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SECTION 21 13 13 
WET-PIPE SPRINKLER SYSTEMS 

PART 1 -  GENERAL 

1.1  DESCRIPTION  

A.  Design, installation and testing shall be in accord ance with  

 NFPA 13. 

B.  Not Used 

C.  Modification of the existing sprinkler system as in dicated on the 

drawings and as further required by these specifica tions. 

1.2  RELATED WORK 

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

B.  Not Used 

C.  Section 07 84 00, FIRESTOPPING. 

D.  Section 09 91 00, PAINTING. 

E.  Section 22 05 23, GENERAL-DUTY VALVES FOR PLUMBING PIPING. 

F.  Section 28 31 00, FIRE DETECTION AND ALARM. 

G.  Not Used 

H.  Not Used 

1.3  DESIGN CRITERIA 

A.  Design Basis Information: Provide design, materials , equipment, 

installation, inspection, and testing of the automa tic sprinkler system 

in accordance with the requirements of NFPA 13.  

1.  Perform hydraulic calculations in accordance with N FPA 13 utilizing 

the Area/Density method.  Do not restrict design ar ea reductions 

permitted for using quick response sprinklers throu ghout by the 

required use of standard response sprinklers in the  areas identified 

in this section. 

2.  Sprinkler Protection: Sprinkler hazard classificati ons shall be in 

accordance with NFPA 13. The hazard classification examples of uses 

and conditions identified in the Annex of NFPA 13 s hall be mandatory 

for areas not listed below. Request clarification f rom the 

Government for any hazard classification not identi fied.  To 

determining spacing and sizing, apply the following  coverage 

classifications: 

a.  Light Hazard Occupancies: Offices and customary acc ess areas. 

b.  Ordinary Hazard Group 1 Occupancies: Mechanical Equ ipment Rooms 

and Electric Closets. 
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c.  Not Used 

3.  Hydraulic Calculations: Calculated demand including  hose stream 

requirements shall fall no less than 10 percent bel ow the available 

water supply curve. 

4.  Water Supply: Base water supply on a flow test of: 

a.  Location ___________________________________ 

b.  Elevation Static Test Gauge ____________________ m 

(_______________ ft) 

c.  Elevation Residual Test Gauge __________________ m 

(_______________ ft) 

d.  Static pressure: ______ kPa ( ______ psi) 

e.  Residual pressure: ______ kPa ( ______ psi) 

f.  Flow: ______ L/s ( ______ gpm) 

g.  Date: ______ Time ______ 

5.  Zoning: 

a.  If hydraulic calculations require increasing size o f the existing 

zone control assembly, revise as needed to meet cal culated 

requirements.  For any new installs, for each sprin kler zone 

provide a control valve, flow switch, and a test an d drain 

assembly with pressure gauge. For buildings greater  than two 

stories, provide a check valve at each control valv e. 

b.  Sprinkler zones shall continue to conform to the ex isting smoke 

barrier zones.  

6.  Not Used 

1.4  SUBMITTALS  

A.  Submit as one package in accordance with Section 01  33 23, SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES. Prepare detail ed working drawings 

that are signed by a NICET Level III or Level IV Sp rinkler Technician 

or stamped by a Registered Professional Engineer li censed in the field 

of Fire Protection Engineering. As the Government r eview is for 

technical adequacy only, the installer remains resp onsible for 

correcting any conflicts with other trades and buil ding construction 

that arise during installation. Partial submittals will not be 

accepted. Material submittals shall be approved pri or to the purchase 

or delivery to the job site. Suitably bind submitta ls in notebooks or 

binders and provide an index referencing the approp riate specification 

section. In addition to the hard copies, provide su bmittal items in 
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Paragraphs 1.4(A)1 through 1.4(A)5 electronically i n pdf format on a 

compact disc or as directed by the COR. Submittals shall include, but 

not be limited to, the following: 

1.  Qualifications: 

a.  Provide a copy of the installing contractors fire s prinkler and 

state contractor’s license.  

b.  Provide a copy of the NICET certification for the N ICET Level III 

or Level IV Sprinkler Technician who prepared and s igned the 

detailed working drawings unless the drawings are s tamped by a 

Registered Professional Engineer licensed in the fi eld of Fire 

Protection Engineering. 

c.  Provide documentation showing that the installer ha s been 

actively and successfully engaged in the installati on of 

commercial automatic sprinkler systems for the past  ten years. 

2.  Drawings: Submit detailed 1:100 (1/8 inch) scale (m inimum) working 

drawings conforming to the Plans and Calculations c hapter of NFPA 

13. Drawings shall include graphical scales that al low the user to 

determine lengths when the drawings are reduced in size.  Include a 

plan showing the piping to the water supply test lo cation.  

3.  Manufacturer’s Data Sheets: Provide data sheets for  all materials 

and equipment proposed for use on the system. Inclu de listing 

information and installation instructions in data s heets. Where data 

sheets describe items in addition to those proposed  to be used for 

the system, clearly identify the proposed items on the sheet. 

4.  Calculation Sheets:  

a.  Submit hydraulic calculation sheets in tabular form  conforming to 

the requirements and recommendations of the Plans a nd 

Calculations chapter of NFPA 13. 

b.  Not Used 

5.  Valve Charts: Provide a valve chart that identifies  the location of 

each newly installed control valve.  Coordinate nom enclature and 

identification of control valves with COR.  Where e xisting 

nomenclature does not exist, the chart shall includ e no less than 

the following: Tag ID No., Valve Size, Service (con trol valve, main 

drain, aux. drain, inspectors test valve, etc.), an d Location.  

6.  Final Document Submittals: Provide as-built drawing s, testing and 

maintenance instructions in accordance with the req uirements in 
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Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. In 

addition, submittals shall include, but not be limi ted to, the 

following: 

a.  A complete set of as-built drawings showing the ins talled system 

with the specific interconnections between the syst em switches 

and the fire alarm equipment.  Provide a complete s et in the 

formats as follows.  Submit items 2 and 3 below on a compact disc 

or as directed by the COR. 

1.)  One full size (or size as directed by the COR) prin ted 

copy. 

2.)  One complete set in electronic pdf format. 

3.)  One complete set in AutoCAD format or a format as d irected 

by the COR. 

b.  Material and Testing Certificate: Upon completion o f the 

sprinkler system installation or any partial sectio n of the 

system, including testing and flushing, provide a c opy of a 

completed Material and Testing Certificate as indic ated in NFPA 

13. Certificates shall be provided to document all parts of the 

installation. 

c.  Operations and Maintenance Manuals that include ste p-by-step 

procedures required for system startup, operation, shutdown, and 

routine maintenance and testing. The manuals shall include the 

manufacturer's name, model number, parts list, and tools that 

should be kept in stock by the owner for routine ma intenance, 

including the name of a local supplier, simplified wiring and 

controls diagrams, troubleshooting guide, and recom mended service 

organization, including address and telephone numbe r, for each 

item of equipment. 

d.  One paper copy of the Material and Testing Certific ates and the 

Operations and Maintenance Manuals above shall be p rovided in a 

binder.  In addition, these materials shall be prov ided in pdf 

format on a compact disc or as directed by the COR.  

e.  Provide one additional copy of the Operations and M aintenance 

Manual covering the system in a flexible protective  cover and 

mount in an accessible location adjacent to the ris er or as 

directed by the COR. 
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1.5  QUALITY ASSURANCE 

A.  Installer Reliability: The installer shall possess a valid State of 

South Dakota fire sprinkler contractor's license. T he installer shall 

have been actively and successfully engaged in the installation of 

commercial automatic sprinkler systems for the past  ten years. 

B.  Materials and Equipment: All equipment and devices shall be of a make 

and type listed by UL or approved by FM, or other n ationally recognized 

testing laboratory for the specific purpose for whi ch it is used. All 

materials, devices, and equipment shall be approved  by the VA. All 

materials and equipment shall be free from defect.  All materials and 

equipment shall be new unless specifically indicate d otherwise on the 

contract drawings. 

1.6  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  National Fire Protection Association (NFPA): 

13-13...................Installation of Sprinkler S ystems 

25-14...................Inspection, Testing, and Ma intenance of Water-

Based Fire Protection Systems 

101-15..................Life Safety Code 

170-15..................Fire Safety Symbols 

C.  Underwriters Laboratories, Inc. (UL): 

Fire Protection Equipment Directory (2011) 

D.  Factory Mutual Engineering Corporation (FM): 

Approval Guide 

PART 2 -  PRODUCTS 

2.1  PIPING & FITTINGS 

A.  Piping and fittings for private underground water m ains shall be in 

accordance with NFPA 13.  

1.  Pipe and fittings from inside face of building 300 mm (12 in.) above 

finished floor to a distance of approximately 1500 mm (5 ft.) 

outside building: Ductile Iron, flanged fittings an d 316 stainless 

steel bolting.   

B.  Piping and fittings for sprinkler systems shall be in accordance with 

NFPA 13. 
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1.  Plain-end pipe fittings with locking lugs or shear bolts are not 

permitted.  

2.  Piping sizes 50 mm (2 inches) and smaller shall be black steel 

Schedule 40 with threaded end connections. 

3.  Piping sizes 65 mm (2 ½ inches) and larger shall be  black steel 

Schedule 10 with grooved connections.  Grooves in S chedule 10 piping 

shall be rolled grooved only. 

4.  Use nonferrous piping in MRI Scanning Rooms. 

5.  Plastic piping shall not be permitted except for dr ain piping. 

6.  Flexible sprinkler hose shall be FM Approved and li mited to hose 

with threaded end fittings with a minimum inside di ameter or 1-inch 

and a maximum length of 6-feet.  

2.2  VALVES 

A.  General: 

1.  Valves shall be in accordance with NFPA 13. 

2.  Do not use quarter turn ball valves for 50 mm (2 in ch) or larger 

drain valves. 

B.  Control Valve: The control valves shall be a listed  indicating type.  

Control valves shall be UL Listed or FM Approved fo r fire protection 

installations.  System control valve shall be rated  for normal system 

pressure but in no case less than 175 PSI. 

C.  Check Valve: Shall be of the swing type with a flan ged cast iron body 

and flanged inspection plate. 

D.  Automatic Ball Drips: Cast brass 20 mm (3/4 inch) i n-line automatic 

ball drip with both ends threaded with iron pipe th reads.  

E.  Not Used 

F.  Not Used 

2.3  FIRE DEPARTMENT SIAMESE CONNECTION – NOT USED 

2.4  SPRINKLERS 

A.  All sprinklers shall be FM approved quick response.   Provide FM 

approved quick response sprinklers in all areas, ex cept that standard 

response sprinklers shall be provided in elevator m achine rooms. 

B.  Temperature Ratings: In accordance with NFPA 13 exc ept that sprinklers 

in elevator machine rooms shall be no less than int ermediate 

temperature rated. 

C.  Provide sprinkler guards in accordance with NFPA 13  and when the 

elevation of the sprinkler head is less than 7 feet  6 inches above 
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finished floor. The sprinkler guard shall be UL lis ted or FM approved 

for use with the corresponding sprinkler.  

 
2.5  SPRINKLER CABINET 

A.  Provide sprinkler cabinet with the required number of sprinkler heads 

of all ratings and types installed, and a sprinkler  wrench for each 

type of sprinkler in accordance with NFPA 13. Locat e adjacent to the 

riser. 

B.  Provide a list of sprinklers installed in the prope rty in the cabinet.  

The list shall include the following: 

1.  Manufacturer, model, orifice, deflector type, therm al sensitivity, 

and pressure for each type of sprinkler in the cabi net. 

2.  General description of where each sprinkler is used . 

3.  Quantity of each type present in the cabinet. 

4.  Issue or revision date of list.  

2.6  SPRINKLER SYSTEM SIGNAGE 

Rigid plastic, steel or aluminum signs with white l ettering on a red 

background with holes for easy attachment. Sprinkle r system signage 

shall be attached to the valve or piping with chain .  

2.7  SWITCHES: 

A.  OS&Y Valve Supervisory Switches shall be in a weath erproof die cast/red 

baked enamel, oil resistant, aluminum housing with tamper resistant 

screws, 13 mm (1/2 inch) conduit entrance and neces sary facilities for 

attachment to the valves. Provide two SPDT switches  rated at 2.5 amps 

at 24 VDC. 

B.  Water flow Alarm Switches: Mechanical, non-coded, n on-accumulative 

retard and adjustable from 0 to 60 seconds minimum.  Set flow switches 

at an initial setting between 20 and 30 seconds. 

C.  Not Used 

D.  Valve Supervisory Switches for Ball and Butterfly V alves: May be 

integral with the valve. 

2.8  GAUGES 

Provide gauges as required by NFPA 13. Provide gaug es where the normal 

pressure of the system is at the midrange of the ga uge. 

2.9  PIPE HANGERS, SUPPORTS AND RESTRAINT OF SYSTEM PIPI NG 

Pipe hangers, supports, and restraint of system pip ing shall be in 

accordance with NFPA 13. 
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2.10  WALL, FLOOR AND CEILING PLATES 

 Provide chrome plated steel escutcheon plates. 

2.11  ANTIFREEZE SOLUTION – NOT USED 

2.12  VALVE TAGS 

Engraved black filled numbers and letters not less than 15 mm (1/2 

inch) high for number designation, and not less tha n 8 mm (1/4 inch) 

for service designation on 19 gage, 40 mm (1-1/2 in ches) round brass 

disc, attached with brass "S" hook, brass chain, or  nylon twist tie. 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  Installation shall be accomplished by the licensed contractor. Provide 

a qualified technician, experienced in the installa tion and operation 

of the type of system being installed, to supervise  the installation 

and testing of the system. 

B.  Installation of Piping: Accurately cut pipe to meas urements established 

by the installer and work into place without spring ing or forcing. In 

any situation where bending of the pipe is required , use a standard 

pipe-bending template. Concealed piping in spaces t hat have finished 

ceilings. Where ceiling mounted equipment exists, s uch as in operating 

and radiology rooms, install sprinklers so as not t o obstruct the 

movement or operation of the equipment. Sidewall he ads may need to be 

utilized. In stairways, locate piping as near to th e ceiling as 

possible to prevent tampering by unauthorized perso nnel and to provide 

a minimum headroom clearance of 2250 mm (seven feet  six inches). Piping 

shall not obstruct the minimum means of egress clea rances required by 

NFPA 101. Pipe hangers, supports, and restraint of system piping shall 

be installed accordance with NFPA 13.  

C.  Welding: Conform to the requirements and recommenda tions of NFPA 13. 

D.  Drains: Provide drips and drains, including low poi nt drains, in 

accordance with NFPA 13.  Pipe drains to discharge at safe points 

outside of the building or to sight cones attached to drains of 

adequate size to readily carry the full flow from e ach drain under 

maximum pressure. Do not provide a direct drain con nection to sewer 

system or discharge into sinks. Install drips and d rains where 

necessary and required by NFPA 13. The drain piping  shall not be 

restricted or reduced  and shall be of the same diameter as the drain 

collector.   
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E.  Supervisory Switches: Provide supervisory switches for any newly 

installed sprinkler control valves.  

F.  Waterflow Alarm Switches: Install waterflow alarm s witches and valves 

in stairwells or other  easily accessible locations. 

G.  Inspector's Test Connection: Install and supply in accordance with NFPA 

13, locate in a secured area, and discharge to the exterior of the 

building. 

H.  Affix cutout disks, which are created by cutting ho les in the walls of 

pipe for flow switches and non-threaded pipe connec tions to the 

respective waterflow switch or pipe connection near  to the pipe from 

where they were cut.  

I.  Provide escutcheon plates for exposed piping passin g through walls, 

floors or ceilings. 

J.  Not Used 

K.  Sleeves: Provide for pipes passing through masonry or concrete. Provide 

space between the pipe and the sleeve in accordance  with NFPA 13. Seal 

this space with a UL Listed through penetration fir e stop material in 

accordance with Section 07 84 00, FIRESTOPPING. Whe re core drilling is 

used in lieu of sleeves, also seal space. Seal pene trations of walls, 

floors and ceilings of other types of construction,  in accordance with 

Section 07 84 00, FIRESTOPPING. 

L.  Not Used   

M.  Provide pressure gauges at each newly installed wat er flow alarm switch 

location. 

N.  Not Used 

O.  Firestopping shall be provided for all penetrations  of fire resistance 

rated construction. Firestopping shall comply with Section 07 84 00, 

FIRESTOPPING. 

P.  Not Used  

Q.  Painting of Pipe: In finished areas where walls and  ceilings have been 

painted, paint primed surfaces with two coats of pa int to match 

adjacent surfaces, except paint valves and operatin g accessories with 

two coats of gloss red enamel.  Exercise care to av oid painting 

sprinklers.  Painting of sprinkler systems above su spended ceilings and 

in crawl spaces is not required.  Painting shall co mply with Section 09 

91 00, PAINTING.  Any painted sprinkler shall be re placed with a new 

sprinkler. 
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R.  Sprinkler System Signage:  Provide rigid sprinkler system signage in 

accordance with NFPA 13 and NFPA 25.  Sprinkler sys tem signage shall 

include, but not limited to, the following: 

1.  Identification Signs: 

a.  Provide signage for each newly installed control va lve, drain 

valve, sprinkler cabinet, and inspector’s test. 

b.  Provide valve tags for each newly installed operabl e valve. 

Coordinate nomenclature and identification of opera ble valves 

with COR.  Where existing nomenclature does not exi st, the Tag 

Identification shall include no less than the follo wing: (FP-B-

F/SZ-#) Fire Protection, Building Number, Floor Num ber/Smoke Zone 

(if applicable), and Valve Number.  (E.g., FP-500-1 E-001) Fire 

Protection, Building 500, First Floor East, Number 001.) 

2.  Instruction/Information Signs: 

a.  Provide signage for each newly installed control va lve to 

indicate valve function and to indicate what system  is being 

controlled. 

b.  Provide signage indicating the number and location of newly 

installed low point drains. 

3.  Hydraulic Placards:  

a.  Provide signage indicating hydraulic design informa tion. The 

placard shall include location of the design area, discharge 

densities, required flow and residual pressure at t he base of 

riser, occupancy classification, hose stream allowa nce, flow test 

information, and installing contractor.  Locate hyd raulic placard 

information signs at each alarm check valve. 

S.  Repairs: Repair damage to the building or equipment  resulting from the 

installation of the sprinkler system by the install er at no additional 

expense to the Government. 

T.  Interruption of Service: There shall be no interrup tion of the existing 

sprinkler protection, water, electric, or fire alar m services without 

prior permission of the Contracting Officer. Contra ctor shall develop 

an interim fire protection program where interrupti ons involve occupied 

spaces. Request in writing at least one week prior to the planned 

interruption.  
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3.2  INSPECTION AND TEST 

A.  Preliminary Testing: Flush newly installed systems prior to performing 

hydrostatic tests in order to remove any debris whi ch may have been 

left as well as ensuring piping is unobstructed. Hy drostatically test 

system, including the fire department connections, as specified in NFPA 

13, in the presence of the Contracting Officers Rep resentative (COR) or 

his designated representative. Test and flush under ground water line 

prior to performing these hydrostatic tests. 

B.  Final Inspection and Testing: Subject system to tes ts in accordance 

with NFPA 13, and when all necessary corrections ha ve been 

accomplished, advise COR to schedule a final inspec tion and test. 

Connection to the fire alarm system shall have been  in service for at 

least ten days prior to the final inspection, with adjustments made to 

prevent false alarms. Furnish all instruments, labo r and materials 

required for the tests and provide the services of the installation 

foreman or other competent representative of the in staller to perform 

the tests. Correct deficiencies and retest system a s necessary, prior 

to the final acceptance. Include the operation of a ll features of the 

systems under normal operations in test 

3.3  INSTRUCTIONS 

Furnish the services of a competent instructor for not less than two 

hours for instructing personnel in the operation an d maintenance of the 

system, on the dates requested by the COR. 

- - - E N D - - - 
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SECTION 22 05 11 
COMMON WORK RESULTS FOR PLUMBING 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  The requirements of this Section shall apply to all  sections of 

Division 22. 

B.  Definitions: 

1.  Exposed: Piping and equipment exposed to view in fi nished rooms. 

C.  Abbreviations/Acronyms: 

1.  ABS: Acrylonitrile Butadiene Styrene 

2.  AC: Alternating Current 

3.  ACR: Air Conditioning and Refrigeration 

4.  AI: Analog Input 

5.  AISI: American Iron and Steel Institute 

6.  AO: Analog Output 

7.  AWG: American Wire Gauge 

8.  BACnet: Building Automation and Control Network 

9.  BAg: Silver-Copper-Zinc Brazing Alloy 

10.  BAS: Building Automation System 

11.  BCuP: Silver-Copper-Phosphorus Brazing Alloy 

12.  BSG: Borosilicate Glass Pipe 

13.  CDA: Copper Development Association 

14.  C: Celsius 

15.  CLR: Color 

16.  CO: Carbon Monoxide 

17.  COR: Contracting Officer’s Representative 

18.  CPVC: Chlorinated Polyvinyl Chloride 

19.  CR: Chloroprene 

20.  CRS: Corrosion Resistant Steel 

21.  CWP: Cold Working Pressure 

22.  CxA: Commissioning Agent 

23.  db(A): Decibels (A weighted) 

24.  DDC: Direct Digital Control 

25.  DI: Digital Input 

26.  DISS: Diameter Index Safety System 

27.  DO: Digital Output 
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28.  DVD: Digital Video Disc 

29.  DN: Diameter Nominal 

30.  DWV: Drainage, Waste and Vent 

31.  ECC: Engineering Control Center 

32.  EPDM: Ethylene Propylene Diene Monomer 

33.  EPT: Ethylene Propylene Terpolymer 

34.  ETO: Ethylene Oxide 

35.  F: Fahrenheit 

36.  FAR: Federal Acquisition Regulations 

37.  FD: Floor Drain 

38.  FED: Federal 

39.  FG: Fiberglass 

40.  FNPT: Female National Pipe Thread 

41.  FPM: Fluoroelastomer Polymer 

42.  GPM: Gallons Per Minute 

43.  HDPE: High Density Polyethylene 

44.  Hg: Mercury 

45.  HOA: Hands-Off-Automatic 

46.  HP: Horsepower 

47.  HVE: High Volume Evacuation 

48.  ID: Inside Diameter 

49.  IPS: Iron Pipe Size 

50.  Kg: Kilogram 

51.  kPa: Kilopascal 

52.  lb: Pound 

53.  L/s: Liters Per Second 

54.  L/min: Liters Per Minute 

55.  MAWP: Maximum Allowable Working Pressure 

56.  MAX: Maximum 

57.  MED: Medical 

58.  m: Meter 

59.  MFG: Manufacturer 

60.  mg: Milligram 

61.  mg/L: Milligrams per Liter 

62.  ml: Milliliter 

63.  mm: Millimeter 

64.  MIN: Minimum 
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65.  NF: Oil Free Dry (Nitrogen) 

66.  NPTF: National Pipe Thread Female 

67.  NPS: Nominal Pipe Size 

68.  NPT: Nominal Pipe Thread 

69.  OD: Outside Diameter 

70.  OSD: Open Sight Drain 

71.  OS&Y: Outside Stem and Yoke 

72.  OXY: Oxygen 

73.  PBPU: Prefabricated Bedside Patient Units 

74.  PH: Power of Hydrogen 

75.  PLC: Programmable Logic Controllers 

76.  PP: Polypropylene 

77.  PPM: Parts per Million 

78.  PSIG: Pounds per Square Inch 

79.  PTFE: Polytetrafluoroethylene 

80.  PVC: Polyvinyl Chloride 

81.  PVDF: Polyvinylidene Fluoride 

82.  RAD: Radians 

83.  RO: Reverse Osmosis 

84.  RPM: Revolutions Per Minute 

85.  RTRP: Reinforced Thermosetting Resin Pipe 

86.  SCFM: Standard Cubic Feet Per Minute 

87.  SDI: Silt Density Index 

88.  SPEC: Specification 

89.  SPS: Sterile Processing Services 

90.  STD: Standard 

91.  SUS: Saybolt Universal Second 

92.  SWP: Steam Working Pressure 

93.  TEFC: Totally Enclosed Fan-Cooled 

94.  TFE: Tetrafluoroethylene 

95.  THHN: Thermoplastic High-Heat Resistant Nylon Coate d Wire 

96.  THWN: Thermoplastic Heat & Water Resistant Nylon Co ated Wire 

97.  T/P: Temperature and Pressure 

98.  USDA: U.S. Department of Agriculture 

99.  V: Volt 

100.  VAC: Vacuum 

101.  VA: Veterans Administration 
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102.  VAMC: Veterans Administration Medical Center 

103.  VAC: Voltage in Alternating Current 

104.  WAGD: Waste Anesthesia Gas Disposal 

105.  WOG: Water, Oil, Gas 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 74 19, CONSTRUCTION WASTE MANAGEMENT. 

D.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

E.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

F.  Section 02 82 11, TRADITIONAL ASBESTOS ABATEMENT. 

G.  Section 03 30 00, CAST-IN-PLACE CONCRETE: Concrete and Grout. 

H.  Section 05 31 00, STEEL DECKING: Building Component s for Attachment of 

Hangers. 

I.  Section 05 36 00, COMPOSITE METAL DECKING: Building  Components for 

Attachment of Hangers. 

J.  Not Used  

K.  Section 07 60 00, FLASHING AND SHEET METAL: Flashin g for Wall and Roof 

Penetrations. 

L.  Section 07 84 00, FIRESTOPPING. 

M.  Section 07 92 00, JOINT SEALANTS. 

N.  Section 09 91 00, PAINTING. 

O.  Not Used 

P.  Section 22 05 12, GENERAL MOTOR REQUIREMENTS FOR PL UMBING EQUIPMENT. 

Q.  Section 22 07 11, PLUMBING INSULATION. 

R.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . 

S.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

T.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS. 

U.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES. 

V.  Section 26 29 11, MOTOR CONTROLLERS. 

W. Not Used  

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below shall form a part of this specification 

to the extent referenced. The publications are refe renced in the text 

by the basic designation only. 

B.  American Society of Mechanical Engineers (ASME): 

ASME Boiler and Pressure Vessel Code - 
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BPVC Section IX-2013....Welding, Brazing, and Fusin g Qualifications 

B31.1-2012..............Power Piping 

C.  American Society for Testing and Materials (ASTM): 

A36/A36M-2012...........Standard Specification for Carbon Structural 

Steel 

A575-96(R2013)e1........Standard Specification for Steel Bars, Carbon, 

Merchant Quality, M-Grades 

E84-2013a...............Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

E119-2012a..............Standard Test Methods for F ire Tests of 

Building Construction and Materials  

F1760-01(R2011).........Standard Specification for Coextruded 

Poly(Vinyl Chloride) (PVC) Non-Pressure Plastic 

Pipe Having Reprocessed-Recycled Content 

D.  International Code Council, (ICC): 

IBC-2012................International Building Code   

IPC-2012................International Plumbing Code  

E.  Manufacturers Standardization Society (MSS) of the Valve and Fittings 

Industry, Inc: 

SP-58-2009..............Pipe Hangers and Supports -  Materials, Design, 

Manufacture, Selection, Application and 

Installation 

SP-69-2003..............Pipe Hangers and Supports -  Selection and 

Application 

F.  Military Specifications (MIL): 

P-21035B................Paint High Zinc Dust Conten t, Galvanizing 

Repair (Metric) 

G.  National Electrical Manufacturers Association (NEMA ): 

MG 1-2011...............Motors and Generators 

H.  National Fire Protection Association (NFPA): 

51B-2014................Standard for Fire Preventio n During Welding, 

Cutting and Other Hot Work 

54-2012.................National Fuel Gas Code 

70-2014.................National Electrical Code (N EC) 

I.  NSF International (NSF): 

5-2012..................Water Heaters, Hot Water Su pply Boilers, and 

Heat Recovery Equipment 
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14-2012.................Plastic Piping System Compo nents and Related 

Materials 

61-2012.................Drinking Water System Compo nents – Health 

Effects 

372-2011................Drinking Water System Compo nents – Lead Content 

J.  Department of Veterans Affairs (VA): 

PG-18-10................Plumbing Design Manual 

PG-18-13-2011...........Barrier Free Design Guide 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, and 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

"SUBMITTED UNDER SECTION 22 05 11, COMMON WORK RESULTS FOR PLUMBING", 

with applicable paragraph identification. 

C.  Contractor shall make all necessary field measureme nts and 

investigations to assure that the equipment and ass emblies will meet 

contract requirements and will fit the space availa ble. 

D.  If equipment is submitted which differs in arrangem ent from that shown, 

provide drawings that show the rearrangement of all  associated systems. 

Approval will be given only if all features of the equipment and 

associated systems, including accessibility, are eq uivalent to that 

required by the contract. 

E.  Prior to submitting shop drawings for approval, con tractor shall 

certify in writing that manufacturers of all major items of equipment 

have each reviewed drawings and specifications and have jointly 

coordinated and properly integrated their equipment  and controls to 

provide a complete and efficient installation. 

F.  Installing Contractor shall provide lists of previo us installations for 

selected items of equipment. Contact persons who wi ll serve as 

references, with telephone numbers and e-mail addre sses shall be 

submitted with the references. 

G.  Manufacturer's Literature and Data: Manufacturer’s literature shall be 

submitted under the pertinent section rather than u nder this section.  

1.  Electric motor data and variable speed drive data s hall be submitted 

with the driven equipment. 

2.  Equipment and materials identification. 
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3.  Firestopping materials. 

4.  Hangers, inserts, supports and bracing. Provide loa d calculations 

for variable spring and constant support hangers. 

5.  Wall, floor, and ceiling plates. 

H.  Submittals and shop drawings for interdependent ite ms, containing 

applicable descriptive information, shall be furnis hed together and 

complete in a group. Coordinate and properly integr ate materials and 

equipment in each group to provide a completely com patible and 

efficient installation. Final review and approvals will be made only by 

groups. 

I.  Coordination Drawings: Complete consolidated and co ordinated layout 

drawings shall be submitted for all new systems, an d for existing 

systems that are in the same areas. The drawings sh all include plan 

views, elevations and sections of all systems and s hall be on a scale 

of not less than 1:32 (3/8 inch equal to one foot).  Clearly identify 

and dimension the proposed locations of the princip al items of 

equipment. The drawings shall clearly show the prop osed location and 

adequate clearance for all equipment, controls, pip ing, pumps, valves 

and other items. All valves, trap primer valves, wa ter hammer 

arrestors, strainers, and equipment requiring servi ce shall be provided 

with an access door sized for the complete removal of plumbing device, 

component, or equipment. Equipment foundations shal l not be installed 

until equipment or piping layout drawings have been  approved. Detailed 

layout drawings shall be provided for all piping sy stems. In addition, 

details of the following shall be provided. 

1.  Mechanical equipment rooms.  

2.  Interstitial space. 

3.  Hangers, inserts, supports, and bracing. 

4.  Pipe sleeves.  

5.  Equipment penetrations of floors, walls, ceilings, or roofs. 

J.  Maintenance Data and Operating Instructions: 

1.  Maintenance and operating manuals in accordance wit h Section 01 00 

00, GENERAL REQUIREMENTS, Article, INSTRUCTIONS, fo r systems and 

equipment. Include complete list indicating all com ponents of the 

systems with diagrams of the internal wiring for ea ch item of 

equipment. 
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2.  Include listing of recommended replacement parts fo r keeping in 

stock supply, including sources of supply, for equi pment shall be 

provided. The listing shall include belts for equip ment: Belt 

manufacturer, model number, size and style, and dis tinguished 

whether of multiple belt sets. 

K.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 22 08 00 COMMISSIONING OF P LUMBING SYSTEMS. 

L.  Submit training plans, trainer qualifications and i nstructor 

qualifications in accordance with the requirements of Section 22 08 00 

COMMISSIONING OF PLUMBING SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Products Criteria: 

1.  Standard Products: Material and equipment shall be the standard 

products of a manufacturer regularly engaged in the  manufacture, 

supply and servicing of the specified products for at least 5 years. 

However, digital electronics devices, software and systems such as 

controls, instruments, computer work station, shall  be the current 

generation of technology and basic design that has a proven 

satisfactory service record of at least 5 years. 

2.  Equipment Service: There shall be permanent service  organizations, 

authorized and trained by manufacturers of the equi pment supplied, 

located within 160 km (100 miles) of the project. T hese 

organizations shall come to the site and provide ac ceptable service 

to restore operations within four hours of receipt of notification 

by phone, e-mail or fax in event of an emergency, s uch as the shut-

down of equipment; or within 24 hours in a non-emer gency. Names, 

mail and e-mail addresses and phone numbers of serv ice organizations 

providing service under these conditions for (as ap plicable to the 

project): pumps, compressors, water heaters, critic al 

instrumentation, computer workstation and programmi ng shall be 

submitted for project record and inserted into the operations and 

maintenance manual. 

3.  All items furnished shall be free from defects that  would adversely 

affect the performance, maintainability and appeara nce of individual 

components and overall assembly. 
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4.  The products and execution of work specified in Div ision 22 shall 

conform to the referenced codes and standards as re quired by the 

specifications. Local codes and amendments enforced  by the local 

code official shall be enforced, if required by loc al authorities 

such as the natural gas supplier. If the local code s are more 

stringent, then the local code shall apply. Any con flicts shall be 

brought to the attention of the Contracting Officer s Representative 

(COR). 

5.  Multiple Units: When two or more units of materials  or equipment of 

the same type or class are required, these units sh all be products 

of one manufacturer. 

6.  Assembled Units: Manufacturers of equipment assembl ies, which use 

components made by others, assume complete responsi bility for the 

final assembled product. 

7.  Nameplates: Nameplate bearing manufacturer's name o r identifiable 

trademark shall be securely affixed in a conspicuou s place on 

equipment, or name or trademark cast integrally wit h equipment, 

stamped or otherwise permanently marked on each ite m of equipment. 

8.  Asbestos products or equipment or materials contain ing asbestos 

shall not be used. 

9.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

B.  Welding: Before any welding is performed, contracto r shall submit a 

certificate certifying that welders comply with the  following 

requirements: 

1.  Qualify welding processes and operators for piping according to ASME 

"Boiler and Pressure Vessel Code", Section IX, "Wel ding and Brazing 

Qualifications". 

2.  Comply with provisions of ASME B31 series "Code for  Pressure 

Piping". 

3.  Certify that each welder and welding operator has p assed American 

Welding Society (AWS) qualification tests for the w elding processes 

involved, and that certification is current. 
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4.  All welds shall be stamped according to the provisi ons of the 

American Welding Society. 

C.  Manufacturer's Recommendations: Where installation procedures or any 

part thereof are required to be in accordance with the recommendations 

of the manufacturer of the material being installed , printed copies of 

these recommendations shall be furnished to the COR  prior to 

installation. Installation of the item will not be allowed to proceed 

until the recommendations are received. Failure to furnish these 

recommendations can be cause for rejection of the m aterial. 

D.  Execution (Installation, Construction) Quality: 

1.  All items shall be applied and installed in accorda nce with 

manufacturer's written instructions. Conflicts betw een the 

manufacturer's instructions and the contract docume nts shall be 

referred to the COR for resolution. Printed copies or electronic 

files of manufacturer’s installation instructions s hall be provided 

to the COR at least 10 working days prior to commen cing installation 

of any item. 

2.  All items that require access, such as for operatin g, cleaning, 

servicing, maintenance, and calibration, shall be e asily and safely 

accessible by persons standing at floor level, or s tanding on 

permanent platforms, without the use of portable la dders. Examples 

of these items include but are not limited to: all types of valves, 

filters and strainers, transmitters, and control de vices. Prior to 

commencing installation work, refer conflicts betwe en this 

requirement and contract documents to COR for resol ution. 

3.  Complete layout drawings shall be required by Parag raph, SUBMITTALS. 

Construction work shall not start on any system unt il the layout 

drawings have been approved by VA. 

4.  Installer Qualifications: Installer shall be licens ed and shall 

provide evidence of the successful completion of at  least five 

projects of equal or greater size and complexity. P rovide tradesmen 

skilled in the appropriate trade. 

5.  If an installation is unsatisfactory to the COR, th e Contractor 

shall correct the installation at no additional cos t or additional 

time to the Government. 

E.  Guaranty: Warranty of Construction, FAR clause 52.2 46-21. 
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F.  Plumbing Systems: IPC, International Plumbing Code.  Unless otherwise 

required herein, perform plumbing work in accordanc e with the latest 

version of the IPC. For IPC codes referenced in the  contract documents, 

advisory provisions shall be considered mandatory, the word “should” 

shall be interpreted as “shall”. Reference to the “ code official” or 

“owner” shall be interpreted to mean the COR. 

G.  Cleanliness of Piping and Equipment Systems: 

1.  Care shall be exercised in the storage and handling  of equipment and 

piping material to be incorporated in the work. Deb ris arising from 

cutting, threading and welding of piping shall be r emoved. 

2.  Piping systems shall be flushed, blown or pigged as  necessary to 

deliver clean systems. 

3.  The interior of all tanks shall be cleaned prior to  delivery and 

beneficial use by the Government. All piping shall be tested in 

accordance with the specifications and the Internat ional Plumbing 

Code (IPC). All filters, strainers, fixture faucets  shall be flushed 

of debris prior to final acceptance. 

4.  Contractor shall be fully responsible for all costs , damage, and 

delay arising from failure to provide clean systems . 

1.6  DELIVERY, STORAGE AND HANDLING 

A.  Protection of Equipment: 

1.  Equipment and material placed on the job site shall  remain in the 

custody of the Contractor until phased acceptance, whether or not 

the Government has reimbursed the Contractor for th e equipment and 

material. The Contractor is solely responsible for the protection of 

such equipment and material against any damage. 

2.  Damaged equipment shall be replaced with an identic al unit as 

determined and directed by the COR. Such replacemen t shall be at no 

additional cost or additional time to the Governmen t. 

3.  Interiors of new equipment and piping systems shall  be protected 

against entry of foreign matter. Both inside and ou tside shall be 

cleaned before painting or placing equipment in ope ration. 

4.  Existing equipment and piping being worked on by th e Contractor 

shall be under the custody and responsibility of th e Contractor and 

shall be protected as required for new work. 
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1.7  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, substitutions and construction rev isions shall be 

inserted into a three ring binder. All aspects of s ystem operation and 

maintenance procedures, including piping isometrics , wiring diagrams of 

all circuits, a written description of system desig n, control logic, 

and sequence of operation shall be included in the operation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices such as dam per and door closure 

interlocks shall be included. A List of recommended  spare parts 

(manufacturer, model number, and quantity) shall be  furnished. 

Information explaining any special knowledge or too ls the owner will be 

required to employ shall be inserted into the As-Bu ilt documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them on Auto-Cad version to be 

determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

D.  Certification documentation shall be provided prior  to submitting the 

request for final inspection. The documentation sha ll include all test 

results, the names of individuals performing work f or the testing 

agency on this project, detailed procedures followe d for all tests, and 

a certification that all results of tests were with in limits specified. 

PART 2 -  PRODUCTS 

2.1  MATERIALS FOR VARIOUS SERVICES 

A.  Not Used  

B.  Plastic pipe, fittings and solvent cement shall mee t NSF 14 and shall 

bear the NSF seal “NSF-PW”. Polypropylene pipe and fittings shall 

comply with NSF 14 and NSF 61. Solder or flux conta ining lead shall not 

be used with copper pipe. 
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C.  Material or equipment containing a weighted average  of greater than 

0.25 percent lead shall not be used in any potable water system 

intended for human consumption and shall be certifi ed in accordance 

with NSF 61 or NSF 372. 

D.  In-line devices such as water meters, building valv es, check valves, 

stops, valves, fittings, tanks and backflow prevent ers shall comply 

with NSF 61 and NSF 372. 

E.  End point devices such as drinking fountains, lavat ory faucets, kitchen 

and bar faucets, ice makers supply stops, and end-p oint control valves 

used to dispense drinking water must meet requireme nts of NSF 61 and 

NSF 372. 

2.2  FACTORY-ASSEMBLED PRODUCTS 

A.  Standardization of components shall be maximized to  reduce spare part 

requirements. 

B.  Manufacturers of equipment assemblies that include components made by 

others shall assume complete responsibility for fin al assembled unit. 

1.  All components of an assembled unit need not be pro ducts of same 

manufacturer. 

2.  Constituent parts that are alike shall be products of a single 

manufacturer. 

3.  Components shall be compatible with each other and with the total 

assembly for intended service. 

4.  Contractor shall guarantee performance of assemblie s of components 

and shall repair or replace elements of the assembl ies as required 

to deliver specified performance of the complete as sembly at no 

additional cost or time to the Government. 

C.  Components of equipment shall bear manufacturer's n ame and trademark, 

model number, serial number and performance data on  a name plate 

securely affixed in a conspicuous place, or cast in tegral with, stamped 

or otherwise permanently marked upon the components  of the equipment. 

D.  Major items of equipment, which serve the same func tion, shall be the 

same make and model. 

2.3  COMPATIBILITY OF RELATED EQUIPMENT 

A.  Equipment and materials installed shall be compatib le in all respects 

with other items being furnished and with existing items so that the 

result will be a complete and fully operational sys tem that conforms to 

contract requirements. 
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2.4  SAFETY GUARDS 

A.  Pump shafts and couplings shall be fully guarded by  a sheet steel 

guard, covering coupling and shaft but not bearings . Material shall be 

minimum 16-gage sheet steel; ends shall be braked a nd drilled and 

attached to pump base with minimum of four 8 mm (1/ 4 inch) bolts. 

Reinforce guard as necessary to prevent side play f orcing guard onto 

couplings. 

B.  All Equipment shall have moving parts protected fro m personal injury. 

2.5  LIFTING ATTACHMENTS 

A.  Equipment shall be provided with suitable lifting a ttachments to enable 

equipment to be lifted in its normal position. Lift ing attachments 

shall withstand any handling conditions that might be encountered, 

without bending or distortion of shape, such as rap id lowering and 

braking of load. 

2.6  ELECTRIC MOTORS, MOTOR CONTROL, CONTROL WIRING 

A.  All material and equipment furnished and installati on methods used 

shall conform to the requirements of Section 22 05 12, GENERAL MOTOR 

REQUIREMENTS FOR PLUMBING EQUIPMENT; Section 26 29 11, MOTOR 

CONTROLLERS; and Section 26 05 19, LOW-VOLTAGE ELEC TRICAL POWER 

CONDUCTORS AND CABLES. All electrical wiring, condu it, and devices 

necessary for the proper connection, protection and  operation of the 

systems shall be provided. Premium efficient motors  shall be provided. 

Unless otherwise specified for a particular applica tion, electric 

motors shall have the following requirements. 

B.  Special Requirements: 

1.  Where motor power requirements of equipment furnish ed deviate from 

power shown on plans, provide electrical service de signed under the 

requirements of NFPA 70 without additional cost or time to the 

Government. 

2.  Assemblies of motors, starters, and controls and in terlocks on 

factory assembled and wired devices shall be in acc ordance with the 

requirements of this specification. 

3.  Wire and cable materials specified in the electrica l division of the 

specifications shall be modified as follows: 

a.  Wiring material located where temperatures can exce ed 71° C (160° 

F) shall be stranded copper with Teflon FEP insulat ion with 

jacket. This includes wiring on the boilers and wat er heaters. 
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b.  Other wiring at boilers and water heaters, and to c ontrol panels, 

shall be NFPA 70 designation THWN. 

c.  Shielded conductors or wiring in separate conduits for all 

instrumentation and control systems shall be provid ed where 

recommended by manufacturer of equipment. 

4.  Motor sizes shall be selected so that the motors do  not operate into 

the service factor at maximum required loads on the  driven 

equipment. Motors on pumps shall be sized for non-o verloading at all 

points on the pump performance curves. 

5.  Not Used  

C.  Motor Efficiency and Power Factor: All motors, when  specified as “high 

efficiency or Premium Efficiency” by the project sp ecifications on 

driven equipment, shall conform to efficiency and p ower factor 

requirements in Section 22 05 12, GENERAL MOTOR REQ UIREMENTS FOR 

PLUMBING EQUIPMENT, with no consideration of annual  service hours. 

Motor manufacturers generally define these efficien cy requirements as 

“NEMA premium efficient” and the requirements gener ally exceed those of 

the Energy Policy Act (EPACT), revised 2005. Motors  not specified as 

“high efficiency or premium efficient” shall comply  with EPACT. 

D.  Single-phase Motors: Capacitor-start type for hard starting 

applications. Motors for centrifugal pumps may be s plit phase or 

permanent split capacitor (PSC). 

E.  Poly-phase Motors: NEMA Design B, Squirrel cage, in duction type. Each 

two-speed motor shall have two separate windings. A  time delay (20 

seconds minimum) relay shall be provided for switch ing from high to low 

speed. 

F.  Rating: Rating shall be continuous duty at 100 perc ent capacity in an 

ambient temperature of 40° C (104° F); minimum hors epower as shown on 

drawings; maximum horsepower in normal operation sh all not exceed 

nameplate rating without service factor. 

G.  Insulation Resistance: Not less than one-half meg-o hm between stator 

conductors and frame shall be measured at the time of final inspection. 

2.7  VARIABLE SPEED MOTOR CONTROLLERS – NOT USED 

2.8  EQUIPMENT AND MATERIALS IDENTIFICATION 

A.  Use symbols, nomenclature and equipment numbers spe cified, shown on the 

drawings, or shown in the maintenance manuals. Coor dinate equipment and 

valve identification with local VAMC shops. In addi tion, provide bar 
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code identification nameplate for all equipment whi ch will allow the 

equipment identification code to be scanned into th e system for 

maintenance and inventory tracking. Identification for piping is 

specified in Section 09 91 00, PAINTING. 

B.  Interior (Indoor) Equipment: Engraved nameplates, w ith letters not less 

than 7 mm (3/16 inch) high of brass with black-fill ed letters, or rigid 

black plastic with white letters specified in Secti on 09 91 00, 

PAINTING shall be permanently fastened to the equip ment. Unit 

components such as water heaters, tanks, coils, fil ters, etc. shall be 

identified. 

C.  Not Used  

D.  Control Items: All temperature, pressure, and contr ollers shall be 

labeled and the component’s function identified. Id entify and label 

each item as they appear on the control diagrams. 

E.  Valve Tags and Lists: 

1.  Plumbing: All valves shall be provided with valve t ags and listed on 

a valve list (Fixture stops not included). 

2.  Valve tags: Engraved black filled numbers and lette rs not less than 

15 mm (1/2 inch) high for number designation, and n ot less than 8 mm 

(1/4 inch) for service designation on 19 gage, 40 m m (1-1/2 inches) 

round brass disc, attached with brass "S" hook or b rass chain. 

3.  Valve lists: Valve lists shall be created using a w ord processing 

program and printed on plastic coated cards. The pl astic coated 

valve list card(s) sized 215 mm (8-1/2 inches) by 2 75 mm (11 

inches), shall show valve tag number, valve functio n and area of 

control for each service or system. The valve list shall be in a 

punched 3-ring binder notebook. An additional copy of the valve list 

shall be mounted in picture frames for mounting to a wall. COR shall 

instruct contractor where frames shall be mounted. 

4.  A detailed plan for each floor of the building indi cating the 

location and valve number for each valve shall be p rovided in the 

3-ring binder notebook. Each valve location shall b e identified with 

a color coded sticker or thumb tack in ceiling or a ccess door. 

2.9  FIRESTOPPING 

A.  Section 07 84 00, FIRESTOPPING specifies an effecti ve barrier against 

the spread of fire, smoke and gases where penetrati ons occur for 
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piping. Refer to Section 22 07 11, PLUMBING INSULAT ION, for pipe 

insulation. 

2.10  GALVANIZED REPAIR COMPOUND 

A.  Mil. Spec. DOD-P-21035B, paint. 

2.11  PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS 

A.  In lieu of the paragraph which follows, suspended e quipment support and 

restraints may be designed and installed in accorda nce with the 

International Building Code (IBC). Submittals based  on the 

International Building Code (IBC) requirements, or the following 

paragraphs of this Section shall be stamped and sig ned by a 

professional engineer registered in the state where  the project is 

located. The Support system of suspended equipment over 227 kg (500 

pounds) shall be submitted for approval of the COR in all cases. See 

the above specifications for lateral force design r equirements. 

B.  Type Numbers Specified: For materials, design, manu facture, selection, 

application, and installation refer to MSS SP-58. F or selection and 

application refer to MSS SP-69. Refer to Section 05  50 00, METAL 

FABRICATIONS, for miscellaneous metal support mater ials and prime coat 

painting. 

C.  For Attachment to Concrete Construction: 

1.  Concrete insert: Type 18, MSS SP-58. 

2.  Self-drilling expansion shields and machine bolt ex pansion anchors: 

Permitted in concrete not less than 100 mm (4 inche s) thick when 

approved by the COR for each job condition. 

3.  Power-driven fasteners: Permitted in existing concr ete or masonry 

not less than 100 mm (4 inches) thick when approved  by the COR for 

each job condition. 

D.  For Attachment to Steel Construction: MSS SP-58. 

1.  Welded attachment: Type 22. 

2.  Beam clamps: Types 20, 21, 28 or 29. Type 23 C-clam p may be used for 

individual copper tubing up to 23 mm (7/8 inch) out side diameter. 

E.  Attachment to Metal Pan or Deck: As required for ma terials specified in 

Section 05 31 00, STEEL DECKING.  Section 05 36 00,  COMPOSITE METAL 

DECKING. 

F.  For Attachment to Wood Construction: Wood screws or  lag bolts. 

G.  Hanger Rods: Hot-rolled steel, ASTM A36/A36M or AST M A575 for allowable 

load listed in MSS SP-58. For piping, provide adjus tment means for 
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controlling level or slope. Types 13 or 15 turn-buc kles shall provide 

40 mm (1-1/2 inches) minimum of adjustment and inco rporate locknuts. 

All-thread rods are acceptable. 

H.  Multiple (Trapeze) Hangers: Galvanized, cold formed , lipped steel 

channel horizontal member, not less than 43 mm by 4 3 mm (1-5/8 inches 

by 1-5/8 inches), 2.7 mm (No. 12 gage), designed to  accept special 

spring held, hardened steel nuts. 

1.  Allowable hanger load: Manufacturers rating less 91 kg (200 pounds). 

2.  Guide individual pipes on the horizontal member of every other 

trapeze hanger with 8 mm (1/4 inch) U-bolt fabricat ed from steel 

rod. Provide Type 40 insulation shield, secured by two 15 mm (1/2 

inch) galvanized steel bands, or insulated calcium silicate shield 

for insulated piping at each hanger. 

I.  Pipe Hangers and Supports: (MSS SP-58), use hangers  sized to encircle 

insulation on insulated piping. Refer to Section 22  07 11, PLUMBING 

INSULATION for insulation thickness. To protect ins ulation, provide 

Type 39 saddles for roller type supports or insulat ed calcium silicate 

shields. Provide Type 40 insulation shield or insul ated calcium 

silicate shield at all other types of supports and hangers including 

those for insulated piping. 

1.  General Types (MSS SP-58): 

a.  Standard clevis hanger: Type 1; provide locknut. 

b.  Riser clamps: Type 8. 

c.  Wall brackets: Types 31, 32 or 33. 

d.  Roller supports: Type 41, 43, 44 and 46. 

e.  Saddle support: Type 36, 37 or 38. 

f.  Turnbuckle: Types 13 or 15. 

g.  U-bolt clamp: Type 24. 

h.  Copper Tube: 

1.)  Hangers, clamps and other support material in conta ct with 

tubing shall be painted with copper colored epoxy p aint, 

copper-coated, plastic coated or taped with isolati on tape 

to prevent electrolysis. 

2.)  For vertical runs use epoxy painted, copper-coated or 

plastic coated riser clamps. 
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3.)  For supporting tube to strut: Provide epoxy painted  pipe 

straps for copper tube or plastic inserted vibratio n 

isolation clamps. 

4.)  Insulated Lines: Provide pre-insulated calcium sili cate 

shields sized for copper tube. 

i.  Supports for plastic or glass piping: As recommende d by the pipe 

manufacturer with black rubber tape extending one i nch beyond 

steel support or clamp. Spring Supports (Expansion and 

contraction of vertical piping): 

1.)  Movement up to 20 mm (3/4 inch): Type 51 or 52 vari able 

spring unit with integral turn buckle and load indi cator. 

2.)  Movement more than 20 mm (3/4 inch): Type 54 or 55 constant 

support unit with integral adjusting nut, turn buck le and 

travel position indicator.  

j.  Spring hangers are required on all plumbing system pumps one 

horsepower and greater. 

2.  Plumbing Piping (Other Than General Types): 

a.  Horizontal piping: Type 1, 5, 7, 9, and 10. 

b.  Chrome plated piping: Chrome plated supports. 

c.  Hangers and supports in pipe chase: Prefabricated s ystem ABS 

self-extinguishing material, not subject to electro lytic action, 

to hold piping, prevent vibration and compensate fo r all static 

and operational conditions. 

d.  Blocking, stays and bracing: Angle iron or preforme d metal 

channel shapes, 1.3 mm (18 gage) minimum. 

J.  Pre-insulated Calcium Silicate Shields: 

1.  Provide 360 degree water resistant high density 965  kPa (140 psig) 

compressive strength calcium silicate shields encas ed in galvanized 

metal. 

2.  Pre-insulated calcium silicate shields to be instal led at the point 

of support during erection. 

3.  Shield thickness shall match the pipe insulation. 

4.  The type of shield is selected by the temperature o f the pipe, the 

load it must carry, and the type of support it will  be used with. 

a.  Shields for supporting cold water shall have insula tion that 

extends a minimum of 25 mm (1 inch) past the sheet metal. 
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b.  The insulated calcium silicate shield shall support  the maximum 

allowable water filled span as indicated in MSS SP- 69. To support 

the load, the shields shall have one or more of the  following 

features: structural inserts 4138 kPa (600 psig) co mpressive 

strength, an extra bottom metal shield, or formed s tructural 

steel (ASTM A36/A36M) wear plates welded to the bot tom sheet 

metal jacket. 

5.  Shields may be used on steel clevis hanger type sup ports, trapeze 

hangers, roller supports or flat surfaces. 

K.  Not Used 

2.12  PIPE PENETRATIONS 

A.  Pipe penetration sleeves shall be installed for all  pipe other than 

rectangular blocked out floor openings for risers i n mechanical bays. 

B.  Pipe penetration sleeve materials shall comply with  all firestopping 

requirements for each penetration. 

C.  To prevent accidental liquid spills from passing to  a lower level, 

provide the following:  

1.  For sleeves: Extend sleeve 25 mm (1 inch) above fin ished floor and 

provide sealant for watertight joint. 

2.  For blocked out floor openings: Provide 40 mm (1-1/ 2 inch) angle set 

in silicone adhesive around opening. 

3.  For drilled penetrations: Provide 40 mm (1-1/2 inch ) angle ring or 

square set in silicone adhesive around penetration.  

D.  Penetrations are not allowed through beams or ribs,  but may be 

installed in concrete beam flanges, with structural  engineer prior 

approval. Any deviation from these requirements mus t receive prior 

approval of COR. 

E.  Sheet metal, plastic, or moisture resistant fiber s leeves shall be 

provided for pipe passing through floors, interior walls, and 

partitions, unless brass or steel pipe sleeves are specifically called 

for below. 

F.  Cast iron or zinc coated pipe sleeves shall be prov ided for pipe 

passing through exterior walls below grade. The spa ce between the 

sleeve and pipe shall be made watertight with a mod ular or link rubber 

seal. The link seal shall be applied at both ends o f the sleeve. 

G.  Galvanized steel or an alternate black iron pipe wi th asphalt coating 

sleeves shall be for pipe passing through concrete beam flanges, except 
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where brass pipe sleeves are called for. A galvaniz ed steel sleeve 

shall be provided for pipe passing through floor of  mechanical rooms, 

laundry work rooms, and animal rooms above basement . Except in 

mechanical rooms, sleeves shall be connected with a  floor plate. 

H.  Brass Pipe Sleeves shall be provided for pipe passi ng through quarry 

tile, terrazzo or ceramic tile floors. The sleeve s hall be connected 

with a floor plate. 

I.  Sleeve clearance through floors, walls, partitions,  and beam flanges 

shall be 25 mm (1 inch) greater in diameter than ex ternal diameter of 

pipe. Sleeve for pipe with insulation shall be larg e enough to 

accommodate the insulation plus 25 mm (1 inch) in d iameter. Interior 

openings shall be caulked tight with firestopping m aterial and sealant 

to prevent the spread of fire, smoke, water and gas es. 

J.  Sealant and Adhesives: Shall be as specified in Sec tion 07 92 00, JOINT 

SEALANTS. Bio-based materials shall be utilized whe n possible. 

K.  Pipe passing through roof shall be installed throug h a 4.9 kg per 

square meter copper flashing with an integral skirt  or flange. Skirt or 

flange shall extend not less than 200 mm (8 inches)  from the pipe and 

set in a solid coating of bituminous cement. Extend  flashing a minimum 

of 250 mm (10 inches) up the pipe. Pipe passing thr ough a waterproofing 

membrane shall be provided with a clamping flange. The annular space 

between the sleeve and pipe shall be sealed waterti ght. 

2.13  TOOLS AND LUBRICANTS 

A.  Furnish, and turn over to the COR, special tools no t readily available 

commercially, that are required for disassembly or adjustment of 

equipment and machinery furnished. 

B.  Grease Guns with Attachments for Applicable Fitting s: One for each type 

of grease required for each motor or other equipmen t. 

C.  Tool Containers: metal, permanently identified for intended service and 

mounted, or located, where directed by the COR. 

D.  Lubricants: A minimum of 0.95 L (1 quart) of oil, a nd 0.45 kg (1 pound) 

of grease, of equipment manufacturer's recommended grade and type, in 

unopened containers and properly identified as to u se for each 

different application. Bio-based materials shall be  utilized when 

possible. 
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2.14  WALL, FLOOR AND CEILING PLATES 

A.  Material and Type: Chrome plated brass or chrome pl ated steel, one 

piece or split type with concealed hinge, with set screw for fastening 

to pipe, or sleeve. Use plates that fit tight aroun d pipes, cover 

openings around pipes and cover the entire pipe sle eve projection. 

B.  Thickness: Not less than 2.4 mm (3/32 inch) for flo or plates. For wall 

and ceiling plates, not less than 0.64 mm (0.025 in ch) for up to 75 mm 

(3 inch) pipe, 0.89 mm (0.035 inch) for larger pipe . 

C.  Locations: Use where pipe penetrates floors, walls and ceilings in 

exposed locations, in finished areas only. Wall pla tes shall be used 

where insulation ends on exposed water supply pipe drop from overhead. 

A watertight joint shall be provided in spaces wher e brass or steel 

pipe sleeves are specified. 

2.15  ASBESTOS 

A.  Materials containing asbestos are not permitted. 

PART 3 -  EXECUTION 

3.1  ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND PIPING 

A.  Location of piping, sleeves, inserts, hangers, and equipment, access 

provisions shall be coordinated with the work of al l trades. Piping, 

sleeves, inserts, hangers, and equipment shall be l ocated clear of 

windows, doors, openings, light outlets, and other services and 

utilities. Equipment layout drawings shall be prepa red to coordinate 

proper location and personnel access of all facilit ies. The drawings 

shall be submitted for review. 

B.  Manufacturer's published recommendations shall be f ollowed for 

installation methods not otherwise specified. 

C.  Operating Personnel Access and Observation Provisio ns: All equipment 

and systems shall be arranged to provide clear view  and easy access, 

without use of portable ladders, for maintenance, t esting and operation 

of all devices including, but not limited to: all e quipment items, 

valves, backflow preventers, filters, strainers, tr ansmitters, sensors, 

meters and control devices. All gages and indicator s shall be clearly 

visible by personnel standing on the floor or on pe rmanent platforms. 

Maintenance and operating space and access provisio ns that are shown on 

the drawings shall not be changed nor reduced. 

D.  Structural systems necessary for pipe and equipment  support shall be 

coordinated to permit proper installation. 
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E.  Location of pipe sleeves, trenches and chases shall  be accurately 

coordinated with equipment and piping locations. 

F.  Cutting Holes: 

1.  Holes shall be located to avoid interference with s tructural members 

such as beams or grade beams. Holes shall be laid o ut in advance and 

drilling done only after approval by COR. If the Co ntractor 

considers it necessary to drill through structural members, this 

matter shall be referred to COR for approval. 

2.  Waterproof membrane shall not be penetrated. Pipe f loor penetration 

block outs shall be provided outside the extents of  the waterproof 

membrane. 

3.  Holes through concrete and masonry shall be cut by rotary core 

drill. Pneumatic hammer, impact electric, and hand or manual hammer 

type drill will not be allowed, except as permitted  by COR where 

working area space is limited. 

G.  Minor Piping: Generally, small diameter pipe runs f rom drips and 

drains, water cooling, and other services are not s hown but must be 

provided. 

H.  Protection and Cleaning: 

1.  Equipment and materials shall be carefully handled,  properly stored, 

and adequately protected to prevent damage before a nd during 

installation, in accordance with the manufacturer's  recommendations 

and as approved by the COR. Damaged or defective it ems in the 

opinion of the COR, shall be replaced at no additio nal cost or time 

to the Government. 

2.  Protect all finished parts of equipment, such as sh afts and bearings 

where accessible, from rust prior to operation by m eans of 

protective grease coating and wrapping. Close pipe openings with 

caps or plugs during installation. Pipe openings, e quipment, and 

plumbing fixtures shall be tightly covered against dirt or 

mechanical injury. At completion of all work thorou ghly clean 

fixtures, exposed materials and equipment. 

I.  Concrete and Grout: Concrete and shrink compensatin g grout 25 MPa (3000 

psig) minimum, specified in Section 03 30 00, CAST- IN-PLACE CONCRETE, 

shall be used for all pad or floor mounted equipmen t. 

J.  Gages, thermometers, valves and other devices shall  be installed with 

due regard for ease in reading or operating and mai ntaining said 
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devices. Thermometers and gages shall be located an d positioned to be 

easily read by operator or staff standing on floor or walkway provided. 

Servicing shall not require dismantling adjacent eq uipment or pipe 

work. 

K.  Interconnection of Controls and Instruments: Electr ical interconnection 

is generally not shown but shall be provided. This includes 

interconnections of sensors, transmitters, transduc ers, control 

devices, control and instrumentation panels, alarms , instruments and 

computer workstations. Comply with NFPA 70. 

L.  Many plumbing systems interface with the HVAC contr ol system. See the 

HVAC control points list and Section 23 09 23, DIRE CT DIGITAL CONTROL 

SYSTEM FOR HVAC. 

M.  Work in Existing Building: 

1.  Perform as specified in Article, OPERATIONS AND STO RAGE AREAS, 

Article, ALTERATIONS, and Article, RESTORATION of t he Section 01 00 

00, GENERAL REQUIREMENTS for relocation of existing  equipment, 

alterations and restoration of existing building(s) . 

2.  As specified in Section 01 00 00, GENERAL REQUIREME NTS, Article, 

OPERATIONS AND STORAGE AREAS, make alterations to e xisting service 

piping at times that will cause the least interfere  with normal 

operation of the facility. 

N.  Not Used 

O.  Work in bathrooms, restrooms, housekeeping closets:  All pipe 

penetrations behind escutcheons shall be sealed wit h plumbers putty. 

P.  Switchgear Drip Protection: Every effort shall be m ade to eliminate the 

installation of pipe above data equipment, and elec trical and telephone 

switchgear. If this is not possible, encase pipe in  a second pipe with 

a minimum of joints. Drain valve shall be provided in low point of 

casement pipe. 

Q.  Inaccessible Equipment: 

1.  Where the Government determines that the Contractor  has installed 

equipment not conveniently accessible for operation  and maintenance, 

equipment shall be removed and reinstalled or remed ial action 

performed as directed at no additional cost or addi tional time to 

the Government. 

2.  The term "conveniently accessible" is defined as ca pable of being 

reached without the use of ladders, or without clim bing or crawling 
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under or over obstacles such as electrical conduit,  motors, fans, 

pumps, belt guards, transformers, high voltage line s, piping, and 

ductwork. 

3.2  TEMPORARY PIPING AND EQUIPMENT 

A.  Continuity of operation of existing facilities may require temporary 

installation or relocation of equipment and piping.  Temporary equipment 

or pipe installation or relocation shall be provide d to maintain 

continuity of operation of existing facilities. 

B.  The Contractor shall provide all required facilitie s in accordance with 

the requirements of phased construction and mainten ance of service. All 

piping and equipment shall be properly supported, s loped to drain, 

operate without excessive stress, and shall be insu lated where injury 

can occur to personnel by contact with operating fa cilities. The 

requirements of paragraph 3.1 shall apply. 

C.  Temporary facilities and piping shall be completely  removed back to the 

nearest active distribution branch or main pipe lin e and any openings 

in structures sealed. Dead legs are not allowed in potable water 

systems. Necessary blind flanges and caps shall be provided to seal 

open piping remaining in service. 

3.3  RIGGING 

A.  Openings in building structures shall be planned to  accommodate design 

scheme. 

B.  Alternative methods of equipment delivery may be of fered and will be 

considered by Government under specified restrictio ns of phasing and 

service requirements as well as structural integrit y of the building. 

C.  All openings in the building shall be closed when n ot required for 

rigging operations to maintain proper environment i n the facility for 

Government operation and maintenance of service. 

D.  Contractor shall provide all facilities required to  deliver specified 

equipment and place on foundations. Attachments to structures for 

rigging purposes and support of equipment on struct ures shall be 

Contractor's full responsibility. 

E.  Contractor shall check all clearances, weight limit ations and shall 

provide a rigging plan designed by a Registered Pro fessional Engineer. 

All modifications to structures, including reinforc ement thereof, shall 

be at Contractor's cost, time and responsibility. 
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F.  Rigging plan and methods shall be referred to COR f or evaluation prior 

to actual work. 

3.4  PIPE AND EQUIPMENT SUPPORTS 

A.  Where hanger spacing does not correspond with joist  or rib spacing, use 

structural steel channels secured directly to joist  and rib structure 

that will correspond to the required hanger spacing , and then suspend 

the equipment and piping from the channels. Holes s hall be drilled or 

burned in structural steel ONLY with the prior writ ten approval of the 

COR. 

B.  The use of chain pipe supports, wire or strap hange rs; wood for 

blocking, stays and bracing, or hangers suspended f rom piping above 

shall not be permitted. Rusty products shall be rep laced. 

C.  Hanger rods shall be used that are straight and ver tical. Turnbuckles 

for vertical adjustments may be omitted where limit ed space prevents 

use. A minimum of 15 mm (1/2 inch) clearance betwee n pipe or piping 

covering and adjacent work shall be provided. 

D.  For horizontal and vertical plumbing pipe supports,  refer to the 

International Plumbing Code (IPC) and these specifi cations. 

E.  Overhead Supports: 

1.  The basic structural system of the building is desi gned to sustain 

the loads imposed by equipment and piping to be sup ported overhead. 

2.  Provide steel structural members, in addition to th ose shown, of 

adequate capability to support the imposed loads, l ocated in 

accordance with the final approved layout of equipm ent and piping. 

3.  Tubing and capillary systems shall be supported in channel troughs. 

F.  Floor Supports: 

1.  Provide concrete bases, concrete anchor blocks and pedestals, and 

structural steel systems for support of equipment a nd piping. 

Concrete bases and structural systems shall be anch ored and doweled 

to resist forces under operating and seismic condit ions (if 

applicable) without excessive displacement or struc tural failure. 

2.  Bases and supports shall not be located and install ed until 

equipment mounted thereon has been approved. Bases shall be sized to 

match equipment mounted thereon plus 50 mm (2 inch)  excess on all 

edges. Structural drawings shall be reviewed for ad ditional 

requirements. Bases shall be neatly finished and sm oothed, shall 

have chamfered edges at the top, and shall be suita ble for painting. 
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3.  All equipment shall be shimmed, leveled, firmly anc hored, and 

grouted with epoxy grout. Anchor bolts shall be pla ced in sleeves, 

anchored to the bases. Fill the annular space betwe en sleeves and 

bolts with a grout material to permit alignment and  realignment. 

4.  Not Used 

3.5  LUBRICATION 

A.  All equipment and devices requiring lubrication sha ll be lubricated 

prior to initial operation. All devices and equipme nt shall be field 

checked for proper lubrication. 

B.  All devices and equipment shall be equipped with re quired lubrication 

fittings. A minimum of one liter (one quart) of oil  and 0.45 kg (1 

pound) of grease of manufacturer's recommended grad e and type for each 

different application shall be provided. All materi als shall be 

delivered to COR in unopened containers that are pr operly identified as 

to application. 

C.  A separate grease gun with attachments for applicab le fittings shall be 

provided for each type of grease applied. 

D.  All lubrication points shall be accessible without disassembling 

equipment, except to remove access plates. 

E.  All lubrication points shall be extended to one sid e of the equipment. 

3.6  PLUMBING SYSTEMS DEMOLITION 

A.  Rigging access, other than indicated on the drawing s, shall be provided 

after approval for structural integrity by the COR.  Such access shall 

be provided without additional cost or time to the Government.  

B.  Not Used  

C.  Unless specified otherwise, all piping, wiring, con duit, and other 

devices associated with the equipment not re-used i n the new work shall 

be completely removed from Government property per Section 01 74 19, 

CONSTRUCTION WASTE MANAGEMENT. This includes all co ncrete equipment 

pads, pipe, valves, fittings, insulation, and all h angers including the 

top connection and any fastenings to building struc tural systems. All 

openings shall be sealed after removal of equipment , pipes, ducts, and 

other penetrations in roof, walls, floors, in an ap proved manner and in 

accordance with plans and specifications where spec ifically covered. 

Structural integrity of the building system shall b e maintained. 

Reference shall also be made to the drawings and sp ecifications of the 
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other disciplines in the project for additional fac ilities to be 

demolished or handled. 

D.  All valves including gate, globe, ball, butterfly a nd check, all 

pressure gages and thermometers with wells shall re main Government 

property and shall be removed and delivered to COR and stored as 

directed. The Contractor shall remove all other mat erial and equipment, 

devices and demolition debris under these plans and  specifications. 

Such material shall be removed from Government prop erty expeditiously 

and shall not be allowed to accumulate. Coordinate with the COR and 

Infection Control. 

E.  Asbestos Insulation Removal: Conform to Section 02 82 11, TRADITIONAL 

ASBESTOS ABATEMENT. 

3.7  CLEANING AND PAINTING 

A.  Prior to final inspection and acceptance of the pla nt and facilities 

for beneficial use by the Government, the plant fac ilities, equipment 

and systems shall be thoroughly cleaned and painted . Refer to Section 

09 91 00, PAINTING. 

B.  In addition, the following special conditions apply : 

1.  Cleaning shall be thorough. Solvents, cleaning mate rials and methods 

recommended by the manufacturers shall be used for the specific 

tasks. All rust shall be removed prior to painting and from surfaces 

to remain unpainted. Scratches, scuffs, and abrasio ns shall be 

repaired prior to applying prime and finish coats. 

2.  The following Material and Equipment shall NOT be p ainted: 

a.  Motors, controllers, control switches, and safety s witches. 

b.  Control and interlock devices. 

c.  Regulators. 

d.  Pressure reducing valves. 

e.  Control valves and thermostatic elements. 

f.  Lubrication devices and grease fittings. 

g.  Copper, brass, aluminum, stainless steel and bronze  surfaces. 

h.  Valve stems and rotating shafts. 

i.  Pressure gages and thermometers. 

j.  Glass. 

k.  Name plates. 
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3.  Control and instrument panels shall be cleaned and damaged surfaces 

repaired. Touch-up painting shall be made with matc hing paint type 

and color obtained from manufacturer or computer ma tched. 

4.  Pumps, motors, steel and cast iron bases, and coupl ing guards shall 

be cleaned, and shall be touched-up with the same p aint type and 

color as utilized by the pump manufacturer. 

5.  Temporary Facilities: Apply paint to surfaces that do not have 

existing finish coats per Section 09 91 00, Paintin g. 

6.  The final result shall be a smooth, even-colored, e ven-textured 

factory finish on all items. The entire piece of eq uipment shall be 

repainted, if necessary, to achieve this. Lead base d paints shall 

not be used. 

3.8  IDENTIFICATION SIGNS 

A.  Laminated plastic signs, with engraved lettering no t less than 7 mm 

(3/16 inch) high, shall be provided that designates  equipment function, 

for all equipment, switches, motor controllers, rel ays, meters, control 

devices, including automatic control valves. Nomenc lature and 

identification symbols shall correspond to that use d in maintenance 

manual, and in diagrams specified elsewhere. Attach  by chain, adhesive, 

or screws. 

B.  Factory Built Equipment: Metal plate, securely atta ched, with name and 

address of manufacturer, serial number, model numbe r, size, and 

performance data shall be placed on factory built e quipment. 

C.  Pipe Identification: Refer to Section 09 91 00, PAI NTING. 

3.9  STARTUP AND TEMPORARY OPERATION 

A.  Startup of equipment shall be performed as describe d in the equipment 

specifications. Vibration within specified toleranc e shall be verified 

prior to extended operation. Temporary use of equip ment is specified in 

Section 01 00 00, GENERAL REQUIREMENTS, Article, TE MPORARY USE OF 

MECHANICAL AND ELECTRICAL EQUIPMENT. 

B.  The commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the Contracting Officer’s Representa tive and 

Commissioning Agent. Provide a minimum of four week s prior notice. 
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3.10  OPERATING AND PERFORMANCE TESTS 

A.  Prior to the final inspection, all required tests s hall be performed as 

specified in Section 01 00 00, GENERAL REQUIREMENTS , Article, TESTS and 

submit the test reports and records to the COR. 

B.  Should evidence of malfunction in any tested system , or piece of 

equipment or component part thereof, occur during o r as a result of 

tests, make proper corrections, repairs or replacem ents, and repeat 

tests at no additional cost to the Government. 

C.  When completion of certain work or systems occurs a t a time when final 

control settings and adjustments cannot be properly  made to make 

performance tests, then conduct such performance te sts and finalize 

control settings during the first actual seasonal u se of the respective 

systems following completion of work. Rescheduling of these tests shall 

be requested in writing to COR for approval. 

D.  Perform tests as required for commissioning provisi ons in accordance 

with Section 22 08 00, COMMISSIONING OF PLUMBING SY STEMS and Section 01 

91 00, GENERAL COMMISSIONING REQUIREMENTS. 

3.11  OPERATION AND MAINTENANCE MANUALS 

A.  All new and temporary equipment and all elements of  each assembly shall 

be included. 

B.  Data sheet on each device listing model, size, capa city, pressure, 

speed, horsepower, impeller size, and other informa tion shall be 

included. 

C.  Manufacturer’s installation, maintenance, repair, a nd operation 

instructions for each device shall be included. Ass embly drawings and 

parts lists shall also be included. A summary of op erating precautions 

and reasons for precautions shall be included in th e Operations and 

Maintenance Manual. 

D.  Lubrication instructions, type and quantity of lubr icant shall be 

included. 

E.  Schematic diagrams and wiring diagrams of all contr ol systems corrected 

to include all field modifications shall be include d. 

F.  Set points of all interlock devices shall be listed . 

G.  Trouble-shooting guide for the control system troub leshooting shall be 

inserted into the Operations and Maintenance Manual . 
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H.  The control system sequence of operation corrected with submittal 

review comments shall be inserted into the Operatio ns and Maintenance 

Manual. 

I.  Emergency procedures for shutdown and startup of eq uipment and systems. 

3.12  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.13  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA Personnel in operation and mai ntenance of the 

system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

- - - E N D - - - 
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SECTION 22 05 12 
GENERAL MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT 

 

PART 1 -  GENERAL 

1.1 DESCRIPTION 

A.  This section describes the general motor requiremen ts for plumbing 

equipment and applies to all sections of Division 2 2. 

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2 RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . 

F.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS. 

G.  Not Used 

H.  Section 26 29 11, MOTOR CONTROLLERS: Starters, cont rol and protection 

of motors. 

1.3 APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  American Bearing Manufacturers Association (ABMA): 

ABMA 9–1990 (R2008).....Load Ratings and Fatigue Li fe for Ball Bearings 

C.  Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

841-2009................IEEE Standard for Petroleum  and Chemical 

Industry-Premium-Efficiency, Severe-Duty, 

Totally Enclosed Fan-Cooled (TEFC) Squirrel 

Cage Induction Motors--Up to and Including 370 

kW (500 HP) 

D.  International Code Council (ICC): 

IPC-2012................International Plumbing Code  

E.  National Electrical Manufacturers Association (NEMA ): 

MG 1-2011...............Motors and Generators 
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MG 2-2001 (R2007).......Safety Standard for Constru ction and Guide for 

Selection, Installation and Use of Electric 

Motors and Generators 

250-2008................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

F.  National Fire Protection Association (NFPA): 

70-2011.................National Electrical Code (N EC) 

1.4 SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 05 12, GENERAL MOTOR RE QUIREMENTS FOR 

PLUMBING EQUIPMENT”, with applicable paragraph iden tification. 

C.  Shop Drawings:  

1.  Sufficient information, clearly presented, shall be  included to 

determine compliance with drawings and specificatio ns. 

2.  Motor nameplate information shall be submitted incl uding electrical 

ratings, dimensions, mounting details, materials, h orsepower, power 

factor, current as a function of speed, current eff iciency, speed as 

a function of load, RPM, enclosure, starting charac teristics, torque 

characteristics, code letter, full load and locked rotor current, 

service factor, and lubrication method. 

3.  Motor parameters required for the determination of the Reed Critical 

Frequency of vertical hollow shaft motors shall be submitted. 

D.  Operating and Maintenance Manuals: Companion copies  of complete 

maintenance and operating manuals, including techni cal data sheets and 

application data shall be submitted simultaneously with the shop 

drawings. Complete operating and maintenance manual s including wiring 

diagrams, technical data sheets and information for  ordering 

replaceable parts: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance.  



09-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

22 05 12 - 3 

E.  Certification: Two weeks prior to final inspection,  unless otherwise 

noted, the following certification shall be submitt ed to the 

Contracting Officer’s Representative (COR). 

1.  Certification shall be submitted stating that the m otors have been 

properly applied, installed, adjusted, lubricated, and tested. 

1.5 QUALITY ASSURANCE 

A.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

PART 2 -  PRODUCTS 

2.1 MOTORS 

A.  For alternating current, fractional and integral ho rsepower motors, 

NEMA MG 1 and NEMA MG 2 shall apply. 

B.  For severe duty totally enclosed motors, IEEE 841 s hall apply. 

C.  Voltage ratings shall be as follows: 

1.  Single phase: 

a.  Motors connected to 120-volt systems: 115 volts. 

b.  Motors connected to 208-volt systems: 200 volts. 

c.  Motors connected to 240-volt or 480-volt systems: 2 30/460 volts, 

dual connection. 

2.  Three phase: 

a.  Motors connected to 208-volt systems: 200 volts. 

b.  Motors, less than 74.6 kW (100 HP), connected to 24 0-volt or 480-

volt systems: 230/460 volts, dual connection. 

c.  Not Used 

d.  Not Used 

e.  Not Used 

D.  Number of phases shall be as follows: 

1.  Motors, less than 373 W (1/2 HP): Single phase. 

2.  Motors, 373 W (1/2 HP) and larger: 3 phase. 

3.  Exceptions: 

a.  Hermetically sealed motors. 
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b.  Motors for equipment assemblies, less than 746 W (1  HP), may be 

single phase provided the manufacturer of the propo sed assemblies 

cannot supply the assemblies with three phase motor s. 

E.  Horsepower ratings shall be adequate for operating the connected loads 

continuously in the prevailing ambient temperatures  in areas where the 

motors are installed, without exceeding the NEMA st andard temperature 

rises for the motor insulation. 

F.  Motor designs, as indicated by the NEMA code letter s, shall be 

coordinated with the connected loads to assure adeq uate starting, 

acceleration and running torque without exceeding n ameplate ratings or 

considering service factor. 

G.  Motor Enclosures: 

1.  Shall be the NEMA types shown on the drawings for t he motors. 

2.  Where the types of motor enclosures are not shown o n the drawings, 

they shall be the NEMA types per NEMA 250, which ar e most suitable 

for the environmental conditions where the motors a re being 

installed. 

3.  Enclosures shall be primed and finish coated at the  factory with 

manufacturer's prime coat and standard finish. 

4.  All motors in hazardous locations shall be approved  for the 

application and meet the Class and Group as require d by the area 

classification. 

H.  Electrical Design Requirements: 

1.  Motors shall be continuous duty. 

2.  The insulation system shall be rated minimum of Cla ss B, 130 degrees 

C (266 degrees F). 

3.  The maximum temperature rise by resistance at rated  power shall not 

exceed Class B limits, 80 degrees C (144 degrees F) . 

4.  The speed/torque and speed/current characteristics shall comply with 

NEMA Design A or B, as specified. 

5.  Motors shall be suitable for full voltage starting,  unless otherwise 

noted. Coordinate motor features with applicable mo tor controllers. 

6.  Motors for variable frequency drive applications sh all adhere to 

NEMA MG 1, Part 30, Application Considerations for Constant Speed 

Motors Used on a Sinusoidal Bus with Harmonic Conte nt and General 

Purpose Motors Used with Adjustable Voltage or Adju stable Frequency 
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Controls, or both, or NEMA MG 1, Part 31, Definite Purpose Inverter 

Fed Polyphase Motors. 

I.  Mechanical Design Requirements: 

1.  Bearings shall be rated for a minimum fatigue life of 26,280 hours 

for belt-driven loads and 100,000 hours for direct- drive loads based 

on L10 (Basic Rating Life) at full load direct coup led, except 

vertical high thrust motors which require a 40,000 hour rating. A 

minimum fatigue life of 40,000 hours is required fo r VFD drives. 

2.  Vertical motors shall be capable of withstanding a momentary up 

thrust of at least 30 percent of normal down thrust . 

3.  Grease lubricated bearings shall be designed for el ectric motor use. 

Grease shall be capable of the temperatures associa ted with electric 

motors and shall be compatible with Polyurea based greases. 

4.  Grease fittings, if provided, shall be Alemite type  or equivalent. 

5.  Oil lubricated bearings, when specified, shall have  an externally 

visible sight glass to view oil level. 

6.  Vibration shall not exceed 3.8 mm (0.15 inch) per s econd, unfiltered 

peak. 

7.  Noise level shall meet the requirements of the appl ication. 

8.  Motors on 180 frames and larger shall have provisio ns for lifting 

eyes or lugs capable of a safety factor of 5. 

9.  All external fasteners shall be corrosion resistant . 

10.  Condensation heaters, when specified, shall keep mo tor windings at 

least 5 degrees C (9 degrees F) above ambient tempe rature. 

11.  Winding thermostats, when specified shall be normal ly closed, 

connected in series. 

12.  Grounding provisions shall be in the main terminal box. 

J.  Additional requirements for specific motors, as ind icated in other 

sections, shall also apply. 

K.  NEMA Premium Efficiency Electric Motors, Motor Effi ciencies: All 

permanently wired polyphase motors of 746 W (1 HP) or more shall meet 

the minimum full-load efficiencies as indicated in the following table, 

and as specified in this specification. Motors of 7 46 W (1 HP) or more 

with open, drip-proof or totally enclosed fan-coole d enclosures shall 

be NEMA premium efficiency type, unless otherwise i ndicated. Motors 

provided as an integral part of motor driven equipm ent are excluded 

from this requirement if a minimum seasonal or over all efficiency 
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requirement is indicated for that equipment by the provisions of 

another section. 

Minimum Efficiencies 

Open Drip-Proof 

Minimum Efficiencies 

Totally Enclosed Fan-Cooled 

Rating 
kW (HP) 

1200 
RPM 

1800 
RPM 

3600 
RPM 

Rating 
kW (HP) 

1200 
RPM 

1800 
RPM 

3600 
RPM 

0.746 (1) 82.5% 85.5% 77.0% 0.746 (1) 82.5% 85.5% 7 7.0% 

1.12 (1.5) 86.5% 86.5% 84.0% 1.12 (1.5) 87.5% 86.5%  84.0% 

1.49 (2) 87.5% 86.5% 85.5% 1.49 (2) 88.5% 86.5% 85. 5% 

2.24 (3) 88.5% 89.5% 85.5% 2.24 (3) 89.5% 89.5% 86. 5% 

3.73 (5) 89.5% 89.5% 86.5% 3.73 (5) 89.5% 89.5% 88. 5% 

5.60 (7.5) 90.2% 91.0% 88.5% 5.60 (7.5) 91.0% 91.7%  89.5% 

7.46 (10) 91.7% 91.7% 89.5% 7.46 (10) 91.0% 91.7% 9 0.2% 

11.2 (15) 91.7% 93.0% 90.2% 11.2 (15) 91.7% 92.4% 9 1.0% 

14.9 (20) 92.4% 93.0% 91.0% 14.9 (20) 91.7% 93.0% 9 1.0% 

18.7 (25) 93.0% 93.6% 91.7% 18.7 (25) 93.0% 93.6% 9 1.7% 

22.4 (30) 93.6% 94.1% 91.7% 22.4 (30) 93.0% 93.6% 9 1.7% 

29.8 (40) 94.1% 94.1% 92.4% 29.8 (40) 94.1% 94.1% 9 2.4% 

37.3 (50) 94.1% 94.5% 93.0% 37.3 (50) 94.1% 94.5% 9 3.0% 

44.8 (60) 94.5% 95.0% 93.6% 44.8 (60) 94.5% 95.0% 9 3.6% 

56.9 (75) 94.5% 95.0% 93.6% 56.9 (75) 94.5% 95.4% 9 3.6% 

74.6 (100) 95.0% 95.4% 93.6% 74.6 (100) 95.0% 95.4%  94.1% 

93.3 (125) 95.0% 95.4% 94.1% 93.3 (125) 95.0% 95.4%  95.0% 

112 (150) 95.4% 95.8% 94.1% 112 (150) 95.8% 95.8% 9 5.0% 

149.2 (200)  95.4% 95.8% 95.0% 149.2 (200)  95.8% 96.2% 95.4% 

 

L.  Minimum Power Factor at Full Load and Rated Voltage : 90 percent at 1200 

RPM, 1800 RPM and 3600 RPM. Power factor correction  capacitors shall be 

installed unless the motor is controlled by a varia ble frequency drive. 

The power factor correction capacitors shall be abl e to withstand high 

voltage transients and power line variations withou t breakdown. 

PART 3 -  EXECUTION 

3.1 INSTALLATION 

A.  Install motors in accordance with manufacturer’s re commendations, the 

NEC, NEMA, as shown on the drawings and/or as requi red by other 

sections of these specifications. 
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B.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no cost to the Governme nt. 

3.2 FIELD TESTS 

Megger all motors after installation, before start- up. All shall test 

free from grounds. 

3.3 COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

- - - E N D - - - 
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SECTION 22 05 23 
GENERAL-DUTY VALVES FOR PLUMBING PIPING 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section describes the requirements for general -duty valves for 

domestic water and sewer systems. 

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA AND S AMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.   

F.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  American Society of Mechanical Engineers (ASME): 

A112.14.1-2003..........Backwater Valves 

C.  American Society of Sanitary Engineering (ASSE): 

1001-2008...............Performance Requirements fo r Atmospheric Type 

Vacuum Breakers 

1003-2009...............Performance Requirements fo r Water Pressure 

Reducing Valves for Domestic Water Distribution 

Systems 

1011-2004...............Performance Requirements fo r Hose Connection 

Vacuum Breakers 

1013-2011...............Performance Requirements fo r Reduced Pressure 

Principle Backflow Preventers and Reduced 

Pressure Principle Fire Protection Backflow 

Preventers 

1015-2011...............Performance Requirements fo r Double Check 

Backflow Prevention Assemblies and Double Check 

Fire Protection Backflow Prevention Assemblies 
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1017-2009...............Performance Requirements fo r Temperature 

Actuated Mixing Valves for Hot Water 

Distribution Systems 

1020-2004...............Performance Requirements fo r Pressure Vacuum 

Breaker Assembly 

1035-2008...............Performance Requirements fo r Laboratory Faucet 

Backflow Preventers 

1069-2005...............Performance Requirements fo r Automatic 

Temperature Control Mixing Valves 

1070-2004...............Performance Requirements fo r Water Temperature 

Limiting Devices 

1071-2012...............Performance Requirements fo r Temperature 

Actuated Mixing Valves for Plumbed Emergency 

Equipment 

D.  American Society for Testing and Materials (ASTM): 

A126-2004(R2009)........Standard Specification for Gray Iron Castings 

for Valves, Flanges, and Pipe Fittings 

A276-2013a..............Standard Specification for Stainless Steel Bars 

and Shapes 

A536-1984(R2009)........Standard Specification for Ductile Iron 

Castings 

B62-2009................Standard Specification for Composition Bronze 

or Ounce Metal Castings 

B584-2013...............Standard Specification for Copper Alloy Sand 

Castings for General Applications 

E.  International Code Council (ICC): 

IPC-2012................International Plumbing Code  

F.  Manufacturers Standardization Society of the Valve and Fittings 

Industry, Inc. (MSS): 

SP-25-2008..............Standard Marking Systems fo r Valves, Fittings, 

Flanges and Unions 

SP-67-2011..............Butterfly Valves 

SP-70-2011..............Gray Iron Gate Valves, Flan ged and Threaded 

Ends 

SP-71-2011..............Gray Iron Swing Check Valve s, Flanged and 

Threaded Ends 

SP-80-2013..............Bronze Gate, Globe, Angle, and Check Valves 
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SP-85-2011..............Gray Iron Globe & Angle Val ves, Flanged and 

Threaded Ends 

SP-110-2010.............Ball Valves Threaded, Socke t-Welding, Solder 

Joint, Grooved and Flared Ends 

G.  National Environmental Balancing Bureau (NEBB): 

7th Edition 2005 Procedural Standards for Testing, Adjusting, 

Balancing of Environmental Systems 

H.  NSF International (NSF): 

61-2012.................Drinking Water System Compo nents – Health 

Effects 

372-2011................Drinking Water System Compo nents – Lead Content 

I.  University of Southern California Foundation for Cr oss Connection 

Control and Hydraulic Research (USC FCCCHR): 

9th Edition.............Manual of Cross-Connection Control 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, and 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 05 23, GENERAL-DUTY VAL VES FOR PLUMBING 

PIPING”, with applicable paragraph identification. 

C.  Manufacturer's Literature and Data Including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Ball Valves. 

2.  Gate Valves. 

3.  Butterfly Valves. 

4.  Balancing Valves. 

5.  Check Valves. 

6.  Globe Valves. 

7.  Water Pressure Reducing Valves and Connections. 

8.  Not Used 

9.  Backflow Preventers. 

10.  Not Used 

11.  Not Used  

D.  Test and Balance reports for balancing valves. 
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E.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets and information for ordering replaceable parts: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

4.  Not Used  

F.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the Contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS. 

G.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

1.5  DELIVERY, STORAGE, AND HANDLING 

A.  Valves shall be prepared for shipping as follows: 

1.  Protect internal parts against rust and corrosion. 

2.  Protect threads, flange faces, grooves, and weld en ds. 

3.  Set angle, gate, and globe valves closed to prevent  rattling. 

4.  Set ball and plug valves open to minimize exposure of functional 

surfaces. 

5.  Set butterfly valves closed or slightly open. 

6.  Block check valves in either closed or open positio n. 

B.  Valves shall be prepared for storage as follows: 

1.  Maintain valve end protection. 

2.  Store valves indoors and maintain at higher than am bient dew point 

temperature. 

C.  A sling shall be used for large valves. The sling s hall be rigged to 

avoid damage to exposed parts. Hand wheels or stems  shall not be used 

as lifting or rigging points. 

PART 2 -  PRODUCTS 

2.1  VALVES, GENERAL 

A.  Asbestos packing and gaskets are prohibited. 

B.  Bronze valves shall be made with dezincification re sistant materials. 

Bronze valves made with copper alloy (brass) contai ning more than 15 

percent zinc shall not be permitted. 
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C.  Valves in insulated piping shall have 50 mm or DN50  (2 inch) stem 

extensions and extended handles of non-thermal cond uctive material that 

allows operating the valve without breaking the vap or seal or 

disturbing the insulation. Memory stops shall be fu lly adjustable after 

insulation is applied. 

D.  Exposed Valves over 65 mm or DN65 (2-1/2 inches) in stalled at an 

elevation over 3.6 m (12 feet) shall have a chain-w heel attachment to 

valve hand-wheel, stem, or other actuator. 

E.  All valves used to supply potable water shall meet the requirements of 

NSF 61 and NSF 372. 

F.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

2.2  SHUT-OFF VALVES 

A.  Cold, Hot and Re-circulating Hot Water: 

1.  50 mm or DN50 (2 inches) and smaller: Ball, MSS SP- 110, Ball valve 

shall be full port three piece or two piece with a union design with 

adjustable stem package. Threaded stem designs are not allowed. The 

ball valve shall have a SWP rating of 1035 kPa (150  psig) and a CWP 

rating of 4138 kPa (600 psig). The body material sh all be Bronze 

ASTM B584, Alloy C844. The ends shall be non-lead s older. 

2.  Less than 100 mm DN100 (4 inches): Butterfly shall have an iron body 

with EPDM seal and aluminum bronze disc. The butter fly valve shall 

meet MSS SP-67, type I standard. The butterfly valv e shall have a 

SWP rating of 1380 kPa (200 psig). The valve design  shall be lug 

type suitable for bidirectional dead-end service at  rated pressure. 

The body material shall meet ASTM A536, ductile iro n. 

3.  Not Used 

B.  Not Used 

2.3  BALANCING VALVES 

A.  Hot Water Re-circulating, 75 mm or DN75 (3 inches) and smaller manual 

balancing valve shall be of bronze body, brass ball  construction with 

glass and carbon filled TFE seat rings and designed  for positive 

shutoff. The manual balancing valve shall have diff erential pressure 
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read-out ports across the valve seat area. The read  out ports shall be 

fitting with internal EPT inserts and check valves.  The valve body 

shall have 8 mm or DN8 NPT (1/4 inch NPT) tapped dr ain and purge port. 

The valves shall have memory stops that allow the v alve to close for 

service and then reopened to set point without dist urbing the balance 

position. All valves shall have calibrated nameplat es to assure 

specific valve settings. 

B.  Not Used  

2.4  CHECK VALVES 

A.  75 mm or DN75 (3 inches) and smaller shall be Class  125, bronze swing 

check valves with non-metallic disc suitable for ty pe of service. The 

check valve shall meet MSS SP-80 Type 4 standard. T he check valve shall 

have a CWP rating of 1380 kPa (200 psig). The check  valve shall have a 

Y pattern horizontal body design with bronze body m aterial conforming 

to ASTM B62, solder joints, and PTFE or TFE disc. 

B.  Not Used 

2.5  GLOBE VALVES 

A.  75 mm or DN75 (3 inches) or smaller: Class 150, bro nze globe valve with 

non-metallic disc. The globe valve shall meet MSS S P-80, Type 2 

standard. The globe valve shall have a CWP rating o f 2070 kPa (300 

psig). The valve material shall be bronze with inte gral seal and union 

ring bonnet conforming to ASTM B62 with solder ends , copper-silicon 

bronze stem, PTFE or TFE disc, and malleable iron h and wheel. 

B.  Not Used 

2.6  WATER PRESSURE REDUCING VALVE AND CONNECTIONS 

A.  75 mm or DN75 (3 inches) or smaller: The pressure r educing valve shall 

consist of a bronze body and bell housing, a separa te access cover for 

the plunger, and a bolt to adjust the downstream pr essure. The pressure 

reducing valve shall meet ASSE 1003. The bronze bel l housing and access 

cap shall be threaded to the body and shall not req uire the use of 

ferrous screws. The assembly shall be of the balanc ed piston design and 

shall reduce pressure in both flow and no flow cond itions. The assembly 

shall be accessible for maintenance without having to remove the body 

from the line. 

B.  Not Used  

C.  The regulator shall have a tap for pressure gauge. 
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D.  The regulator shall have a temperature rating of 10 0 degrees C (212 

degrees F) for hot water or hot water return servic e. Pressure 

regulators shall have accurate pressure regulation to 6.9 kPa (+/- 1 

psig). 

E.  Setting: Entering water pressure, discharge pressur e, capacity, size, 

and related measurements shall be as shown on the d rawings. 

F.  Connections Valves and Strainers: Shut off valves s hall be installed on 

each side of reducing valve and a bypass line equal  in size to the 

regulator inlet pipe shall be installed with a norm ally closed globe 

valve. A strainer shall be installed on inlet side of, and same size as 

pressure reducing valve. A pressure gage shall be i nstalled on the 

inlet and outlet of the valve. 

2.7  BACKWATER VALVE – NOT USED 

2.8  BACKFLOW PREVENTERS 

A.  A backflow prevention assembly shall be installed a t any point in the 

plumbing system where the potable water supply come s in contact with a 

potential source of contamination. The backflow pre vention assembly 

shall be approved by the University of Southern Cal ifornia Foundation 

for Cross Connection Control and Hydraulic Research  (USCFCCC). 

B.  The reduced pressure principle backflow prevention assembly shall be 

ASSE listed 1013 with full port OS&Y positive-seal resilient gate 

valves and an integral relief monitor switch. The m ain body and access 

cover shall be epoxy coated ductile iron conforming  to ASTM A536 grade 

4. The seat ring and check valve shall be the therm oplastic type suited 

for water service. The stem shall be stainless stee l conforming to ASTM 

A276. The seat disc shall be the elastomer type sui ted for water 

service. The checks and the relief valve shall be a ccessible for 

maintenance without removing the device from the li ne. An epoxy coated 

wye type strainer with flanged connections shall be  installed on the 

inlet. Reduced pressure backflow preventers shall b e installed in the 

following applications. 

1.  Not Used  

2.  Not Used  

3.  Not Used  

4.  Not Used  

5.  Water make up to heating systems, cooling tower, ch illed water 

system, generators, and similar equipment consuming  water. 
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6.  Not Used  

7.  Not Used  

8.  Not Used  

9.  Not Used  

10.  Not Used  

11.  Not Used  

12.  Not Used  

C.  The pipe applied or integral atmospheric vacuum bre aker shall be ASSE 

listed 1001. The main body shall be cast bronze. Th e seat disc shall be 

the elastomer type suited for water service. The de vice shall be 

accessible for maintenance without removing the dev ice from the service 

line. The installation shall not be in a concealed or inaccessible 

location or where the venting of water from the dev ice during normal 

operation is deemed objectionable. Atmospheric vacu um breakers shall be 

installed in the following applications. 

1.  Hose bibs and sinks with threaded outlets. 

2.  Not Used  

3.  Not Used  

4.  Not Used  

5.  Not Used  

6.  Not Used  

7.  Not Used  

8.  Not Used  

9.  Not Used  

10.  Not Used  

11.  Not Used  

12.  Not Used  

13.  Not Used  

D.  The hose connection vacuum breaker shall be ASSE li sted 1011. The main 

body shall be cast brass with stainless steel worki ng parts. The 

diaphragm and disc shall be the elastomer type suit ed for water 

service. The device shall permit the attachment of portable hoses to 

hose thread outlets. Hose connection vacuum breaker s shall be installed 

in the following locations requiring non-continuous  pressure: 

1.  Hose bibbs and wall hydrants. 

E.  Not Used  

F.  Not Used  
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G.  Not Used  

2.9  CHAINWHEELS – NOT USED 

2.10  THERMOSTATIC MIXING VALVES – NOT USED  

PART 3 -  EXECUTION 

3.1  EXAMINATION 

A.  Valve interior shall be examined for cleanliness, f reedom from foreign 

matter, and corrosion. Special packing materials sh all be removed, such 

as blocks, used to prevent disc movement during shi pping and handling. 

B.  Valves shall be operated in positions from fully op en to fully closed. 

Guides and seats shall be examined and made accessi ble by such 

operations. 

C.  Threads on valve and mating pipe shall be examined for form and 

cleanliness. 

D.  Mating flange faces shall be examined for condition s that might cause 

leakage. Bolting shall be checked for proper size, length, and 

material. Gaskets shall be verified for proper size  and that its 

material composition is suitable for service and fr ee from defects and 

damage. 

E.  Do not attempt to repair defective valves; replace with new valves. 

3.2  INSTALLATION 

A.  Install valves with unions or flanges at each piece  of equipment 

arranged to allow service, maintenance, and equipme nt removal without 

system shutdown. 

B.  Valves shall be located for easy access and shall b e provide with 

separate support. Valves shall be accessible with a ccess doors when 

installed inside partitions or above hard ceilings.  

C.  Valves shall be installed in horizontal piping with  stem at or above 

center of pipe. 

D.  Valves shall be installed in a position to allow fu ll stem movement. 

E.  Not Used 

F.  Check valves shall be installed for proper directio n of flow and as 

follows: 

1.  Swing Check Valves: In horizontal position with hin ge pin level and 

on top of valve. 

G.  Install backflow preventers in each water supply to  mechanical 

equipment and systems and to other equipment and wa ter systems that may 

be sources of contamination. Comply with authoritie s having 
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jurisdiction. Locate backflow preventers in same ro om as connected 

equipment or system. 

1.  Install drain for backflow preventers with atmosphe ric-vent drain 

connection with air-gap fitting, fixed air-gap fitt ing, or 

equivalent positive pipe separation of at least two  pipe diameters 

in drain piping and pipe to floor drain. Locate air -gap device 

attached to or under backflow preventer. Simple air  breaks are not 

acceptable for this application. 

H.  Install pressure gages on outlet of backflow preven ters. 

I.  Do not install bypass piping around backflow preven ters. 

J.  Not Used  

K.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no cost to the Governme nt. 

3.3  LABELING AND IDENTIFYING 

A.  Equipment Nameplates and Signs: Install engraved pl astic-laminate 

equipment nameplate or sign on or near each of the following: 

1.  Calibrated balancing valves. 

2.  Not Used 

3.  Not Used  

B.  Distinguish among multiple units, inform operator o f operational 

requirements, indicate safety and emergency precaut ions, and warn of 

hazards and improper operations, in addition to ide ntifying unit. 

3.4  ADJUSTING 

A.  Valve packing shall be adjusted or replaced after p iping systems have 

been tested and put into service but before final a djusting and 

balancing. Valves shall be replaced if persistent l eaking occurs. 

B.  Set field-adjustable flow set points of balancing v alves and record 

data. Ensure recorded data represents actual measur ed or observed 

conditions. Permanently mark settings of valves and  other adjustment 

devices allowing settings to be restored. Set and l ock memory stops. 

After adjustment, take measurements to verify balan ce has not been 

disrupted or that such disruption has been rectifie d. 

C.  Not Used  

D.  Testing and adjusting of balancing valves shall be performed by an 

independent NEBB Accredited Test and Balance Contra ctor. A final 

settings and flow report shall be submitted to the VA Contracting 

Officer’s Representative (COR). 
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3.5  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.6  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA Personnel in operation and mai ntenance of the 

system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

- - E N D - - - 
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SECTION 22 07 11 
PLUMBING INSULATION 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Field applied insulation for thermal efficiency and  condensation 

control for the following: 

1.  Plumbing piping and equipment. 

2.  Re-insulation of plumbing piping and equipment afte r asbestos 

abatement and or replacement of any part of existin g insulation 

system (insulation, vapor retarder jacket, protecti ve 

coverings/jacket) damaged during construction. 

B.  Definitions: 

1.  ASJ: All Service Jacket, Kraft paper, white finish facing or jacket. 

2.  Air conditioned space: Space having air temperature  and/or humidity 

controlled by mechanical equipment. 

3.  All insulation systems installed within supply, ret urn, exhaust, 

relief and ventilation air plenums shall be limited  to uninhabited 

crawl spaces, areas above a ceiling or below the fl oor, attic 

spaces, interiors of air conditioned or heating duc ts, and 

mechanical equipment rooms shall be noncombustible or shall be 

listed and labeled as having a flame spread indexes  of not more than 

25 and a smoke-developed index of not more than 50 when tested in 

accordance with ASTM E84 or UL 723. Note: ICC IMC, Section 602.2.1. 

4.  Cold: Equipment or piping handling media at design temperature of 15 

degrees C (60 degrees F) or below. 

5.  Concealed: Piping above ceilings and in chases, int erstitial space 

and pipe spaces. 

6.  Exposed: Piping and equipment exposed to view in fi nished areas 

including mechanical equipment rooms or exposed to outdoor weather. 

Shafts, chases, interstitial spaces, unfinished att ics, crawl spaces 

and pipe basements are not considered finished area s. 

7.  FSK: Foil-scrim-Kraft facing. 

8.  Hot: Plumbing equipment or piping handling media ab ove 40 degrees C 

(104 degrees F). 

9.  Density: kg/m 3 - kilograms per cubic meter (Pcf - pounds per cubi c 

foot). 
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10.  Thermal conductance: Heat flow rate through materia ls. 

a.  Flat surface: Watts per square meter (BTU per hour per square 

foot). 

b.  Pipe or Cylinder: Watts per linear meter (BTU per h our per linear 

foot) for a given outside diameter. 

11.  Thermal Conductivity (k): Watts per meter, per degr ee K (BTU - inch 

thickness, per hour, per square foot, per degree F temperature 

difference). 

12.  Vapor Retarder (Vapor Barrier): A material which re tards the 

transmission (migration) of water vapor. Performanc e of the vapor 

retarder is rated in terms of permeance (perms). Fo r the purpose of 

this specification, vapor retarders/vapor barriers shall have a 

maximum published permeance of .02 perms. 

13.  HWR: Hot water recirculating. 

14.  CW: Cold water. 

15.  SW: Soft water. 

16.  HW: Hot water. 

17.  PVDC: Polyvinylidene chloride vapor retarder jacket ing, white. 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS: Insulation 

material and insulation production method. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 02 82 11, TRADITIONAL ASBESTOS ABATEMENT: I nsulation containing 

asbestos material. 

F.  Section 02 82 13.13, GLOVEBAG ASBESTOS ABATEMENT: I nsulation containing 

asbestos material. 

G.  Section 07 84 00, FIRESTOPPING: Mineral fiber and b ond breaker behind 

sealant.  

H.  Not Used 

I.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING:  General mechanical 

requirements and items, which are common to more th an one section of 

Division 22. 

J.  Not Used  

K.  Section 22 05 23, GENERAL-DUTY VALVES FOR PLUMBING PIPING: Hot and cold 

water piping. 
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L.  Not Used 

M.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . 

N.  Not Used 

O.  Not Used 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by basic 

designation only. 

B.  American Society for Testing and Materials (ASTM): 

B209-2014...............Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 

C411-2011...............Standard Test Method for Ho t-Surface 

Performance of High-Temperature Thermal 

Insulation 

C449-2007 (R2013).......Standard Specification for Mineral Fiber 

Hydraulic-Setting Thermal Insulating and 

Finishing Cement 

C450-2008 (R2014).......Standard Practice for Fabri cation of Thermal 

Insulating Fitting Covers for NPS Piping, and 

Vessel Lagging 

Adjunct to C450.........Compilation of Tables that Provide Recommended 

Dimensions for Prefab and Field Thermal 

Insulating Covers, etc. 

C533-2013...............Standard Specification for Calcium Silicate 

Block and Pipe Thermal Insulation 

C534/C534M-2014.........Standard Specification for Preformed Flexible 

Elastomeric Cellular Thermal Insulation in 

Sheet and Tubular Form 

C547-2015...............Standard Specification for Mineral Fiber Pipe 

Insulation 

C552-2014...............Standard Specification for Cellular Glass 

Thermal Insulation 

C553-2013...............Standard Specification for Mineral Fiber 

Blanket Thermal Insulation for Commercial and 

Industrial Applications 
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C591-2013...............Standard Specification for Unfaced Preformed 

Rigid Cellular Polyisocyanurate Thermal 

Insulation 

C680-2014...............Standard Practice for Estim ate of the Heat Gain 

or Loss and the Surface Temperatures of 

Insulated Flat, Cylindrical, and Spherical 

Systems by Use of Computer Programs 

C612-2014...............Standard Specification for Mineral Fiber Block 

and Board Thermal Insulation 

C1126-2014..............Standard Specification for Faced or Unfaced 

Rigid Cellular Phenolic Thermal Insulation 

C1136-2012..............Standard Specification for Flexible, Low 

Permeance Vapor Retarders for Thermal 

Insulation 

C1710-2011..............Standard Guide for Installa tion of Flexible 

Closed Cell Preformed Insulation in Tube and 

Sheet Form 

D1668/D1668M-1997a (2014)e1 Standard Specification for Glass Fabrics 

(Woven and Treated) for Roofing and 

Waterproofing 

E84-2015a...............Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

E2231-2015..............Standard Practice for Speci men Preparation and 

Mounting of Pipe and Duct Insulation to Assess 

Surface Burning Characteristics 

C.  Federal Specifications (Fed. Spec.): 

L-P-535E-1979...........Plastic Sheet (Sheeting): P lastic Strip; Poly 

(Vinyl Chloride) and Poly (Vinyl Chloride - 

Vinyl Acetate), Rigid. 

D.  International Code Council, (ICC): 

IMC-2012................International Mechanical Co de  

E.  Military Specifications (Mil. Spec.): 

MIL-A-3316C (2)-1990....Adhesives, Fire-Resistant, Thermal Insulation 

MIL-A-24179A (2)-1987...Adhesive, Flexible Unicellu lar-Plastic Thermal 

Insulation 

MIL-PRF-19565C (1)-1988.Coating Compounds, Thermal Insulation, Fire-and 

Water-Resistant, Vapor-Barrier 
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MIL-C-20079H-1987.......Cloth, Glass; Tape, Textile  Glass; and Thread, 

Glass and Wire-Reinforced Glass 

F.  National Fire Protection Association (NFPA): 

90A-2015................Standard for the Installati on of Air-

Conditioning and Ventilating Systems 

G.  Underwriters Laboratories, Inc (UL): 

723-2008 (R2013)........Standard for Test for Surfa ce Burning 

Characteristics of Building Materials 

1887-2004 (R2013).......Standard for Fire Test of P lastic Sprinkler 

Pipe for Visible Flame and Smoke 

Characteristics 

H.  3E Plus® version 4.1 Insulation Thickness Computer Program: Available 

from NAIMA with free download; http://.www.pipeinsu lation.net 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 07 11, PLUMBING INSULAT ION”, with 

applicable paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

D.  Shop Drawings: 

1.  All information, clearly presented, shall be includ ed to determine 

compliance with drawings and specifications and AST M Designation, 

Federal and Military specifications. 

a.  Insulation materials: Specify each type used and st ate surface 

burning characteristics. 

b.  Insulation facings and jackets: Each type used and state surface 

burning characteristics. 

c.  Insulation accessory materials: Each type used. 

d.  Manufacturer's installation and fitting fabrication  instructions 

for flexible unicellular insulation shall follow th e guidelines 

in accordance with ASTM C1710. 
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e.  Make reference to applicable specification paragrap h numbers for 

coordination. 

f.  All insulation fittings (exception flexible unicell ular 

insulation) shall be fabricated in accordance with ASTM C450 and 

the referenced Adjunct to ASTM C450. 

E.  Not Used 

F.  Completed System Readiness Checklist provided by th e CxA and completed 

by the contractor, signed by a qualified technician  and dated on the 

date of completion, in accordance with the requirem ents of Section 22 

08 00, COMMISSIONING OF PLUMBING SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Refer to article QUALITY ASSURANCE, in Section 22 0 5 11, COMMON WORK 

RESULTS FOR PLUMBING. 

B.  Criteria:  

1.  Comply with NFPA 90A, particularly paragraphs 4.3.3 .1 through 

4.3.3.6, 4.3.11.2.6, parts of which are quoted as f ollows: 

4.3.3.1 Pipe and duct insulation and coverings, duct lining s, 
vapor retarder facings, adhesives, fasteners, tapes , and 
supplementary materials added to air ducts, plenums , panels and 
duct silencers used in duct systems shall have, in the form in 
which they are used, a maximum flame spread index o f 25 without 
evidence of continued progressive combustion and a maximum smoke 
developed index of 50 when tested in accordance wit h ASTM E84 and 
appropriate mounting practice, e.g. ASTM E2231. 

4.3.3.3 Coverings and linings for air ducts, pipes,  plenums and 
panels including all pipe and duct insulation mater ials shall not 
flame, glow, smolder, or smoke when tested in accor dance with a 
similar test for pipe covering, ASTM C411, Standard  Test Method 
for Hot-Surface Performance of High-Temperature The rmal 
Insulation, at the temperature to which they are ex posed in 
service. In no case shall the test temperature be b elow 121 
degrees C (250 degrees F). 

4.3.11.2.6.3 Nonferrous fire sprinkler piping shall  be listed as 
having a maximum peak optical density of 0.5 or les s, an average 
optical density of 0.15 or less, and a maximum flam e spread 
distance of 1.5 m (5 ft) or less when tested in acc ordance with 
UL 1887, Standard for Safety Fire Test of Plastic S prinkler Pipe 
for Visible Flame and Smoke Characteristics. 

4.3.11.2.6.8 Smoke detectors shall not be required to meet the 
provisions of Section 4.3. 

2.  Test methods: ASTM E84, UL 723, and ASTM E2231. 

3.  Specified k factors are at 24 degrees C (75 degrees  F) mean 

temperature unless stated otherwise. Where optional  thermal 
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insulation material is used, select thickness to pr ovide thermal 

conductance no greater than that for the specified material. For 

pipe, use insulation manufacturer's published heat flow tables. For 

domestic hot water supply and return, run out insul ation and 

condensation control insulation, no thickness adjus tment need be 

made. 

4.  All materials shall be compatible and suitable for service 

temperature and shall not contribute to corrosion o r otherwise 

attack surface to which applied in either the wet o r dry state. 

C.  Not Used 

D.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.go v. 

1.6  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, substitutions and construction rev isions shall be in 

electronic version on compact disc or DVD and inser ted into a three 

ring binder. All aspects of system operation and ma intenance 

procedures, including piping isometrics, wiring dia grams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices such as dam per and door closure 

interlocks shall be included. A List of recommended  spare parts 

(manufacturer, model number, and quantity) shall be  furnished. 

Information explaining any special knowledge or too ls the owner will be 

required to employ shall be inserted into the As-Bu ilt documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them in Auto-CAD version to be 
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determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

D.  Certification documentation shall be provided prior  to submitting the 

request for final inspection. The documentation sha ll include all test 

results, the names of individuals performing work f or the testing 

agency on this project, detailed procedures followe d for all tests, and 

certification that all results of tests were within  limits specified. 

1.7  STORAGE AND HANDLING OF MATERIAL 

A.  Store materials in clean and dry environment, pipe insulation jackets 

shall be clean and unmarred. Place adhesives in ori ginal containers. 

Maintain ambient temperatures and conditions as req uired by printed 

instructions of manufacturers of adhesives, mastics  and finishing 

cements. 

PART 2 -  PRODUCTS 

2.1  MINERAL FIBER OR FIBER GLASS 

A.  Not Used 

B.  Not Used 

C.  ASTM C547 (Pipe Fitting Insulation and Preformed Pi pe Insulation), 

Class 1, k = 0.037 (0.26) at 24 degrees C (75 degre es F), for use at 

temperatures up to 230 degrees C (446 degrees F) wi th an all service 

vapor retarder jacket (ASJ) and with polyvinyl chlo ride (PVC) premolded 

fitting covering. 

2.2  MINERAL WOOL OR REFRACTORY FIBER – NOT USED 

2.3  RIGID CELLULAR PHENOLIC FOAM – NOT USED 

2.4  CELLULAR GLASS CLOSED-CELL 

A.  Comply with Standard ASTM C552, density 120 kg/m 3 (7.5 pcf) nominal, k = 

0.033 (0.29) at 24 degrees C (75 degrees F). 

B.  Pipe insulation for use at process temperatures bel ow ambient air to 

482 degrees C (900 degrees F) with or without all s ervice vapor 

retarder jacket (ASJ). 

C.  Pipe insulation for use at process temperatures for  pipe and tube below 

ambient air temperatures or where condensation cont rol is necessary are 

to be installed with a vapor retarder/barrier syste m of with or without 

all service vapor retarder sealed jacket (ASJ) syst em. Without ASJ 
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shall require all longitudinal and circumferential joints to be vapor 

sealed with vapor barrier mastic. 

D.  Cellular glass thermal insulation intended for use on surfaces 

operating at temperatures between −268 and 482 degr ees C (−450 and 900 

degrees F). It is possible that special fabrication  or techniques for 

pipe insulation, or both, shall be required for app lication in the 

temperature range from 121 to 427 degrees C (250 to  800 degrees F). 

2.5  POLYISOCYANURATE CLOSED-CELL RIGID – NOT USED 

2.6  FLEXIBLE ELASTOMERIC CELLULAR THERMAL 

A.  ASTM C534/C534M, k = 0.039 (0.27) at 24 degrees C ( 75 degrees F), flame 

spread not over 25, smoke developed not over 50, fo r temperatures from 

minus 4 degrees C (40 degrees F) to 93 degrees C (1 99 degrees F). Under 

high humidity exposures for condensation control an  external vapor 

retarder/barrier jacket is required. Consult ASTM C 1710. 

2.7  CALCIUM SILICATE- NOT USED 

2.8  INSULATION FACINGS AND JACKETS 

A.  Vapor Retarder, higher strength with low water perm eance = 0.02 or less 

perm rating, Beach puncture 50 units for insulation  facing on pipe 

insulation jackets. Facings and jackets shall be AS J or PVDC Vapor 

Retarder jacketing. 

B.  ASJ shall be white finish (kraft paper) bonded to 0 .025 mm (1 mil) 

thick aluminum foil, fiberglass reinforced, with pr essure sensitive 

adhesive closure. Comply with ASTM C1136. Beach pun cture is 50 units, 

suitable for painting without sizing. Jackets shall  have minimum 40 mm 

(1-1/2 inch) lap on longitudinal joints and minimum  75 mm (3 inch) butt 

strip on end joints. Butt strip material shall be s ame as the jacket. 

Lap and butt strips shall be self-sealing type with  factory-applied 

pressure sensitive adhesive. 

C.  Vapor Retarder medium strength with low water vapor  permeance of 0.02 

or less perm rating), Beach puncture 25 units: FSK or PVDC type for 

concealed ductwork and equipment. 

D.  Except for flexible elastomeric cellular thermal in sulation (not for 

high humidity exposures), field applied vapor barri er jackets shall be 

provided, in addition to the specified facings and jackets, on all 

exterior piping as well as on interior piping. The vapor barrier jacket 

shall consist of a multi-layer laminated cladding w ith a maximum water 

vapor permeance of 0.001 perms. The minimum punctur e resistance shall 
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be 35 cm-kg (30 inch-pounds) for interior locations  and 92 cm-kg (80 

inch-pounds) for exterior or exposed locations or w here the insulation 

is subject to damage. 

E.  Except for cellular glass thermal insulation, when all longitudinal and 

circumferential joints are vapor sealed with a vapo r barrier mastic or 

caulking, vapor barrier jackets may not be provided . For aesthetic and 

physical abuse applications, exterior jacketing is recommended. 

Otherwise field applied vapor barrier jackets shall  be provided, in 

addition to the applicable specified facings and ja ckets, on all 

exterior piping as well as on interior piping. The vapor barrier jacket 

shall consist of a multi-layer laminated cladding w ith a maximum water 

vapor permeance of 0.001 perms. The minimum punctur e resistance shall 

be 35 cm-kg (30 inch-pounds) for interior locations  and 92 cm-kg (80 

inch-pounds) for exterior or exposed locations or w here the insulation 

is subject to damage. 

F.  Not Used 

G.  Pipe fitting insulation covering (jackets): Fitting  covering shall be 

premolded to match shape of fitting and shall be PV C conforming to Fed 

Spec L-P-535E, composition A, Type II Grade GU, and  Type III, minimum 

thickness 0.7 mm (0.03 inches). Provide color match ing vapor retarder 

pressure sensitive tape. Staples, tacks, or any oth er attachment that 

penetrates the PVC covering is not allowed on any f orm of a vapor 

barrier system in below ambient process temperature  applications. 

H.  Not Used 

I.  Not Used 

2.9  PIPE COVERING PROTECTION SADDLES 

A.  Cold pipe support: Premolded pipe insulation 180 de grees (half-shells) 

on bottom half of pipe at supports. Material shall be cellular glass or 

high density Polyisocyanurate insulation of the sam e thickness as 

adjacent insulation. Density of Polyisocyanurate in sulation shall be a 

minimum of 48 kg/m 3 (3.0 pcf). 

Nominal Pipe Size and Accessories Material (Insert Blocks) 

Nominal Pipe Size mm (inches) Insert Blocks mm (inc hes) 

Up through 125 (5) 150 (6) long 

150 (6) 150 (6) long 
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Nominal Pipe Size and Accessories Material (Insert Blocks) 

Nominal Pipe Size mm (inches) Insert Blocks mm (inc hes) 

200 (8), 250 (10), 300 (12) 225 (9) long 

350 (14), 400 (16) 300 (12) long 

450 through 600 (18 through 24) 350 (14) long 

 

B.  Warm or hot pipe supports: Premolded pipe insulatio n (180 degree half-

shells) on bottom half of pipe at supports. Materia l shall be high 

density Polyisocyanurate (for temperatures up to 14 9 degrees C (300 

degrees F)), cellular glass or calcium silicate. In sulation at supports 

shall have same thickness as adjacent insulation. D ensity of 

Polyisocyanurate insulation shall be a minimum of 4 8 kg/m 3 (3.0 pcf). 

2.10  ADHESIVE, MASTIC, CEMENT 

A.  Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhe sive and protective 

finish coating for insulation. 

B.  Mil. Spec. MIL-A-3316, Class 2: Adhesive for laps a nd for adhering 

insulation to metal surfaces. 

C.  Mil. Spec. MIL-A-24179A, Type II Class 1: Adhesive for installing 

flexible unicellular insulation and for laps and ge neral use. 

D.  Mil. Spec. MIL-PRF-19565C, Type I: Protective finis h for outdoor use. 

E.  Mil. Spec. MIL-PRFC-19565C, Type I or Type II: Vapo r barrier compound 

for indoor use. 

F.  ASTM C449: Mineral fiber hydraulic-setting thermal insulating and 

finishing cement. 

G.  Other: Insulation manufacturers' published recommen dations. 

2.11  MECHANICAL FASTENERS 

A.  Pins, anchors: Welded pins, or metal or nylon ancho rs with galvanized 

steel or fiber washer, or clips. Pin diameter shall  be as recommended 

by the insulation manufacturer. 

B.  Staples: Outward clinching galvanized steel. Staple s are not allowed 

for below ambient vapor barrier applications. 

C.  Wire: 1.3 mm thick (18 gage) soft annealed galvaniz ed or 1.9 mm (14 

gage) copper clad steel or nickel copper alloy or s tainless steel. 

D.  Bands: 13 mm (1/2 inch) nominal width, brass, galva nized steel, 

aluminum or stainless steel. 
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E.  Tacks, rivets, screws or any other attachment devic e capable of 

penetrating the vapor retarder shall NOT be used to  attach/close the 

any type of vapor retarder jacketing. Thumb tacks s ometimes used on PVC 

jacketing and preformed fitting covers closures are  not allowed for 

below ambient vapor barrier applications. 

2.12  REINFORCEMENT AND FINISHES 

A.  Glass fabric, open weave: ASTM D1668/D1668M, Type I II (resin treated) 

and Type I (asphalt or white resin treated). 

B.  Glass fiber fitting tape: Mil. Spec MIL-C-20079H, T ype II, Class 1. 

C.  Tape for Flexible Elastomeric Cellular Insulation: As recommended by 

the insulation manufacturer. 

D.  Hexagonal wire netting: 25 mm (one inch) mesh, 0.85  mm thick (22 gage) 

galvanized steel. 

E.  Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.5 5 mm thick (26 gage) 

galvanized steel; or, 25 mm (1 inch) by 25 mm (1 in ch), 0.47 mm thick 

(28 gage) aluminum angle adhered to 50 mm (2 inch) by 50 mm (2 inch) 

Kraft paper. 

F.  PVC fitting cover: Fed. Spec L-P-535E, Composition A, 11-86 Type II, 

Grade GU, with Form B Mineral Fiber insert, for med ia temperature 10 to 

121 degrees C (50 to 250 degrees F). Below 10 degre es C (50 degrees F) 

and above 121 degrees C (250 degrees F) provide mit ered pipe insulation 

of the same type as insulating straight pipe. Provi de double layer 

insert. Provide vapor barrier pressure sensitive ta pe matching the 

color of the PVC jacket. 

2.13  FIRESTOPPING MATERIAL 

A.  Other than pipe insulation, refer to Section 07 84 00, FIRESTOPPING. 

2.14  FLAME AND SMOKE 

A.  Unless shown otherwise all assembled systems shall meet flame spread 25 

and smoke developed 50 rating as developed under AS TM and UL standards 

and specifications. See paragraph "Quality Assuranc e". 

PART 3 -  EXECUTION 

3.1  GENERAL REQUIREMENTS 

A.  Required pressure tests of piping joints and connec tions shall be 

completed and the work approved by the Contracting Officer’s 

Representative (COR) for application of insulation.  Surface shall be 

clean and dry with all foreign materials, such as d irt, oil, loose 

scale and rust removed. 
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B.  Except for specific exceptions or as noted, insulat e all specified 

equipment, and piping (pipe, fittings, valves, acce ssories). Insulate 

each pipe individually. Do not use scrap pieces of insulation where a 

full length section will fit. 

C.  Where removal of insulation of piping and equipment  is required to 

comply with Section 02 82 11, TRADITIONAL ASBESTOS ABATEMENT and 

Section 02 82 13.13, GLOVEBAG ASBESTOS ABATEMENT, s uch areas shall be 

reinsulated to comply with this specification. 

D.  Insulation materials shall be installed with smooth  and even surfaces, 

with jackets and facings drawn tight and smoothly c emented down and 

sealed at all laps. Insulation shall be continuous through all sleeves 

and openings, except at fire dampers and duct heate rs (NFPA 90A).  

E.  Vapor retarders shall be continuous and uninterrupt ed throughout 

systems with operating temperature 15 degrees C (60  degrees F) and 

below. Lap and seal vapor barrier over ends and exp osed edges of 

insulation. Anchors, supports and other metal proje ctions through 

insulation on cold surfaces shall be insulated and vapor sealed for a 

minimum length of 150 mm (6 inches). 

F.  Install vapor stops with operating temperature 15 d egrees C (60 degrees 

F) and below at all insulation terminations on eith er side of valves, 

pumps, fittings, and equipment and particularly in straight lengths 

every 4.6 to 6.1 meters (approx. 15 to 20 feet) of pipe insulation. The 

annular space between the pipe and pipe insulation of approx. 25 mm (1 

inch) in length at every vapor stop shall be sealed  with appropriate 

vapor barrier sealant. Bio-based materials shall be  utilized when 

possible. 

G.  Construct insulation on parts of equipment such as cold water pumps and 

heat exchangers that must be opened periodically fo r maintenance or 

repair, so insulation can be removed and replaced w ithout damage. 

Install insulation with bolted 1 mm thick (20 gage)  galvanized steel or 

aluminum covers as complete units, or in sections, with all necessary 

supports, and split to coincide with flange/split o f the equipment. Do 

not insulate over equipment nameplate data. 

H.  Insulation on hot piping and equipment shall be ter minated square at 

items not to be insulated, access openings and name plates. Cover all 

exposed raw insulation with white sealer coating (c aution about 

coating’s maximum temperature limit) or jacket mate rial. 
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I.  Not Used  

J.  Plumbing work not to be insulated unless otherwise noted: 

1.  Piping and valves of fire protection system. 

2.  Chromium plated brass piping. 

3.  Water piping in contact with earth. 

4.  Not Used 

K.  Apply insulation materials subject to the manufactu rer's recommended 

temperature limits. Apply adhesives, mastic and coa tings at the 

manufacturer's recommended minimum wet or dry film thickness. Bio-based 

materials shall be utilized when possible. 

L.  Elbows, flanges and other fittings shall be insulat ed with the same 

material as is used on the pipe straights. Use of p olyurethane or 

polyisocyanurate spray-foam to fill a PVC elbow jac ket is prohibited on 

cold applications. 

M.  Firestop Pipe insulation: 

1.  Provide firestopping insulation at fire and smoke b arriers through 

penetrations. Firestopping insulation shall be UL l isted as defined 

in Section 07 84 00, FIRESTOPPING. 

2.  Pipe penetrations requiring fire stop insulation in cluding, but not 

limited to the following: 

a.  Pipe risers through floors 

b.  Pipe chase walls and floors 

c.  Smoke partitions 

d.  Fire partitions 

e.  Hourly rated walls 

N.  Not Used 

O.  Not Used 

P.  Not Used 

Q.  Provide PVC jackets over insulation as follows: 

1.  Piping exposed in building, within 1829 mm (6 feet)  of the floor, on 

piping that is not precluded in previous sections. 

2.  A 50 mm (2 inch) jacket overlap is required at long itudinal and 

circumferential joints with the overlap at the bott om. 
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3.2  INSULATION INSTALLATION 

A.  Not Used 

B.  Molded Mineral Fiber Pipe and Tubing Covering: 

1.  Fit insulation to pipe, aligning all longitudinal j oints. Seal 

longitudinal joint laps and circumferential butt st rips by rubbing 

hard with a nylon sealing tool to assure a positive  seal. Staples 

may be used to assist in securing insulation except  for cold piping. 

Seal all vapor retarder penetrations on cold piping  with a generous 

application of vapor barrier mastic. Provide cellar  glass inserts 

and install with metal insulation shields at outsid e pipe supports. 

Install freeze protection insulation over heating c able. 

2.  Contractor's options for fitting, flange and valve insulation: 

a.  Insulating and finishing cement for sizes less than  100 mm (4 

inches) operating at surface temperature of 15 degr ees C (60 

degrees F) or more. 

b.  Factory premolded, one piece PVC covers with minera l fiber, (Form 

B), inserts surface temperature of above 4 degrees C (40 degrees 

F) to 121 degrees C (250 degrees F). Provide mitere d preformed 

insulation of the same type as the installed straig ht pipe 

insulation for pipe temperatures below 4 degrees C (40 degrees 

F). Secure first layer of mineral fiber insulation with twine. 

Seal seam edges with vapor barrier mastic and secur e with fitting 

tape. 

c.  Factory preformed, ASTM C547 or fabricated mitered sections, 

joined with adhesive or (hot only) wired in place. (Bio-based 

materials shall be utilized when possible.) For hot  piping finish 

with a smoothing coat of finishing cement. For cold  fittings, 15 

degrees C (60 degrees F) or less, vapor seal with a  layer of 

glass fitting tape imbedded between two 2 mm (1/16 inch) coats of 

vapor barrier mastic. 

d.  Fitting tape shall extend over the adjacent pipe in sulation and 

overlap on itself at least 50 mm (2 inches). 

3.  Nominal thickness in millimeters and inches specifi ed in the 

schedule at the end of this section. 
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C.  Not Used 

D.  Cellular Glass Insulation: 

1.  Pipe and tubing, covering nominal thickness in mill imeters and 

inches as specified in the schedule at the end of t his section. 

2.  Not Used 

3.  Cold equipment: 50 mm (2 inch) thick insulation fac ed with ASJ. 

E.  Not Used 

F.  Flexible Elastomeric Cellular Thermal Insulation: 

1.  Apply insulation and fabricate fittings in accordan ce with the 

manufacturer's installation instructions and finish  with two coats 

of weather resistant finish as recommended by the i nsulation 

manufacturer. External vapor barrier jacketing may be required for 

expected or anticipated high humidity exposures. Se e ASTM C1710. 

2.  Pipe and tubing insulation: 

a.  Use proper size material. Do not stretch or strain insulation. 

b.  To avoid undue compression of insulation, use suppo rts as 

recommended by the elastomeric insulation manufactu rer. 

Insulation shields are specified under Section 22 0 5 11, COMMON 

WORK RESULTS FOR PLUMBING. 

c.  Where possible, slip insulation over the pipe or tu bing prior to 

connection, and seal the butt joints with adhesive.  Where the 

slip-on technique is not possible, slit the insulat ion and apply 

it to the pipe sealing the seam and joints with con tact adhesive. 

Optional tape sealing, as recommended by the manufa cturer, may be 

employed. Bio-based materials shall be utilized whe n possible. 

3.  Apply sheet insulation to flat or large curved surf aces with 100 

percent adhesive coverage. For fittings and large p ipe, apply 

adhesive to seams only. 

4.  Pipe insulation: nominal thickness in millimeters ( inches as 

specified in the schedule at the end of this sectio n. 

G.  Not Used 

3.3  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 



09-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

22 07 11 - 17 

3.4  PIPE INSULATION SCHEDULE 

A.  Provide insulation for piping systems as scheduled below: 

Insulation Thickness Millimeters (Inches) 

 Nominal Pipe Size Millimeters (Inches) 

Operating 
Temperature 
Range/Service 

Insulation 
Material 

Less than 
25 (1) 

25 – 32 
(1 – 1¼) 

38 – 75 
(1½ - 3) 

100 (4) 
and 
Greater 

38-60 degrees C 
(100-140 degrees F)  

(Domestic Hot Water 
Supply and Return) 

Mineral Fiber 
(Above ground 
piping only) 

38 (1.5) 38 (1.5) 50 (2.0) 50 (2.0) 

38-60 degrees C 
(100-140 degrees F)  

(Domestic Hot Water 
Supply and Return) 

Flexible 
Elastomeric 
Cellular 
Thermal (Above 
ground piping 
only) 

38 (1.5) 38 (1.5) 50 (2.0) 50 (2.0) 

38-60 degrees C 
(100-140 degrees F)  

(Domestic Hot Water 
Supply and Return) 

Cellular Glass 

Thermal 

38 (1.5) 38 (1.5) 50 (2.0) 50 (2.0) 

 

- - - E N D - - - 
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SECTION 22 08 00 

COMMISSIONING OF PLUMBING SYSTEMS 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. The requirements of this Section apply to all se ctions of Division 22.  

B. This project will have selected building systems  commissioned.  The 

complete list of equipment and systems to be commis sioned are specified 

in Section 01 91 00 GENERAL COMMISSIONING REQUIREME NTS.  The 

commissioning process, which the Contractor is resp onsible to execute, 

is defined in Section 01 91 00 GENERAL COMMISSIONIN G REQUIREMENTS.  A 

Commissioning Agent (CxA) appointed by the Departme nt of Veterans 

Affairs will manage the commissioning process. 

1.2 RELATED WORK 

A.  Section 01 00 00 GENERAL REQUIREMENTS. 

B.  Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS . 

C.  Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, AND S AMPLES. 

1.3 SUMMARY 

A. This Section includes requirements for commissio ning plumbing systems, 

subsystems and equipment.  This Section supplements  the general 

requirements specified in Section 01 91 00 General Commissioning 

Requirements. 

B. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for more 

specifics regarding processes and procedures as wel l as roles and 

responsibilities for all Commissioning Team members . 

1.4 DEFINITIONS 

A. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for 

definitions.   

1.5 COMMISSIONED SYSTEMS 

A. Commissioning of a system or systems specified i n Division 22 is part 

of the construction process. Documentation and test ing of these 

systems, as well as training of the VA’s Operation and Maintenance 

personnel in accordance with the requirements of Se ction 01 91 00 and 

of Division 22, is required in cooperation with the  VA and the 

Commissioning Agent.   
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B. The Plumbing systems commissioning will include the systems listed in 

Section 01 91 00 General Commissioning Requirements : 

1.6 SUBMITTALS 

A. The commissioning process requires review of sel ected Submittals.  The 

Commissioning Agent will provide a list of submitta ls that will be 

reviewed by the Commissioning Agent.  This list wil l be reviewed and 

approved by the VA prior to forwarding to the Contr actor.  Refer to 

Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, and S AMPLES for further 

details.   

B. The commissioning process requires Submittal rev iew simultaneously with 

engineering review. Specific submittal requirements  related to the 

commissioning process are specified in Section 01 9 1 00 GENERAL 

COMMISSIONING REQUIREMENTS.   

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 CONSTRUCTION INSPECTIONS 

A. Commissioning of the Building Plumbing Systems w ill require inspection 

of individual elements of the Plumbing construction  throughout the 

construction period.  The Contractor shall coordina te with the 

Commissioning Agent in accordance with Section 01 9 1 00 and the 

Commissioning Plan to schedule inspections as requi red to support the 

commissioning process. 

3.2 PRE-FUNCTIONAL CHECKLISTS 

A. The Contractor shall complete Pre-Functional Che cklists to verify 

systems, subsystems, and equipment installation is complete and systems 

are ready for Systems Functional Performance Testin g.  The 

Commissioning Agent will prepare Pre-Functional Che cklists to be used 

to document equipment installation.  The Contractor  shall complete the 

checklists.  Completed checklists shall be submitte d to the VA and to 

the Commissioning Agent for review.  The Commission ing Agent may spot 

check a sample of completed checklists.  If the Com missioning Agent 

determines that the information provided on the che cklist is not 

accurate, the Commissioning Agent will return the m arked-up checklist 

to the Contractor for correction and resubmission.  If the 

Commissioning Agent determines that a significant n umber of completed 

checklists for similar equipment are not accurate, the Commissioning 

Agent will select a broader sample of checklists fo r review.  If the 
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Commissioning Agent determines that a significant n umber of the broader 

sample of checklists is also inaccurate, all the ch ecklists for the 

type of equipment will be returned to the Contracto r for correction and 

resubmission.  Refer to SECTION 01 91 00 GENERAL CO MMISSIONING 

REQUIREMENTS for submittal requirements for Pre-Fun ctional Checklists, 

Equipment Startup Reports, and other commissioning documents. 

3.3 CONTRACTORS TESTS 

A. Contractor tests as required by other sections o f Division 22 shall be 

scheduled and documented in accordance with Section  01 00 00 GENERAL 

REQUIREMENTS.  All testing shall be incorporated in to the project 

schedule.  Contractor shall provide no less than 7 calendar days’ 

notice of testing.  The Commissioning Agent will wi tness selected 

Contractor tests at the sole discretion of the Comm issioning Agent.  

Contractor tests shall be completed prior to schedu ling Systems 

Functional Performance Testing.   

3.4 SYSTEMS FUNCTIONAL PERFORMANCE TESTING:   

A. The Commissioning Process includes Systems Funct ional Performance 

Testing that is intended to test systems functional  performance under 

steady state conditions, to test system reaction to  changes in 

operating conditions, and system performance under emergency 

conditions.  The Commissioning Agent will prepare d etailed Systems 

Functional Performance Test procedures for review a nd approval by the 

COR.  The Contractor shall review and comment on th e tests prior to 

approval.  The Contractor shall provide the require d labor, materials, 

and test equipment identified in the test procedure  to perform the 

tests.  The Commissioning Agent will witness and do cument the testing.  

The Contractor shall sign the test reports to verif y tests were 

performed.  See Section 01 91 00 GENERAL COMMISSION ING REQUIREMENTS, 

for additional details. 

3.5 TRAINING OF VA PERSONNEL 

A. Training of the VA operation and maintenance per sonnel is required in 

cooperation with the COR and Commissioning Agent.  Provide competent, 

factory authorized personnel to provide instruction  to operation and 

maintenance personnel concerning the location, oper ation, and 

troubleshooting of the installed systems.  Contract or shall submit 

training agendas and trainer resumes in accordance with the 

requirements of Section 01 91 00. The instruction s hall be scheduled in 
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coordination with the COR after submission and appr oval of formal 

training plans.   Refer to Section 01 91 00 GENERAL  COMMISSIONING 

REQUIREMENTS and Division 22 Sections for additiona l Contractor 

training requirements. 

----- END ----- 
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SECTION 22 11 00 
FACILITY WATER DISTRIBUTION 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Domestic water systems, including piping, equipment  and all necessary 

accessories as designated in this section. 

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2  RELATED WORK  

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 07 84 00, FIRESTOPPING. 

F.  Section 07 92 00, JOINT SEALANTS. 

G.  Section 09 91 00, PAINTING. 

H.  Not Used 

I.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

J.  Section 22 07 11, PLUMBING INSULATION. 

K.  SECTION 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  American Society of Mechanical Engineers (ASME): 

A13.1-2007 (R2013)......Scheme for Identification o f Piping Systems 

B16.3-2011..............Malleable Iron Threaded Fit tings: Classes 150 

and 300 

B16.9-2012..............Factory-Made Wrought Buttwe lding Fittings 

B16.11-2011.............Forged Fittings, Socket-Wel ding and Threaded 

B16.12-2009 (R2014).....Cast Iron Threaded Drainage  Fittings 

B16.15-2013 ............Cast Copper Alloy Threaded Fittings: Classes 

125 and 250 

B16.18-2012.............Cast Copper Alloy Solder Jo int Pressure 

Fittings 
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B16.22-2013.............Wrought Copper and Copper A lloy Solder-Joint 

Pressure Fittings 

B16.24-2011.............Cast Copper Alloy Pipe Flan ges and Flanged 

Fittings: Classes 150, 300, 600, 900, 1500, and 

2500 

B16.51-2013.............Copper and Copper Alloy Pre ss-Connect Fittings 

ASME Boiler and Pressure Vessel Code -  

BPVC Section IX-2015....Welding, Brazing, and Fusin g Qualifications  

C.  American Society of Sanitary Engineers (ASSE): 

1010-2004...............Performance Requirements fo r Water Hammer 

Arresters 

D.  American Society for Testing and Materials (ASTM): 

A47/A47M-1999 (R2014)...Standard Specification for Ferritic Malleable 

Iron Castings 

A53/A53M-2012...........Standard Specification for Pipe, Steel, Black 

and Hot-Dipped, Zinc-Coated, Welded and 

Seamless 

A183-2014...............Standard Specification for Carbon Steel Track 

Bolts and Nuts 

A269/A269M-2014e1.......Standard Specification for Seamless and Welded 

Austenitic Stainless Steel Tubing for General 

Service 

A312/A312M-2015.........Standard Specification for Seamless, Welded, 

and Heavily Cold Worked Austenitic Stainless 

Steel Pipes 

A403/A403M-2014.........Standard Specification for Wrought Austenitic 

Stainless Steel Piping Fittings 

A536-1984 (R2014).......Standard Specification for Ductile Iron 

Castings 

A733-2013...............Standard Specification for Welded and Seamless 

Carbon Steel and Austenitic Stainless Steel 

Pipe Nipples 

B32-2008 (R2014)........Standard Specification for Solder Metal 

B43-2014................Standard Specification for Seamless Red Brass 

Pipe, Standard Sizes 

B61-2008 (R2013)........Standard Specification for Steam or Valve 

Bronze Castings 
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B62-2009................Standard Specification for Composition Bronze 

or Ounce Metal Castings 

B75/B75M-2011...........Standard Specification for Seamless Copper Tube 

B88-2014................Standard Specification for Seamless Copper 

Water Tube 

B584-2014...............Standard Specification for Copper Alloy Sand 

Castings for General Applications 

B687-1999 (R2011).......Standard Specification for Brass, Copper, and 

Chromium-Plated Pipe Nipples 

C919-2012...............Standard Practice for Use o f Sealants in 

Acoustical Applications 

D1785-2012..............Standard Specification for Poly (Vinyl 

Chloride) (PVC) Plastic Pipe, Schedules 40, 80, 

and 120 

D2000-2012..............Standard Classification Sys tem for Rubber 

Products in Automotive Applications 

D2564-2012..............Standard Specification for Solvent Cements for 

Poly (Vinyl Chloride) (PVC) Plastic Piping 

Systems 

D2657-2007..............Standard Practice for Heat Fusion Joining of 

Polyolefin Pipe and Fittings 

D2855-1996 (R2010)......Standard Practice for Makin g Solvent-Cemented 

Joints with Poly (Vinyl Chloride) (PVC) Pipe 

and Fittings 

D4101-2014..............Standard Specification for Polypropylene 

Injection and Extrusion Materials 

E1120-2008..............Standard Specification for Liquid Chlorine 

E1229-2008..............Standard Specification for Calcium Hypochlorite 

F2389-2010..............Standard Specification for Pressure-rated 

Polypropylene (PP) Piping Systems 

F2620-2013..............Standard Practice for Heat Fusion Joining of 

Polyethylene Pipe and Fittings 

F2769-2014..............Standard Specification for Polyethylene of 

Raised Temperature (PE-RT) Plastic Hot and 

Cold-Water Tubing and Distribution Systems 

E.  American Water Works Association (AWWA): 

C110-2012...............Ductile-Iron and Gray-Iron Fittings 
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C151-2009...............Ductile Iron Pipe, Centrifu gally Cast 

C153-2011...............Ductile-Iron Compact Fittin gs 

C203-2008...............Coal-Tar Protective Coating s and Linings for 

Steel Water Pipelines - Enamel and Tape - Hot 

Applied 

C213-2007...............Fusion-Bonded Epoxy Coating  for the Interior 

and Exterior of Steel Water Pipelines 

C651-2014...............Disinfecting Water Mains 

F.  American Welding Society (AWS): 

A5.8M/A5.8-2011-AMD1....Specification for Filler Me tals for Brazing and 

Braze Welding 

G.  International Code Council (ICC): 

IPC-2012................International Plumbing Code  

H.  Manufacturers Specification Society (MSS): 

SP-58-2009..............Pipe Hangers and Supports -  Materials, Design, 

Manufacture, Selection, Application, and 

Installation 

SP-72-2010a.............Ball Valves with Flanged or  Butt-Welding Ends 

for General Service 

SP-110-2010.............Ball Valves Threaded, Socke t-Welding, Solder 

Joint, Grooved and Flared Ends 

I.  NSF International (NSF): 

14-2015.................Plastics Piping System Comp onents and Related 

Materials 

61-2014a................Drinking Water System Compo nents – Health 

Effects 

372-2011................Drinking Water System Compo nents – Lead Content 

J.  Plumbing and Drainage Institute (PDI): 

PDI-WH 201-2010.........Water Hammer Arrestors 

K.  Department of Veterans Affairs: 

H-18-8-2013.............Seismic Design Handbook 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 
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B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 11 00, FACILITY WATER D ISTRIBUTIONS”, with 

applicable paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  All items listed in Part 2 - Products. 

D.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets and information for ordering replacement parts: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

E.  Completed System Readiness Checklist provided by th e CxA and completed 

by the Contractor, signed by a qualified technician  and dated on the 

date of completion, in accordance with the requirem ents of Section 22 

08 00, COMMISSIONING OF PLUMBING SYSTEMS. 

F.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  A certificate shall be submitted prior to welding o f steel piping 

showing the Welder’s certification. The certificate  shall be current 

and no more than one year old. Welder’s qualificati ons shall be in 

accordance with ASME BPVC Section IX. 

B.  All grooved joint couplings, fittings, valves, and specialties shall be 

the products of a single manufacturer. Grooving too ls shall be by the 

same manufacturer as the groove components. 

C.  All pipe, couplings, fittings, and specialties shal l bear the 

identification of the manufacturer and any markings  required by the 

applicable referenced standards. 

D.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 
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information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

1.6  SPARE PARTS 

A.  For mechanical press-connect fittings, provide tool s required for each 

pipe size used at the facility. 

1.7  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, substitutions and construction rev isions shall be in 

electronic version on compact disc or DVD and inser ted into a three 

ring binder. All aspects of system operation and ma intenance 

procedures, including piping isometrics, wiring dia grams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A list of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them in Auto-CAD version to be 

determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

D.  Certification documentation shall be provided to CO R 10 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and certificate if applicab le that all results 

of tests were within limits specified. If a certifi cate is not 

available, all documentation shall be on the Certif ier’s letterhead. 
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PART 2 -  PRODUCTS  

2.1  MATERIALS 

A.  Material or equipment containing a weighted average  of greater than 

0.25 percent lead are prohibited in any potable wat er system intended 

for human consumption and shall be certified in acc ordance with NSF 61 

or NSF 372. Endpoint devices used to dispense water  for drinking shall 

meet the requirements of NSF 61, Section 9. 

B.  Plastic pipe, fittings, and solvent cement shall me et NSF 14 and shall 

be NSF listed for the service intended. 

2.2  UNDERGROUND WATER SERVICE CONNECTIONS TO BUILDINGS – NOT USED 

2.3  ABOVE GROUND (INTERIOR) WATER PIPING  

A.  Pipe: Copper tube, ASTM B88, Type K or L, drawn.  

B.  Fittings for Copper Tube: 

1.  Wrought copper or bronze castings conforming to ASM E B16.18 and 

B16.22. Unions shall be bronze, MSS SP-72, MSS SP-1 10, solder or 

braze joints. Use 95/5 tin and antimony for all sol dered joints. 

2.  Grooved fittings, 50 to 150 mm (2 to 6 inch) wrough t copper ASTM 

B75/B75M C12200, 125 to 150 mm (5 to 6 inch) bronze  casting ASTM 

B584, C84400. Mechanical grooved couplings, 2070 kp a (300 psig) 

minimum ductile iron, ASTM A536 Grade 448-310-12 (G rade 65-45-12), 

or malleable iron, ASTM A47/A47M Grade 22410 (Grade  32510) housing, 

with EPDM gasket, steel track head bolts, ASTM A183 , coated with 

copper colored alkyd enamel. 

3.  Mechanical press-connect fittings for copper pipe a nd tube shall 

conform to the material and sizing requirements of ASME B16.51, NSF 

61 approved, 50 mm (2 inch) size and smaller mechan ical press-

connect fittings, double pressed type, with EPDM (e thylene propylene 

diene monomer) non-toxic synthetic rubber sealing e lements and un-

pressed fitting identification feature. 

4.  Mechanically formed tee connection: Form mechanical ly extracted 

collars in a continuous operation by drilling pilot  hole and drawing 

out tube surface to form collar, having a height of  not less than 

three times the thickness of tube wall. Adjustable collaring device 

shall ensure proper tolerance and complete uniformi ty of the joint. 

Notch and dimple joining branch tube in a single pr ocess to provide 

free flow where the branch tube penetrates the fitt ing. Braze 

joints. 
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5.  Not Used  

C.  Not Used 

D.  Adapters: Provide adapters for joining pipe or tubi ng with dissimilar 

end connections. 

E.  Solder: ASTM B32 alloy type Sb5, HA or HB. Provide non-corrosive flux. 

F.  Brazing alloy: AWS A5.8M/A5.8, brazing filler metal s shall be BCuP 

series for copper to copper joints and BAg series f or copper to steel 

joints. 

G.  Not Used 

2.4  EXPOSED WATER PIPING 

A.  Finished Room: Use full iron pipe size chrome plate d brass piping for 

exposed water piping connecting fixtures, casework,  cabinets, equipment 

and reagent racks when not concealed by apron inclu ding those furnished 

by the Government or specified in other sections. 

1.  Pipe: ASTM B43, standard weight. 

2.  Fittings: ASME B16.15 cast bronze threaded fittings  with chrome 

finish. 

3.  Nipples: ASTM B687, Chromium-plated. 

4.  Unions: MSS SP-72, MSS SP-110, brass or bronze with  chrome finish. 

Unions 65 mm (2-1/2 inches) and larger shall be fla nge type with 

approved gaskets. 

B.  Unfinished Rooms, Mechanical Rooms and Kitchens: Ch rome-plated brass 

piping is not required. Paint piping systems as spe cified in Section 09 

91 00, PAINTING. 

2.5  ETHYLENE OXIDE (ETO) STERILIZER WATER SUPPLY PIPING  – NOT USED 

2.6  TRAP PRIMER WATER PIPING – NOT USED 

2.7  STRAINERS 

A.  Provide on high pressure side of pressure reducing valves, on suction 

side of pumps, on inlet side of indicating and cont rol instruments and 

equipment subject to sediment damage and where show n on drawings. 

Strainer element shall be removable without disconn ection of piping. 

B.  Water: Basket or "Y" type with easily removable cov er and brass 

strainer basket. 

C.  Body: Less than 75 mm (3 inches), brass or bronze; 75 mm (3 inches) and 

greater, cast iron or semi-steel. 
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2.8  DIELECTRIC FITTINGS 

A.  Provide dielectric couplings or unions between pipe  of dissimilar 

metals. 

2.9  STERILIZATION CHEMICALS – NOT USED 

2.10  WATER HAMMER ARRESTER 

A.  Closed copper tube chamber with permanently sealed 413 kPa (60 psig) 

air charge above a Double O-ring piston. Two high h eat Buna-N 0-rings 

pressure packed and lubricated with FDA approved si licone compound. All 

units shall be designed in accordance with ASSE 101 0. Access shall be 

provided where devices are concealed within partiti ons or above 

ceilings. Size and install in accordance with PDI-W H 201 requirements. 

Provide water hammer arrestors at: 

1.  All solenoid valves. 

2.  All groups of two or more flush valves. 

3.  All quick opening or closing valves. 

4.  Not Used 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  General: Comply with the International Plumbing Cod e and the following: 

1.  Install branch piping for water from the piping sys tem and connect 

to all fixtures, valves, cocks, outlets, casework, cabinets and 

equipment, including those furnished by the Governm ent or specified 

in other sections. 

2.  Pipe shall be round and straight. Cutting shall be done with proper 

tools. Pipe, except for plastic and glass, shall be  reamed to remove 

burrs and a clean smooth finish restored to full pi pe inside 

diameter. 

3.  All pipe runs shall be laid out to avoid interferen ce with other 

work/trades. 

4.  Install union and shut-off valve on pressure piping  at connections 

to equipment. 

5.  Pipe Hangers, Supports and Accessories: 

a.  All piping shall be supported per the IPC, H-18-8 S eismic Design 

Handbook, MSS SP-58, and SMACNA as required. 

b.  Shop Painting and Plating: Hangers, supports, rods,  inserts and 

accessories used for pipe supports shall be shop co ated with zinc 
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chromate primer paint. Electroplated copper hanger rods, hangers 

and accessories may be used with copper tubing. 

c.  Floor, Wall and Ceiling Plates, Supports, Hangers: 

1.)  Solid or split un-plated cast iron. 

2.)  All plates shall be provided with set screws. 

3.)  Pipe Hangers: Height adjustable clevis type. 

4.)  Adjustable Floor Rests and Base Flanges: Steel. 

5.)  Concrete Inserts: "Universal" or continuous slotted  type. 

6.)  Hanger Rods: Mild, low carbon steel, fully threaded  or 

Threaded at each end with two removable nuts at eac h end 

for positioning rod and hanger and locking each in place. 

7.)  Pipe Hangers and Riser Clamps: Malleable iron or ca rbon 

steel. Pipe Hangers and riser clamps shall have a c opper 

finish when supporting bare copper pipe or tubing. 

8.)  Rollers: Cast iron. 

9.)  Self-drilling type expansion shields shall be "Phil lips" 

type, with case hardened steel expander plugs. 

10.)  Hangers and supports utilized with insulated pipe a nd 

tubing shall have 180 degree (minimum) metal protec tion 

shield centered on and welded to the hanger and sup port. 

The shield thickness and length shall be engineered  and 

sized for distribution of loads to preclude crushin g of 

insulation without breaking the vapor barrier. The shield 

shall be sized for the insulation and have flared e dges to 

protect vapor-retardant jacket facing. To prevent t he 

shield from sliding out of the clevis hanger during  pipe 

movement, center-ribbed shields shall be used. 

11.)  Miscellaneous Materials: As specified, required, di rected 

or as noted on the drawings for proper installation  of 

hangers, supports and accessories. If the vertical distance 

exceeds 6.1 m (20 feet) for cast iron pipe addition al 

support shall be provided in the center of that spa n. 

Provide all necessary auxiliary steel to provide th at 

support. 

12.)  With the installation of each flexible expansion jo int, 

provide piping restraints for the upstream and down stream 

section of the piping at the flexible expansion joi nt. 
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Provide calculations supporting the restraint lengt h design 

and type of selected restraints. Restraint calculat ions 

shall be based on the criteria from the manufacture r 

regarding their restraint design. 

6.  Install chrome plated cast brass escutcheon with se t screw at each 

wall, floor and ceiling penetration in exposed fini shed locations 

and within cabinets and millwork. 

7.  Penetrations: 

a.  Firestopping: Where pipes pass through fire partiti ons, fire 

walls, smoke partitions, or floors, install a fire stop that 

provides an effective barrier against the spread of  fire, smoke, 

and gases as specified in Section 07 84 00, FIRESTO PPING. 

Completely fill and seal clearances between raceway s and openings 

with the firestopping materials. 

b.  Waterproofing: At floor penetrations, completely se al clearances 

around the pipe and make watertight with sealant as  specified in 

Section 07 92 00, JOINT SEALANTS. Bio-based materia ls shall be 

utilized when possible. 

c.  Acoustical sealant: Where pipes pass through sound rated walls, 

seal around the pipe penetration with an acoustical  sealant that 

is compliant with ASTM C919. 

8.  Mechanical press-connect fitting connections shall be made in 

accordance with the manufacturer’s installation ins tructions. The 

tubing shall be fully inserted into the fitting and  the tubing 

marked at the shoulder of the fitting. The fitting alignment shall 

be checked against the mark on the tubing to assure  the tubing is 

fully engaged (inserted) in the fitting. Ensure the  tube is 

completely inserted to the fitting stop (appropriat e depth) and 

squared with the fitting prior to applying the pres sing jaws onto 

the fitting. The joints shall be pressed using the tool(s) approved 

by the manufacturer. Minimum distance between fitti ngs shall be in 

accordance with the manufacturer’s requirements. Wh en the pressing 

cycle is complete, visually inspect the joint to en sure the tube has 

remained fully inserted, as evidenced by the visibl e insertion mark. 
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B.  Domestic Water piping shall conform to the followin g: 

1.  Grade all lines to facilitate drainage. Provide dra in valves at 

bottom of risers and all low points in system. Desi gn domestic hot 

water circulating lines with no traps. 

2.  Connect branch lines at bottom of main serving fixt ures below and 

pitch down so that main may be drained through fixt ure. Connect 

branch lines to top of main serving only fixtures l ocated on floor 

above. 

3.2  TESTS 

A.  General: Test system either in its entirety or in s ections. Submit 

testing plan to COR 10 working days prior to test d ate. 

B.  Potable Water System: Test after installation of pi ping and domestic 

water heaters, but before piping is concealed, befo re covering is 

applied, and before plumbing fixtures are connected . Fill systems with 

water and maintain hydrostatic pressure of 1035 kPa  (150 psig) gage for 

two hours. No decrease in pressure is allowed. Prov ide a pressure gage 

with a shutoff and bleeder valve at the highest poi nt of the piping 

being tested. Pressure gauge shall have 1 psig incr ements. 

C.  Not Used 

D.  All Other Piping Tests: Test new installed piping u nder 1-1/2 times 

actual operating conditions and prove tight. 

E.  The test pressure shall hold for the minimum time d uration required by 

the applicable plumbing code or authority having ju risdiction. 

3.3  STERILIZATION  

A.  After tests have been successfully completed, thoro ughly flush and 

sterilize the interior domestic water distribution system in accordance 

with AWWA C651. 

B.  Use liquid chlorine or hypochlorite for sterilizati on. 

3.4  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.5  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA Personnel in operation and mai ntenance of the 

system. 
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B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

- - - E N D - - - 
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SECTION 22 13 00 
FACILITY SANITARY AND VENT PIPING 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section pertains to sanitary sewer and vent sy stems, including 

piping, equipment and all necessary accessories as designated in this 

section. 

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 07 84 00, FIRESTOPPING: Penetrations in rat ed enclosures. 

F.  Section 07 92 00, JOINT SEALANTS: Sealant products.  

G.  Section 09 91 00, PAINTING: Preparation and finish painting and 

identification of piping systems. 

H.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING:  Pipe Hangers and 

Supports, Materials Identification. 

I.  Section 22 07 11, PLUMBING INSULATION. 

J.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS  

K.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS 

L.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  American Society of Mechanical Engineers (ASME): 

A13.1-2007..............Scheme for the Identificati on of Piping Systems 

A112.36.2M-1991(R 2012).Cleanouts 

A112.6.3-2001 (R2007)...Standard for Floor and Tren ch Drains 

B1.20.1-2013............Pipe Threads, General Purpo se (Inch) 

B16.1-2010..............Gray Iron Pipe Flanges and Flanged Fittings 

B16.4-2011..............Standard for Grey Iron Thre aded Fittings 

Classes 125 and 250 
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B16.15-2013.............Cast Copper Alloy Threaded Fittings, Classes 

125 and 250 

B16.18-2012.............Cast Copper Alloy Solder Jo int Pressure 

Fittings 

B16.21-2011.............Nonmetallic Flat Gaskets fo r Pipe Flanges 

B16.22-2013.............Wrought Copper and Copper A lloy Solder-Joint 

Pressure Fittings 

B16.23-2011.............Cast Copper Alloy Solder Jo int Drainage 

Fittings: DWV 

B16.24-2001 (R2006).....Cast Copper Alloy Pipe Flan ges and Flanged 

Fittings 

B16.29-2012.............Wrought Copper and Wrought Copper Alloy Solder-

Joint Drainage Fittings: DWV 

B16.39-2009.............Malleable Iron Threaded Pip e Unions Classes 

150, 250, and 300 

B18.2.1-2012............Square, Hex, Heavy Hex, and  Askew Head Bolts 

and Hex, Heavy Hex, Hex Flange, Lobed Head, and 

Lag Screws (Inch Series) 

C.  American Society of Sanitary Engineers (ASSE): 

1001-2008...............Performance Requirements fo r Atmospheric Type 

Vacuum Breakers 

1018-2001...............Performance Requirements fo r Trap Seal Primer 

Valves – Potable Water Supplied 

1044-2001...............Performance Requirements fo r Trap Seal Primer 

Devices – Drainage Types and Electronic Design 

Types 

1079-2012...............Performance Requirements fo r Dielectric Pipe 

Unions 

D.  American Society for Testing and Materials (ASTM): 

A53/A53M-2012...........Standard Specification for Pipe, Steel, Black 

And Hot-Dipped, Zinc-coated, Welded and 

Seamless 

A74-2013a...............Standard Specification for Cast Iron Soil Pipe 

and Fittings 

A888-2013a..............Standard Specification for Hubless Cast Iron 

Soil Pipe and Fittings for Sanitary and Storm 

Drain, Waste, and Vent Piping Applications 
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B32-2008................Standard Specification for Solder Metal 

B43-2009................Standard Specification for Seamless Red Brass 

Pipe, Standard Sizes 

B75-2011................Standard Specification for Seamless Copper Tube 

B88-2009................Standard Specification for Seamless Copper 

Water Tube 

B306-2013...............Standard Specification for Copper Drainage Tube 

(DWV) 

B584-2013...............Standard Specification for Copper Alloy Sand 

Castings for General Applications 

B687-1999 (R 2011)......Standard Specification for Brass, Copper, and 

Chromium-Plated Pipe Nipples 

B813-2010...............Standard Specification for Liquid and Paste 

Fluxes for Soldering of Copper and Copper Alloy 

Tube 

B828-2002 (R 2010)......Standard Practice for Makin g Capillary Joints 

by Soldering of Copper and Copper Alloy Tube 

and Fittings 

C564-2012...............Standard Specification for Rubber Gaskets for 

Cast Iron Soil Pipe and Fittings 

D1785-2012..............Standard Specification for Poly(Vinyl Chloride) 

(PVC) Plastic Pipe, Schedules 40, 80, and 120 

D2321-2011..............Standard Practice for Under ground Installation 

of Thermoplastic Pipe for Sewers and Other 

Gravity-Flow Applications 

D2564-2012..............Standard Specification for Solvent Cements for 

Poly(Vinyl Chloride) (PVC) Plastic Piping 

Systems 

D2665-2012..............Standard Specification for Poly(Vinyl Chloride) 

(PVC) Plastic Drain, Waste, and Vent Pipe and 

Fittings 

D2855-1996 (R 2010).....Standard Practice for Makin g Solvent-Cemented 

Joints with Poly(Vinyl Chloride) (PVC) Pipe and 

Fittings 

D5926-2011..............Standard Specification for Poly(Vinyl Chloride) 

(PVC) Gaskets for Drain, Waste, and Vent (DWV), 

Sewer, Sanitary, and Storm Plumbing Systems 
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F402-2005 (R 2012)......Standard Practice for Safe Handling of Solvent 

Cements, Primers, and Cleaners Used for Joining 

Thermoplastic Pipe and Fittings 

F477-2010...............Standard Specification for Elastomeric Seals 

(Gaskets) for Joining Plastic Pipe 

F1545-1997 (R 2009).....Standard Specification for Plastic-Lined 

Ferrous Metal Pipe, Fittings, and Flanges 

E.  Cast Iron Soil Pipe Institute (CISPI): 

2006....................Cast Iron Soil Pipe and Fit tings Handbook 

301-2012................Standard Specification for Hubless Cast Iron 

Soil Pipe and Fittings for Sanitary and Storm 

Drain, Waste, and Vent Piping Applications 

310-2012................Specification for Coupling for Use in 

Connection with Hubless Cast Iron Soil Pipe and 

Fittings for Sanitary and Storm Drain, Waste, 

and Vent Piping Applications 

F.  Copper Development Association, Inc. (CDA): 

A4015...................Copper Tube Handbook 

G.  International Code Council (ICC): 

IPC-2012................International Plumbing Code  

H.  Manufacturers Standardization Society (MSS): 

SP-123-2013.............Non-Ferrous Threaded and So lder-Joint Unions 

for Use With Copper Water Tube 

I.  National Fire Protection Association (NFPA): 

70-2014.................National Electrical Code (N EC) 

J.  Plumbing and Drainage Institute (PDI): 

WH-201 (R 2010).........Water Hammer Arrestors Stan dard 

K.  Underwriters' Laboratories, Inc. (UL): 

508-99 (R2013)..........Standard For Industrial Con trol Equipment 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, and 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 13 00, FACILITY SANITAR Y AND VENT PIPING”, 

with applicable paragraph identification. 
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C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Piping. 

2.  Floor Drains. 

3.  Not Used 

4.  Cleanouts. 

5.  Not Used 

6.  Penetration Sleeves. 

7.  Pipe Fittings. 

8.  Traps. 

9.  Exposed Piping and Fittings. 

D.  Detailed shop drawing of clamping device and extens ions when required 

in connection with the waterproofing membrane or th e floor drain. 

1.5  QUALITY ASSURANCE 

A.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

1.6  AS-BUILT DOCUMENTATION 

A.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them on Auto-Cad version to be 

determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

B.  Certification documentation shall be provided prior  to submitting the 

request for final inspection. The documentation sha ll include all test 

results, the names of individuals performing work f or the testing 

agency on this project, detailed procedures followe d for all tests, and 

a certification that all results of tests were with in limits specified. 
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PART 2 -  PRODUCTS 

2.1  SANITARY WASTE, DRAIN, AND VENT PIPING 

A.  Cast iron waste, drain, and vent pipe and fittings.  

1.  Cast iron waste, drain, and vent pipe and fittings shall be used for 

the following applications: 

a.  Pipe buried in or in contact with earth. 

b.  Sanitary pipe extensions to a distance of approxima tely 1500 mm 

(5 feet) outside of the building. 

c.  Interior waste and vent piping above grade. 

2.  Cast iron Pipe shall be bell and spigot or hubless (plain end or no-

hub or hubless). 

3.  The material for all pipe and fittings shall be cas t iron soil pipe 

and fittings and shall conform to the requirements of CISPI 301, 

ASTM A888, or ASTM A74. 

4.  Cast iron pipe and fittings shall be made from a mi nimum of 95 

percent post-consumer recycled material. 

5.  Joints for hubless pipe and fittings shall conform to the 

manufacturer’s installation instructions. Couplings  for hubless 

joints shall conform to CISPI 310. Joints for hub a nd spigot pipe 

shall be installed with compression gaskets conform ing to the 

requirements of ASTM C564. 

B.  Copper Tube, (DWV): 

1.  Copper DWV tube sanitary waste, drain and vent pipe  may be used for 

piping above ground, except for urinal drains. 

2.  The copper DWV tube shall be drainage type, drawn t emper conforming 

to ASTM B306. 

3.  The copper drainage fittings shall be cast copper o r wrought copper 

conforming to ASME B16.23 or ASME B16.29. 

4.  The joints shall be lead free, using a water flusha ble flux, and 

conforming to ASTM B32. 

C.  Not Used 

2.2  PUMP DISCHARGE PIPING 

A.  Galvanized steel pump discharge pipe and fittings: 

1.  Galvanized steel pipe shall be Schedule 40 weight c lass conforming 

to ASTM A53/A53M, with square cut grooved or thread ed ends to match 

joining method. 
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2.  Fittings shall be Class 125, gray-iron threaded fit tings conforming 

to ASME B16.4. 

3.  Unions shall be Class 150 hexagonal-stock body with  ball and socket, 

metal to metal, bronze seating surface, malleable i ron conforming to 

ASME B16.39 with female threaded ends. 

4.  Not Used  

B.  Copper pump discharge pipe and fittings: 

1.  Copper tube shall be hard drawn Type L conforming t o ASTM B88. 

2.  Fittings shall be cast copper alloy conforming to A SME B16.18 or 

wrought copper conforming to ASME B16.22 with solde r joint ends. 

3.  Unions shall be copper alloy, hexagonal stock body with ball and 

socket, metal to metal seating surface conforming t o MSS SP-123 with 

female solder-joint or threaded ends. 

4.  Not Used  

5.  Solder shall be lead free, water flushable flux con forming to ASTM 

B32 and ASTM B813. 

2.3  EXPOSED WASTE PIPING 

A.  Chrome plated brass piping of full iron pipe size s hall be used in 

finished rooms for exposed waste piping connecting fixtures, casework, 

cabinets, equipment and reagent racks when not conc ealed by apron 

including those furnished by the Government or spec ified in other 

sections. 

1.  The Pipe shall meet ASTM B43, regular weight. 

2.  The Fittings shall conform to ASME B16.15, ASTM D26 65. 

3.  Nipples shall conform to ASTM B687, Chromium-plated . 

4.  Unions shall be brass or bronze with chrome finish.  Unions 65 mm 

(2-1/2 inches) and larger shall be flange type with  approved 

gaskets. 

B.  In unfinished Rooms such as mechanical Rooms and Ki tchens, 

Chrome-plated brass piping is not required. The pip e materials 

specified under the paragraph “Sanitary Waste, Drai n, and Vent Piping” 

can be used. The sanitary pipe in unfinished rooms shall be painted as 

specified in Section 09 91 00, PAINTING. 

2.4  SPECIALTY PIPE FITTINGS 

A.  Transition pipe couplings shall join piping with sm all differences in 

outside diameters or different materials. End conne ctions shall be of 

the same size and compatible with the pipes being j oined. The 
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transition coupling shall be elastomeric, sleeve ty pe reducing or 

transition pattern and include shear and corrosion resistant metal, 

tension band and tightening mechanism on each end. The transition 

coupling sleeve coupling shall be of the following material: 

1.  For cast iron soil pipes, the sleeve material shall  be rubber 

conforming to ASTM C564. 

2.  Not Used 

3.  For dissimilar pipes, the sleeve material shall be PVC conforming to 

ASTM D5926, or other material compatible with the p ipe materials 

being joined. 

B.  The dielectric fittings shall conform to ASSE 1079 with a pressure 

rating of 861 kPa (125 psig) at a minimum temperatu re of 82 degrees C 

(180 degrees F). The end connection shall be solder  joint copper alloy 

and threaded ferrous. 

C.  Dielectric flange insulating kits shall be of non-c onducting materials 

for field assembly of companion flanges with a pres sure rating of 1035 

kPa (150 psig). The gasket shall be neoprene or phe nolic. The bolt 

sleeves shall be phenolic or polyethylene. The wash ers shall be 

phenolic with steel backing washers. 

D.  The di-electric nipples shall be electroplated stee l nipple complying 

with ASTM F1545 with a pressure rating of 2070 kPa (300 psig) at 107 

degrees C (225 degrees F). The end connection shall  be male threaded. 

The lining shall be inert and noncorrosive propylen e. 

2.5  CLEANOUTS 

A.  Cleanouts shall be the same size as the pipe, up to  100 mm (4 inches); 

and not less than 100 mm (4 inches) for larger pipe . Cleanouts shall be 

easily accessible and shall be gastight and waterti ght. Minimum 

clearance of 600 mm (24 inches) shall be provided f or clearing a 

clogged sanitary line. 

B.  Floor cleanouts shall be gray iron housing with cla mping device and 

round, secured, scoriated, gray iron cover conformi ng to ASME 

A112.36.2M. A gray iron ferrule with hubless, socke t, inside calk or 

spigot connection and counter sunk, taper-thread, b rass or bronze 

closure plug shall be included. The frame and cover  material and finish 

shall be nickel-bronze copper alloy with a square s hape. The cleanout 

shall be vertically adjustable for a minimum of 50 mm (2 inches). When 

a waterproof membrane is used in the floor system, clamping collars 
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shall be provided on the cleanouts. Cleanouts shall  consist of wye 

fittings and eighth bends with brass or bronze scre w plugs. Cleanouts 

in the resilient tile floors, quarry tile and ceram ic tile floors shall 

be provided with square top covers recessed for til e insertion. In the 

carpeted areas, carpet cleanout markers shall be pr ovided. Two way 

cleanouts shall be provided where indicated on draw ings and at every 

building exit. The loading classification for clean outs in sidewalk 

areas or subject to vehicular traffic shall be heav y duty type. 

C.  Cleanouts shall be provided at or near the base of the vertical stacks 

with the cleanout plug located approximately 600 mm  (24 inches) above 

the floor. If there are no fixtures installed on th e lowest floor, the 

cleanout shall be installed at the base of the stac k. The cleanouts 

shall be extended to the wall access cover. Cleanou t shall consist of 

sanitary tees. Nickel-bronze square frame and stain less steel cover 

with minimum opening of 150 by 150 mm (6 by 6 inche s) shall be 

furnished at each wall cleanout. Where the piping i s concealed, a 

fixture trap or a fixture with integral trap, readi ly removable without 

disturbing concealed pipe, shall be accepted as a c leanout equivalent 

providing the opening to be used as a cleanout open ing is the size 

required. 

D.  In horizontal runs above grade, cleanouts shall con sist of cast brass 

tapered screw plug in fitting or caulked/hubless ca st iron ferrule. 

Plain end (hubless) piping in interstitial space or  above ceiling may 

use plain end (hubless) blind plug and clamp. 

2.6  FLOOR DRAINS 

A.  General Data: floor drain shall comply with ASME A1 12.6.3. A caulking 

flange, inside gasket, or hubless connection shall be provided for 

connection to cast iron pipe, screwed or no hub out lets for connection 

to steel pipe. The drain connection shall be bottom  outlet. A membrane 

clamp and extensions shall be provided, if required , where installed in 

connection with waterproof membrane. Puncturing mem brane other than for 

drain opening will not be permitted. Double drainag e pattern floor 

drains shall have integral seepage pan for embeddin g into floor 

construction, and weep holes to provide adequate dr ainage from pan to 

drain pipe. For drains not installed in connection with a waterproof 

membrane, a flashing membrane, 600 mm (24 inches) s quare or another 

approved waterproof membrane shall be provided. 
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B.  Not Used  

C.  Not Used  

D.  Not Used  

E.  Type E (FD-E) floor drain shall comply with ASME A1 12.6.3. The type E 

floor drain shall have a heavy, cast iron body, dou ble drainage 

pattern, heavy non-tilting ductile iron grate not l ess than 300 mm (12 

inches) square, removable sediment bucket. Clearanc e between body and 

bucket shall be ample for free flow of waste water.  For traffic use, an 

extra heavy duty load classification ductile iron g rate shall be 

provided. 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

J.  Not Used  

K.  Not Used  

L.  Not Used  

M.  Not Used 

N.  Not Used  

O.  Not Used  

P.  Not Used  

Q.  Not Used 

R.  Not Used 

S.  Not Used 

T.  Not Used 

U.  Not Used 

V.  Not Used 

W. Not Used 

X.  Not Used 

2.7  TRAPS 

A.  Traps shall be provided on all sanitary branch wast e connections from 

fixtures or equipment not provided with traps. Expo sed brass shall be 

polished brass chromium plated with nipple and set screw escutcheons. 

Concealed traps may be rough cast brass or same mat erial as the piping 

they are connected to. Slip joints are not permitte d on sewer side of 

trap. Traps shall correspond to fittings on cast ir on soil pipe or 



09-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

22 13 00 - 11 

steel pipe respectively, and size shall be as requi red by connected 

service or fixture. 

2.8  PRIMER VALVES AND TRAP SEAL PRIMER SYSTEMS – NOT US ED 

2.9  PENETRATION SLEEVES 

A.  A sleeve flashing device shall be provided at point s where pipes pass 

through membrane waterproofed floors or walls. The sleeve flashing 

device shall be manufactured, cast iron fitting wit h clamping device 

that forms a sleeve for the pipe floor penetration of the floor 

membrane. A galvanized steel pipe extension shall b e included in the 

top of the fitting that will extend 50 mm (2 inches ) above finished 

floor and galvanized steel pipe extension in the bo ttom of the fitting 

that will extend through the floor slab. A waterpro of caulked joint 

shall be provided at the top hub. 

PART 3 -  EXECUTION 

3.1  PIPE INSTALLATION 

A.  The pipe installation shall comply with the require ments of the 

International Plumbing Code (IPC) and these specifi cations. 

B.  Branch piping shall be installed for waste from the  respective piping 

systems and connect to all fixtures, valves, cocks,  outlets, casework, 

cabinets and equipment, including those furnished b y the Government or 

specified in other sections. 

C.  Pipe shall be round and straight. Cutting shall be done with proper 

tools. Pipe shall be reamed to full size after cutt ing. 

D.  All pipe runs shall be laid out to avoid interferen ce with other work. 

E.  The piping shall be installed above accessible ceil ings where possible. 

F.  The piping shall be installed to permit valve servi cing or operation. 

G.  The piping shall be installed free of sags and bend s. 

H.  Not Used 

I.  Changes in direction for soil and waste drainage an d vent piping shall 

be made using appropriate branches, bends and long sweep bends. 

Sanitary tees and short sweep quarter bends may be used on vertical 

stacks if change in direction of flow is from horiz ontal to vertical. 

Long turn double wye branch and eighth bend fitting s shall be used if 

two fixtures are installed back to back or side by side with common 

drain pipe. Straight tees, elbows, and crosses may be used on vent 

lines. Do not change direction of flow more than 90  degrees. Proper 

size of standard increaser and reducers shall be us ed if pipes of 
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different sizes are connected. Reducing size of dra inage piping in 

direction of flow is prohibited. 

J.  Buried soil and waste drainage and vent piping shal l be laid beginning 

at the low point of each system. Piping shall be in stalled true to 

grades and alignment indicated with unbroken contin uity of invert. Hub 

ends shall be placed upstream. Required gaskets sha ll be installed 

according to manufacturer’s written instruction for  use of lubricants, 

cements, and other installation requirements. 

K.  Cast iron piping shall be installed according to CI SPI’s “Cast Iron 

Soil Pipe and Fittings Handbook,” Chapter IV, “Inst allation of Cast 

Iron Soil Pipe and Fittings” 

L.  Aboveground copper tubing shall be installed accord ing to Copper 

Development Association’s (CDA) “Copper Tube Handbo ok”. 

M.  Not Used 

N.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no cost to the Governme nt. 

3.2  JOINT CONSTRUCTION 

A.  Hub and spigot, cast iron piping with gasket joints  shall be joined in 

accordance with CISPI’s “Cast Iron Soil Pipe and Fi ttings Handbook” for 

compression joints. 

B.  Hub and spigot, cast iron piping with calked joints  shall be joined in 

accordance with CISPI’s “Cast Iron Soil Pipe and Fi ttings Handbook” for 

lead and oakum calked joints. 

C.  Hubless or No-hub, cast iron piping shall be joined  in accordance with 

CISPI’s “Cast Iron Soil Pipe and Fittings Handbook”  for hubless piping 

coupling joints. 

D.  For threaded joints, thread pipe with tapered pipe threads according to 

ASME B1.20.1. The threads shall be cut full and cle an using sharp disc 

cutters. Threaded pipe ends shall be reamed to remo ve burrs and 

restored to full pipe inside diameter. Pipe fitting s and valves shall 

be joined as follows: 

1.  Apply appropriate tape or thread compound to extern al pipe threads 

unless dry seal threading is required by the pipe s ervice. 

2.  Pipe sections with damaged threads shall be replace d with new 

sections of pipe. 
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E.  Copper tube and fittings with soldered joints shall  be joined according 

to ASTM B828. A water flushable, lead free flux con forming to ASTM B813 

and a lead free alloy solder conforming to ASTM B32  shall be used. 

F.  Not Used 

3.3  SPECIALTY PIPE FITTINGS 

A.  Transition coupling shall be installed at pipe join ts with small 

differences in pipe outside diameters. 

B.  Dielectric fittings shall be installed at connectio ns of dissimilar 

metal piping and tubing. 

3.4  PIPE HANGERS, SUPPORTS AND ACCESSORIES 

A.  All piping shall be supported according to the Inte rnational Plumbing 

Code (IPC), Section 22 05 11, COMMON WORK RESULTS F OR PLUMBING, and 

these specifications. Where conflicts arise between  these the code and 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING the most restrictive 

or the requirement that specifies supports with hig hest loading or 

shortest spacing shall apply. 

B.  Hangers, supports, rods, inserts and accessories us ed for pipe supports 

shall be painted according to Section 09 91 00, PAI NTING. Electroplated 

copper hanger rods, hangers and accessories may be used with copper 

tubing. 

C.  Horizontal piping and tubing shall be supported wit hin 300 mm (12 

inches) of each fitting or coupling. 

D.  Horizontal cast iron piping shall be supported with  the following 

maximum horizontal spacing and minimum hanger rod d iameters: 

1.  40 mm or DN40 to 50 mm or DN50 (NPS 1-1/2 inch to N PS 2 inch): 1500 

mm (60 inches) with 10 mm (3/8 inch) rod. 

2.  75 mm or DN75 (NPS 3 inch): 1500 mm (60 inches) wit h 15 mm (1/2 

inch) rod. 

3.  100 mm or DN100 to 125 mm or DN125 (NPS 4 inch to N PS 5 inch): 1500 

mm (60 inches) with 18 mm (5/8 inch) rod. 

4.  150 mm or DN150 to 200 mm or DN200 (NPS 6 inch to N PS 8 inch): 1500 

mm (60 inches) with 20 mm (3/4 inch) rod. 

5.  Not Used 

E.  Not Used 

F.  Vertical piping and tubing shall be supported at th e base, at each 

floor, and at intervals no greater than 4.6 m (15 f eet). 
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G.  In addition to the requirements in Section 22 05 11 , COMMON WORK 

RESULTS FOR PLUMBING, Floor, Wall and Ceiling Plate s, Supports, Hangers 

shall have the following characteristics: 

1.  Solid or split unplated cast iron. 

2.  All plates shall be provided with set screws. 

3.  Height adjustable clevis type pipe hangers. 

4.  Adjustable floor rests and base flanges shall be st eel. 

5.  Hanger rods shall be low carbon steel, fully thread ed or threaded at 

each end with two removable nuts at each end for po sitioning rod and 

hanger and locking each in place. 

6.  Riser clamps shall be malleable iron or steel. 

7.  Rollers shall be cast iron. 

8.  See Section 22 05 11, COMMON WORK RESULTS FOR PLUMB ING, for 

requirements on insulated pipe protective shields a t hanger 

supports. 

H.  Miscellaneous materials shall be provided as specif ied, required, 

directed or as noted on the drawings for proper ins tallation of 

hangers, supports and accessories. If the vertical distance exceeds 6.1 

m (20 feet) for cast iron pipe additional support s hall be provided in 

the center of that span. All necessary auxiliary st eel shall be 

provided to provide that support. 

I.  Cast escutcheon with set screw shall be provided at  each wall, floor 

and ceiling penetration in exposed finished locatio ns and within 

cabinets and millwork. 

J.  Penetrations: 

1.  Fire Stopping: Where pipes pass through fire partit ions, fire walls, 

smoke partitions, or floors, a fire stop shall be i nstalled that 

provides an effective barrier against the spread of  fire, smoke and 

gases as specified in Section 07 84 00, FIRESTOPPIN G. Clearances 

between raceways and openings shall be completely f illed and sealed 

with the fire stopping materials. 

2.  Water proofing: At floor penetrations, clearances s hall be 

completely sealed around the pipe and make watertig ht with sealant 

as specified in Section 07 92 00, JOINT SEALANTS. 

K.  Exhaust vents shall be extended separately through roof. Sanitary vents 

shall not connect to exhaust vents. 
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3.5  TESTS 

A.  Sanitary waste and drain systems shall be tested ei ther in its entirety 

or in sections. 

B.  Waste System tests shall be conducted before trench es are backfilled or 

fixtures are connected. A water test or air test sh all be conducted, as 

directed. 

1.  If entire system is tested for a water test, tightl y close all 

openings in pipes except highest opening, and fill system with water 

to point of overflow. If the waste system is tested  in sections, 

tightly plug each opening except highest opening of  section under 

test, fill each section with water and test with at  least a 3 m (10 

foot) head of water. In testing successive sections , test at least 

upper 3 m (10 feet) of next preceding section so th at each joint or 

pipe except upper most 3 m (10 feet) of system has been submitted to 

a test of at least a 3 m (10 foot) head of water. W ater shall be 

kept in the system, or in portion under test, for a t least 15 

minutes before inspection starts. System shall then  be tight at all 

joints. 

2.  For an air test, an air pressure of 34 kPa (5 psig)  gage shall be 

maintained for at least 15 minutes without leakage.  A force pump and 

mercury column gage shall be used for the air test.  

3.  After installing all fixtures and equipment, open w ater supply so 

that all p-traps can be observed. For 15 minutes of  operation, all 

p-traps shall be inspected for leaks and any leaks found shall be 

corrected. 

4.  Final Tests: Either one of the following tests may be used. 

a.  Smoke Test: After fixtures are permanently connecte d and traps 

are filled with water, fill entire drainage and ven t systems with 

smoke under pressure of .25 kPa (1 inch of water) w ith a smoke 

machine. Chemical smoke is prohibited. 

b.  Peppermint Test: Introduce 60 ml (2 ounces) of pepp ermint into 

each line or stack. 

3.6  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 
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SECTION 22 14 29 
SUMP PUMPS 

 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A.  Sump pumps. See schedule on Drawings for pump capac ity and head. 

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2 RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Not Used 

F.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.   

G.  Section 22 05 12, GENERAL MOTOR REQUIREMENTS FOR PL UMBING EQUIPMENT. 

H.  Section 22 05 23, GENERAL-DUTY VALVES FOR PLUMBING PIPING  

I.  SECTION 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS . Requirements for 

commissioning, systems readiness checklist, and tra ining. 

J.  Section 26 29 11, MOTOR CONTROLLERS. 

1.3 APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  American National Standard Institute (ANSI)/Hydraul ic Institute (HI): 

1.1-1.2-2014............Rotodynamic Centrifugal Pum ps for Nomenclature 

and Definitions 

1.3-2013................Rotodynamic Centrifugal Pum ps for Design and 

Application 

1.4-2014................Rotodynamic Centrifugal Pum ps for Manuals 

Describing Installation, Operation, and 

Maintenance 

C.  ASTM International (ASTM): 

A48/A48M-2003 (R2012)...Standard Specification for Gray Iron Castings 

A532/A532M-2010 (R2014).Standard Specification for Abrasion-Resistant 

Cast Irons 
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B584-2014...............Standard Specification for Copper Alloy Sand 

Castings for General Applications 

D.  National Electrical Manufacturers Association (NEMA ): 

ICS 6-1993 (R2001, R2006) Industrial Control and Sy stems: 

Enclosures 

250-2014................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

E.  Underwriters' Laboratories, Inc. (UL): 

508-1999 (R2013)........Standards for Industrial Co ntrol Equipment 

1.4 SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 14 29, SUMP PUMPS”, wit h applicable 

paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Pump: 

a.  Manufacturer and model. 

b.  Operating speed (rpm). 

c.  Capacity. 

d.  Characteristic performance curves. 

2.  Electric Motor: 

a.  Manufacturer. 

b.  Speed. 

c.  Current Characteristics and W (HP). 

d.  Efficiency. 

3.  Control panel. 

4.  Sensors. 

D.  Certified copies of all the factory and constructio n site test data 

sheets and reports. 

E.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets and information for ordering replacement parts: 

1.  Include complete list which indicates all component s of the system. 
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2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance, and troubl eshooting.  

F.  Completed System Readiness Checklist provided by th e CxA and completed 

by the contractor, signed by a qualified technician  and dated on the 

date of completion, in accordance with the requirem ents of Section 22 

08 00, COMMISSIONING OF PLUMBING SYSTEMS. 

G.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

1.5 QUALITY ASSURANCE 

A.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

1.6 AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, substitutions and construction rev isions shall be in 

electronic version on compact disc or DVD and inser ted into a three 

ring binder. All aspects of system operation and ma intenance 

procedures, including piping isometrics, wiring dia grams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices such as dam per and door closure 

interlocks shall be included. A List of recommended  spare parts 

(manufacturer, model number, and quantity) shall be  furnished. 

Information explaining any special knowledge or too ls the owner will be 

required to employ shall be inserted into the As-Bu ilt documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 
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at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them in Auto-CADD  version to be 

determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

D.  Certification documentation shall be provided to CO R 10 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and a certification that al l results of tests 

were within limits specified. 

PART 2 -  PRODUCTS 

2.1 SUMP PUMP 

A.  Centrifugal, vertical, submersible pump and motor d esigned for 140 

degrees F maximum water service. Driver shall be el ectric motor. 

Support shall be rigid type. Provide perforated, su ction strainer. 

Systems may include one, two, or more pumps with al ternator as required 

by Contract Documents. Pumps shall be capable of co ntinuous duty cycle. 

1.  Pump housings may be cast iron, bronze, aluminum or  stainless steel. 

Cast iron and aluminum housings for submersible pum ps shall be epoxy 

coated. Bio-based materials shall be utilized when possible. 

B.  Impeller: Statically and dynamically balanced, keye d and secured to 

shaft, cast iron ASTM A532/A532M.  

C.  Shaft: Stainless steel or other approved corrosion- resisting metal.  

D.  Bearings: As required to hold shaft alignment, anti -friction type for 

thrust permanently lubricated. Bio-based materials shall be utilized 

when possible. 

E.  Seal: Mechanical. 

F.  Motor: Maximum 40 degrees C (104 degrees F) ambient  temperature rise 

above the maximum fluid temperature being pumped , drip-proof 

hermitically sealed, lifting eye, capacitor start t ype, voltage and 

phase as shown in schedule on Electrical drawings c onforming to NEMA 

Type 1. Size the motor capacity to operate pump wit hout overloading the 

motor at any point on the pump curve. Refer to Sect ion 22 05 12, 

GENERAL MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT. 

G.  Not Used  
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H.  Automatic Control and Level Alarm: Furnish a contro l panel in a NEMA 1 

enclosure for indoors or in a NEMA 4X enclosure for  outdoors. The 

controls shall be suitable for operation with the e lectrical 

characteristics listed on the Electrical drawings. The control panel 

shall have a level control system with switches to start and stop pumps 

automatically, and to activate a high water alarm. The level control 

system shall include sensors in the sump that detec t the level of the 

liquid. The pump is also connected to a control whi ch has the ability 

to prevent oil from being pumped. The same unit sha ll activate an alarm 

when oil is detected. The sensors may be float type  switches, 

ultrasonic level sensors, or transducers. The high water alarm shall 

have a red beacon light at the control panel and a buzzer, horn, or 

bell. The alarm shall have a silencing switch. Prov ide auxiliary 

contacts for remote communication with, and alarm m onitoring to, the 

BAS using a BACnet compatible open-protocol type in terface to DDC 

Controls System. 

1.  The circuitry of the control panel shall include: 

a.  Power switch to turn on/off the automatic control m echanism 

b.  HOA switches to manually override automatic control  mechanism 

c.  Run lights to indicate when pumps are powered up 

d.  Level status lights to indicate when water in sump has reached 

the predetermined on/off and alarm levels 

e.  Magnetic motor contactors 

f.  Disconnect/breaker for each pump 

g.  Automatic motor overload protection 

h.  Wiring terminal block 

i.  Dead front 

j.  Auxiliary contacts 

k.  Control circuit protection 

l.  Fused control step down transformer 

2.  Sensors that detect the level of water in the sump shall be so 

arranged as to allow the accumulation of enough vol ume of liquid 

below the normal on-level that the pump will run fo r a minimum cycle 

time as recommended by the pump manufacturer. Senso rs shall be 

located to activate the alarm adequately before the  water level 

rises to the inlet pipe. 
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3.  Provide two separate power supplies to the control panel, one for 

the control/alarm circuitry and one for power to th e pump motors. 

Each power supply is to be fed from its own breaker  so that if a 

pump overload trips a breaker, the alarm system sha ll still 

function. Each power supply is to be wired in its o wn conduit. 

4.  Wiring from the sump to the control panel shall hav e separate 

conduits for the pump power and for the sensor swit ches. All 

conduits are to be sealed at the basin and at the c ontrol panel to 

prevent the intrusion of moisture and of flammable and/or corrosive 

gases. 

I.  Sump: Furnish fiberglass basin with gas tight cover s. Cover shall have 

275 mm by 381 mm (11 inch by 15 inch) manhole with bolted cover, vent 

connection, openings for pumps and controls. Sump s hall be sized to 

allow an adequate volume of water to accumulate for  a minimum one 

minute cycle of pump operation. 

J.  Provide a check and ball valve in the discharge of each pump. Refer to 

Section 22 05 23, GENERAL-DUTY VALVES FOR PLUMBING PIPING. 

K.  Removal/Disconnect System: In a system utilizing a submersible pump, 

where sump depth, pump size, or other conditions ma ke removal of the 

pump unusually difficult or unsafe, a manufacturer’ s removal/disconnect 

system shall be provided. The system shall consist of a discharge 

fitting mounted on vertical guide rails attached to  the sump or quick 

connect pipe fitting connection to piping. The pump  shall be fitted 

with an adapter fitting that easily connects to/dis connects from the 

discharge fitting as the pump is raised from or low ered into the sump. 

The discharge piping shall connect to the discharge  fitting so that it 

is disconnected without workers entering the pit. W here the sump depth 

is greater than five feet or other conditions exist  to make the removal 

of the pump difficult or hazardous, the system shal l include a rail 

guided quick disconnect apparatus to allow the pump  to be pulled up out 

of the sump.  

PART 3 -  EXECUTION 

3.1 STARTUP AND TESTING 

A.  Pump installation to comply with ANSI/HI 1.4 for su mp pumps. 

B.  Leak Test: Charge piping system and test for leaks.  Test until there 

are no leaks. Make tests as recommended by product manufacturer and 

listed standards and under actual or simulated oper ating conditions and 
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prove full compliance with design and specified req uirements. Tests of 

the various items of equipment shall be performed s imultaneously with 

the system of which each item is an integral part.  

C.  The tests shall include system capacity and all con trol and alarm 

functions. 

D.  When any defects are detected, correct defects and repeat test.  

E.  The CxA will observe startup and contractor testing  of selected 

equipment. Coordinate the startup and contractor te sting schedules with 

the COR and CxA. Contractor shall provide a minimum  of 10 working days 

prior to startup and testing.  

3.2 COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.3 DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA Personnel in operation and mai ntenance of units. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

- - - E N D - - - 
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SECTION 22 40 00 
PLUMBING FIXTURES 

 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Plumbing fixtures associated trim and fittings nece ssary to make a 

complete installation from wall or floor connection s to rough piping, 

and certain accessories.  

B.  A complete listing of all acronyms and abbreviation s are included in 

Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 07 92 00, JOINT SEALANTS: Sealing between f ixtures and other 

finish surfaces. 

F.  Section 08 31 13, ACCESS DOORS AND FRAMES: Flush pa nel access doors. 

G.  Not Used 

H.  Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING.  

I.  Section 22 08 00, COMMISSIONING OF PLUMBING SYSTEMS : Requirements for 

commissioning, systems readiness checklist, and tra ining. 

J.  22 13 00, FACILITY SANITARY AND VENT PIPING. 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  The American Society of Mechanical Engineers (ASME) : 

A112.6.1M-1997 (R2012)..Supports for Off-the-Floor Plumbing Fixtures 

for Public Use 

A112.19.1-2013..........Enameled Cast Iron and Enam eled Steel Plumbing 

Fixtures 

A112.19.2-2013..........Ceramic Plumbing Fixtures 

A112.19.3-2008..........Stainless Steel Plumbing Fi xtures 

C.  American Society for Testing and Materials (ASTM): 

A276-2013a..............Standard Specification for Stainless Steel Bars 

and Shapes 
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B584-2008...............Standard Specification for Copper Alloy Sand 

Castings for General Applications 

D.  CSA Group: 

B45.4-2008 (R2013)......Stainless Steel Plumbing Fi xtures 

E.  National Association of Architectural Metal Manufac turers (NAAMM): 

AMP 500-2006............Metal Finishes Manual 

F.  American Society of Sanitary Engineering (ASSE): 

1016-2011...............Automatic Compensating Valv es for Individual 

Showers and Tub/Shower Combinations 

G.  NSF International (NSF): 

14-2013.................Plastics Piping System Comp onents and Related 

Materials 

61-2013.................Drinking Water System Compo nents – Health 

Effects 

372-2011................Drinking Water System Compo nents – Lead Content 

H.  American with Disabilities Act (A.D.A)  

I.  International Code Council (ICC): 

IPC-2015................International Plumbing Code  

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 22 40 00, PLUMBING FIXTURE S”, with applicable 

paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, 

connections, and capacity.  

D.  Operating Instructions: Comply with requirements in  Section 01 00 00, 

GENERAL REQUIREMENTS. 

E.  Completed System Readiness Checklist provided by th e CxA and completed 

by the Contractor, signed by a qualified technician  and dated on the 

date of completion, in accordance with the requirem ents of Section 22 

08 00, COMMISSIONING OF PLUMBING SYSTEMS. 
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F.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Bio-Based Materials: For products designated by the  USDA’s Bio-

Preferred Program, provide products that meet or ex ceed USDA 

recommendations for bio-based content, so long as p roducts meet all 

performance requirements in this specifications sec tion. For more 

information regarding the product categories covere d by the Bio-

Preferred Program, visit http://www.biopreferred.gov . 

1.6  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, substitutions and construction rev isions shall be in 

electronic version on compact disc or DVD and inser ted into a three 

ring binder. All aspects of system operation and ma intenance 

procedures, including piping isometrics, wiring dia grams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices such as dam per and door closure 

interlocks shall be included. A List of recommended  spare parts 

(manufacturer, model number, and quantity) shall be  furnished. 

Information explaining any special knowledge or too ls the owner will be 

required to employ shall be inserted into the As-Bu ilt documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  As-built drawings 

are to be provided, and a copy of them in AutoCAD v ersion to be 

determined during construction provided on compact disk or DVD. Should 

the installing contractor engage the testing compan y to provide as-

built or any portion thereof, it shall not be deeme d a conflict of 

interest or breach of the ‘third party testing comp any’ requirement. 

D.  Certification documentation shall be provided to CO R 10 working days 

prior to submitting the request for final inspectio n. The documentation 
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shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and certification that all results of tests 

were within limits specified. 

PART 2 -  PRODUCTS 

2.1  MATERIALS 

A.  Material or equipment containing a weighted average  of greater than 

0.25 percent lead is prohibited in any potable wate r system intended 

for human consumption and shall be certified in acc ordance with NSF 61 

or NSF 372. Endpoint devices used to dispense water  for drinking shall 

meet the requirements of NSF 61. 

B.  Not Used 

2.2  STAINLESS STEEL – NOT USED 

2.3  STOPS 

A.  Provide lock-shield loose key or screw driver patte rn angle stops, 

straight stops or stops integral with faucet, with each compression 

type faucet whether specifically called for or not,  including sinks in 

solid-surface, wood and metal casework, laboratory furniture and 

pharmacy furniture. Locate stops centrally above or  below fixture in 

accessible location. 

B.  Furnish keys for lock shield stops to the COR. 

C.  Supply from stops not integral with faucet shall be  chrome plated 

copper flexible tubing or flexible stainless steel with inner core of 

non-toxic polymer. 

D.  Supply pipe from wall to valve stop shall be rigid threaded IPS copper 

alloy pipe, i.e. red brass pipe nipple, chrome plat ed where exposed. 

E.  Not Used 

2.4  ESCUTCHEONS 

A.  Heavy type, chrome plated, with set screws. Provide  for piping serving 

plumbing fixtures and at each wall, ceiling and flo or penetrations in 

exposed finished locations and within cabinets and millwork. 

2.5  LAMINAR FLOW CONTROL DEVICE – NOT USED 

2.6  CARRIERS – NOT USED 

2.7  WATER CLOSETS – NOT USED 
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2.8  URINALS – NOT USED 

2.9  BATHTUBS – NOT USED 

2.10  LAVATORIES – NOT USED 

2.11  SINKS AND LAUNDRY TUBS – NOT USED 

2.12  DISPENSER, DRINKING WATER – NOT USED 

2.13  SHOWER BATH FIXTURE – NOT USED 

2.14  EMERGENCY FIXTURES – NOT USED 

2.15  HYDRANT, HOSE BIBB AND MISCELLANEOUS DEVICES 

A.  Not  Used 

B.  Not Used 

C.  (P-804) Hose Bibb (Single Faucet, Wall Mounted to C oncealed or Exposed 

Supply Pipe): Cast or wrought copper alloy, single faucet with 

replaceable Monel seat, removable replacement unit containing all parts 

subject to wear, mounted on wall 914 mm (36 inches)  above floor to 

concealed supply pipe. Provide faucet with 19 mm (3 /4 inch) hose 

coupling thread on spout and vacuum breaker. Four-a rm handle on faucet 

shall be cast, formed or drop forged copper alloy. Escutcheons shall be 

either forged copper alloy or CRS. Exposed metal pa rts, including 

exposed part under valve handle when in open positi on, shall have a 

bright finish. 

D.  Not Used  

E.  Not Used  

F.  Not Used  

G.  Not Used  

H.  Not Used  

I.  Not Used  

J.  Not Used  

2.16  MENTAL HEALTH PLUMBING FIXTURES – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  Fixture Setting: Opening between fixture and floor and wall finish 

shall be sealed as specified under Section 07 92 00 , JOINT SEALANTS. 

Bio-based materials shall be utilized when possible . 

B.  Supports and Fastening: Secure all fixtures, equipm ent and trimmings to 

partitions, walls and related finish surfaces. Expo sed heads of bolts 

and nuts in finished rooms shall be hexagonal, poli shed chrome plated 

brass with rounded tops. 
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C.  Not Used 

D.  Toggle Bolts: For hollow masonry units, finished or  unfinished. 

E.  Expansion Bolts: For brick or concrete or other sol id masonry. Shall be 

6 mm (1/4 inch) diameter bolts, and to extend at le ast 76 mm (3 inches) 

into masonry and be fitted with loose tubing or sle eves extending into 

masonry. Wood plugs, fiber plugs, lead or other sof t metal shields are 

prohibited. 

F.  Power Set Fasteners: May be used for concrete walls , shall be 6 mm (1/4 

inch) threaded studs, and shall extend at least 32 mm (1 1/4 inches) 

into wall. 

G.  Tightly cover and protect fixtures and equipment ag ainst dirt, water 

and chemical or mechanical injury. 

H.  Not Used 

I.  Not Used 

J.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no cost or additional t ime to the 

Government. 

3.2  CLEANING 

A.  At completion of all work, fixtures, exposed materi als and equipment 

shall be thoroughly cleaned. 

3.3  WATERLESS URINAL – NOT USED 

3.4  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 22 08 00, COMMISSIONING OF PLUMBING SYST EMS. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.5  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA Personnel in operation and mai ntenance of the 

system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 22 08 00, COMMISSIONING  OF PLUMBING 

SYSTEMS. 

- - - E N D - - - 
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SECTION 23 05 11 
COMMON WORK RESULTS FOR HVAC 

 

PART 1 - GENERAL 

1.1  DESCRIPTION 

A.  The requirements of this Section apply to all secti ons of Division 23. 

B.  Definitions: 

1.  Exposed: Piping, ductwork, and equipment exposed to  view in finished 

rooms. 

2.  Exterior: Piping, ductwork, and equipment exposed t o weather be it 

temperature, humidity, precipitation, wind, or sola r radiation. 

C.  Abbreviations/Acronyms: 

1.  ac: Alternating Current 

2.  ACR: Air Conditioning and Refrigeration 

3.  AI: Analog Input 

4.  AISI: American Iron and Steel Institute 

5.  AO: Analog Output 

6.  ASJ: All Service Jacket 

7.  AWG: American Wire Gauge 

8.  BACnet: Building Automation and Control Networking Protocol 

9.  BAg: Silver-Copper-Zinc Brazing Alloy 

10.  BAS: Building Automation System 

11.  BCuP: Silver-Copper-Phosphorus Brazing Alloy 

12.  bhp: Brake Horsepower 

13.  Btu: British Thermal Unit 

14.  Btu/h: British Thermal Unit Per Hour 

15.  CDA: Copper Development Association 

16.  C: Celsius 

17.  CD: Compact Disk 

18.  CFM: Cubic Foot Per Minute 

19.  CH: Chilled Water Supply 

20.  CHR: Chilled Water Return 

21.  CLR: Color 

22.  CO: Carbon Monoxide 

23.  COR: Contracting Officer’s Representative 

24.  CPD: Condensate Pump Discharge 

25.  CPM: Cycles Per Minute 
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26.  CPVC: Chlorinated Polyvinyl Chloride 

27.  CRS: Corrosion Resistant Steel 

28.  CTPD: Condensate Transfer Pump Discharge 

29.  CTPS: Condensate Transfer Pump Suction 

30.  CW: Cold Water 

31.  CWP: Cold Working Pressure 

32.  CxA: Commissioning Agent 

33.  dB: Decibels 

34.  dB(A): Decibels (A weighted) 

35.  DDC: Direct Digital Control 

36.  DI: Digital Input 

37.  DO: Digital Output 

38.  DVD: Digital Video Disc 

39.  DN: Diameter Nominal 

40.  DWV: Drainage, Waste and Vent 

41.  EPDM: Ethylene Propylene Diene Monomer 

42.  EPT: Ethylene Propylene Terpolymer 

43.  ETO: Ethylene Oxide 

44.  F: Fahrenheit 

45.  FAR: Federal Acquisition Regulations 

46.  FD: Floor Drain 

47.  FED: Federal 

48.  FG: Fiberglass 

49.  FGR: Flue Gas Recirculation 

50.  FOS: Fuel Oil Supply 

51.  FOR: Fuel Oil Return 

52.  FSK: Foil-Scrim-Kraft facing 

53.  FWPD: Feedwater Pump Discharge 

54.  FWPS: Feedwater Pump Suction 

55.  GC: Chilled Glycol Water Supply 

56.  GCR: Chilled Glycol Water Return 

57.  GH: Hot Glycol Water Heating Supply 

58.  GHR: Hot Glycol Water Heating Return 

59.  gpm: Gallons Per Minute 

60.  HDPE: High Density Polyethylene 

61.  Hg: Mercury 

62.  HOA: Hands-Off-Automatic 
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63.  hp: Horsepower 

64.  HPS: High Pressure Steam (414 kPa (60 psig) and abo ve) 

65.  HPR: High Pressure Steam Condensate Return 

66.  HW: Hot Water 

67.  HWH: Hot Water Heating Supply 

68.  HWHR: Hot Water Heating Return 

69.  Hz: Hertz 

70.  ID: Inside Diameter 

71.  IPS: Iron Pipe Size 

72.  kg: Kilogram 

73.  klb: 1000 lb 

74.  kPa: Kilopascal 

75.  lb: Pound 

76.  lb/hr: Pounds Per Hour 

77.  L/s: Liters Per Second 

78.  L/min: Liters Per Minute 

79.  LPS: Low Pressure Steam (103 kPa (15 psig) and belo w) 

80.  LPR: Low Pressure Steam Condensate Gravity Return 

81.  MAWP: Maximum Allowable Working Pressure 

82.  MAX: Maximum 

83.  MBtu/h: 1000 Btu/h 

84.  MBtu: 1000 Btu 

85.  MED: Medical 

86.  m: Meter 

87.  MFG: Manufacturer 

88.  mg: Milligram 

89.  mg/L: Milligrams Per Liter 

90.  MIN: Minimum 

91.  MJ: Megajoules 

92.  ml: Milliliter 

93.  mm: Millimeter 

94.  MPS: Medium Pressure Steam (110 kPa (16 psig) throu gh 414 kPa (60 

psig)) 

95.  MPR: Medium Pressure Steam Condensate Return 

96.  MW: Megawatt 

97.  NC: Normally Closed 

98.  NF: Oil Free Dry (Nitrogen) 
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99.  Nm: Newton Meter 

100.  NO: Normally Open 

101.  NOx: Nitrous Oxide 

102.  NPT: National Pipe Thread 

103.  NPS: Nominal Pipe Size 

104.  OD: Outside Diameter 

105.  OSD: Open Sight Drain 

106.  OS&Y: Outside Stem and Yoke 

107.  PC: Pumped Condensate 

108.  PID: Proportional-Integral-Differential 

109.  PLC: Programmable Logic Controllers 

110.  PP: Polypropylene 

111.  PPE: Personal Protection Equipment 

112.  ppb: Parts Per Billion 

113.  ppm: Parts Per Million 

114.  PRV: Pressure Reducing Valve  

115.  PSIA: Pounds Per Square Inch Absolute 

116.  psig: Pounds Per Square Inch Gauge 

117.  PTFE: Polytetrafluoroethylene 

118.  PVC: Polyvinyl Chloride 

119.  PVDC: Polyvinylidene Chloride Vapor Retarder Jacket ing, White 

120.  PVDF: Polyvinylidene Fluoride 

121.  rad: Radians 

122.  RH: Relative Humidity 

123.  RO: Reverse Osmosis 

124.  rms: Root Mean Square 

125.  RPM: Revolutions Per Minute 

126.  RS: Refrigerant Suction 

127.  RTD: Resistance Temperature Detectors 

128.  RTRF: Reinforced Thermosetting Resin Fittings 

129.  RTRP: Reinforced Thermosetting Resin Pipe 

130.  SCFM: Standard Cubic Feet Per Minute 

131.  SPEC: Specification 

132.  SPS: Sterile Processing Services 

133.  STD: Standard 

134.  SDR: Standard Dimension Ratio 

135.  SUS: Saybolt Universal Second 
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136.  SW: Soft water 

137.  SWP: Steam Working Pressure 

138.  TAB: Testing, Adjusting, and Balancing 

139.  TDH: Total Dynamic Head 

140.  TEFC: Totally Enclosed Fan-Cooled 

141.  TFE: Tetrafluoroethylene 

142.  THERM: 100,000 Btu 

143.  THHN: Thermoplastic High-Heat Resistant Nylon Coate d Wire 

144.  THWN: Thermoplastic Heat & Water-Resistant Nylon Co ated Wire 

145.  T/P: Temperature and Pressure 

146.  USDA: U.S. Department of Agriculture 

147.  V: Volt 

148.  VAC: Vacuum 

149.  VA: Veterans Administration 

150.  VAC: Voltage in Alternating Current 

151.  VA CFM: VA Construction & Facilities Management 

152.  VA CFM CSS: VA Construction & Facilities Management , Consulting 

Support Service 

153.  VAMC: Veterans Administration Medical Center 

154.  VHA OCAMES: Veterans Health Administration – Office  of Capital 

Asset Management Engineering and Support 

155.  VR: Vacuum condensate return 

156.  WCB: Wrought Carbon Steel, Grade B 

157.  WG: Water Gauge or Water Column 

158.  WOG: Water, Oil, Gas 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 74 19, CONSTRUCTION WASTE MANAGEMENT. 

D.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS 

E.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

F.  Section 02 82 11, TRADITIONAL ASBESTOS ABATEMENT. 

G.  Section 03 30 00, CAST-IN-PLACE CONCRETE. 

H.  Section 05 31 00, STEEL DECKING. 

I.  Section 05 36 00, COMPOSITE METAL DECKING. 

J.  Section 05 50 00, METAL FABRICATIONS. 

K.  Section 07 84 00, FIRESTOPPING. 
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L.  Section 07 92 00, JOINT SEALANTS. 

M.  Section 09 91 00, PAINTING. 

N.  Not Used 

O.  Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR HV AC and STEAM 

GENERATION. 

P.  Section 23 05 41, NOISE AND VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT. 

Q.  Section 23 05 93, TESTING, ADJUSTING, AND BALANCING  FOR HVAC. 

R.  Section 23 07 11, HVAC AND BOILER PLANT INSULATION.  

S.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

T.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

U.  Not Used  

V.  Section 23 82 00, CONVECTION HEATING AND COOLING UN ITS. 

W. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS. 

X.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES. 

Y.  Section 26 29 11, MOTOR CONTROLLERS. 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. Where conflicts occur these  specifications and 

the VHA standard will govern. 

B.  Air Movement and Control Association (AMCA): 

410-1996................Recommended Safety Practice s for Users and 

Installers of Industrial and Commercial Fans 

C.  American Society of Mechanical Engineers (ASME): 

B31.1-2014..............Power Piping 

B31.9-2014..............Building Services Piping 

ASME Boiler and Pressure Vessel Code: 

BPVC Section IX-2015....Welding, Brazing, and Fusin g Qualifications 

D.  American Society for Testing and Materials (ASTM): 

A36/A36M-2014...........Standard Specification for Carbon Structural 

Steel 

A575-1996(R2013)e1......Standard Specification for Steel Bars, Carbon, 

Merchant Quality, M-Grades 

E.  Association for Rubber Products Manufacturers (ARPM ): 

IP-20-2015..............Specifications for Drives U sing Classical 

V-Belts and Sheaves 
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IP-21-2009..............Specifications for Drives U sing Double-V 

(Hexagonal) Belts 

IP-24-2010..............Specifications for Drives U sing Synchronous 

Belts 

IP-27-2015..............Specifications for Drives U sing Curvilinear 

Toothed Synchronous Belts 

F.  Manufacturers Standardization Society (MSS) of the Valve and Fittings 

Industry, Inc.: 

SP-58-2009..............Pipe Hangers and Supports-M aterials, Design, 

Manufacture, Selection, Application, and 

Installation 

SP-127-2014a............Bracing for Piping Systems:  Seismic–Wind–

Dynamic Design, Selection, and Application 

G.  Military Specifications (MIL): 

MIL-P-21035B-2003.......Paint High Zinc Dust Conten t, Galvanizing 

Repair (Metric) 

H.  National Fire Protection Association (NFPA): 

70-2014.................National Electrical Code (N EC) 

101-2015................Life Safety Code 

I.  Department of Veterans Affairs (VA): 

PG-18-10-2016...........Physical Security and Resil iency Design Manual 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 23 05 11, COMMON WORK RESULTS FOR HVAC”, with 

applicable paragraph identification. 

C.  If the project is phased submit complete phasing pl an/schedule with 

manpower levels prior to commencing work. The phasi ng plan shall be 

detailed enough to provide milestones in the proces s that can be 

verified. 

D.  Contractor shall make all necessary field measureme nts and 

investigations to assure that the equipment and ass emblies will meet 

contract requirements, and all equipment that requi res regular 

maintenance, calibration, etc are accessable from t he floor or 

permanent work platform. It is the Contractor’s res ponsibility to 
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ensure all submittals meet the VA specifications an d requirements and 

it is assumed by the VA that all submittals do meet  the VA 

specifications unless the Contractor has requested a variance in 

writing and approved by COR prior to the submittal.  If at any time 

during the project it is found that any item does n ot meet the VA 

specifications and there was no variance approval t he Contractor shall 

correct at no additional cost or time to the Govern ment even if a 

submittal was approved. 

E.  If equipment is submitted which differs in arrangem ent from that shown, 

provide documentation proving equivalent performanc e, design standards 

and drawings that show the rearrangement of all ass ociated systems. 

Additionally, any impacts on ancillary equipment or  services such as 

foundations, piping, and electrical shall be the Co ntractor’s 

responsibility to design, supply, and install at no  additional cost or 

time to the Government. VA approval will be given o nly if all features 

of the equipment and associated systems, including accessibility, are 

equivalent to that required by the contract. 

F.  Prior to submitting shop drawings for approval, Con tractor shall 

certify in writing that manufacturers of all major items of equipment 

have each reviewed contract documents, and have joi ntly coordinated and 

properly integrated their equipment and controls to  provide a complete 

and efficient installation. 

G.  Submittals and shop drawings for interdependent ite ms, containing 

applicable descriptive information, shall be furnis hed together. 

Coordinate and properly integrate materials and equ ipment to provide a 

completely compatible and efficient installation. 

H.  Not Used 

I.  Not Used  

J.  Coordination/Shop Drawings: 

1.  Submit complete consolidated and coordinated shop d rawings for all 

new systems, and for existing systems that are in t he same areas. 

2.  The coordination/shop drawings shall include plan v iews, elevations 

and sections of all systems and shall be on a scale  of not less than 

1:32 (3/8-inch equal to one foot). Clearly identify  and dimension 

the proposed locations of the principal items of eq uipment. The 

drawings shall clearly show locations and adequate clearance for all 

equipment, piping, valves, control panels and other  items. Show the 
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access means for all items requiring access for ope rations and 

maintenance. Provide detailed coordination/shop dra wings of all 

piping and duct systems. The drawings should includ e all 

lockout/tagout points for all energy/hazard sources  for each piece 

of equipment. Coordinate lockout/tagout procedures and practices 

with local VA requirements. 

3.  Do not install equipment foundations, equipment or piping until 

coordination/shop drawings have been approved. 

4.  In addition, for HVAC systems, provide details of t he following: 

a.  Mechanical equipment rooms. 

b.  Interstitial space. 

c.  Hangers, inserts, supports, and bracing. 

d.  Pipe sleeves. 

e.  Duct or equipment penetrations of floors, walls, ce ilings, or 

roofs. 

K.  Manufacturer's Literature and Data: Include full it em description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. Submit under the pertinent section rather  than under this 

section. 

1.  Submit belt drive with the driven equipment. Submit  selection data 

for specific drives when requested by the COR. 

2.  Submit electric motor data and variable speed drive  data with the 

driven equipment. 

3.  Equipment and materials identification. 

4.  Fire-stopping materials. 

5.  Hangers, inserts, supports and bracing. Provide com plete stress 

analysis for variable spring and constant support h angers. 

6.  Wall, floor, and ceiling plates. 

L.  Rigging Plan: Provide documentation of the capacity  and weight of the 

rigging and equipment intended to be used. The plan  shall include the 

path of travel of the load, the staging area and in tended access, and 

qualifications of the operator and signal person. 

M.  HVAC Maintenance Data and Operating Instructions: 

1.  Maintenance and operating manuals in accordance wit h Section 01 00 

00, GENERAL REQUIREMENTS, Article, INSTRUCTIONS, fo r systems and 

equipment. 
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2.  Complete operating and maintenance manuals includin g wiring 

diagrams, technical data sheets, information for or dering 

replacement parts, and troubleshooting guide: 

a.  Include complete list indicating all components of the systems. 

b.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

c.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

3.  Provide a listing of recommended replacement parts for keeping in 

stock supply, including sources of supply, for equi pment. Include in 

the listing belts for equipment: Belt manufacturer,  model number, 

size and style, and distinguished whether of multip le belt sets. 

N.  Provide copies of approved HVAC equipment submittal s to the TAB and 

Commissioning Subcontractor. 

O.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the Contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

P.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Mechanical, electrical and associated systems shall  be safe, reliable, 

efficient, durable, easily and safely operable and maintainable, easily 

and safely accessible, and in compliance with appli cable codes as 

specified. The systems shall be comprised of high q uality 

institutional-class and industrial-class products o f manufacturers that 

are experienced specialists in the required product  lines. All 

construction firms and personnel shall be experienc ed and qualified 

specialists in industrial and institutional HVAC. 

B.  Flow Rate Tolerance for HVAC Equipment: Section 23 05 93, TESTING, 

ADJUSTING, AND BALANCING FOR HVAC. 

C.  Equipment Vibration Tolerance: 

1.  Refer to Section 23 05 41, NOISE AND VIBRATION CONT ROL FOR HVAC 

PIPING and EQUIPMENT. Equipment shall be factory-ba lanced to this 

tolerance and re-balanced on site, as necessary. 
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2.  After HVAC air balance work is completed and perman ent drive sheaves 

are in place, perform field mechanical balancing an d adjustments 

required to meet the specified vibration tolerance.  

D.  Products Criteria: 

1.  Standard Products: Material and equipment shall be the standard 

products of a manufacturer regularly engaged in the  manufacture of 

the products for at least 3 years (or longer as spe cified 

elsewhere). The design, model and size of each item  shall have been 

in satisfactory and efficient operation on at least  three 

installations for approximately three years. Howeve r, digital 

electronics devices, software and systems such as c ontrols, 

instruments, computer work station, shall be the cu rrent generation 

of technology and basic design that has a proven sa tisfactory 

service record of at least three years. See other s pecification 

sections for any exceptions and/or additional requi rements. 

2.  Refer to all other sections for quality assurance r equirements for 

systems and equipment specified therein. 

3.  All items furnished shall be free from defects that  would adversely 

affect the performance, maintainability and appeara nce of individual 

components and overall assembly. 

4.  The products and execution of work specified in Div ision 33 shall 

conform to the referenced codes and standards as re quired by the 

specifications. Local codes and amendments shall be  enforced, along 

with requirements of local utility companies. The m ost stringent 

requirements of these specifications, local codes, or utility 

company requirements shall always apply. Any confli cts shall be 

brought to the attention of the COR. 

5.  Multiple Units: When two or more units of materials  or equipment of 

the same type or class are required, these units sh all be of the 

same manufacturer and model number, or if different  models are 

required they shall be of the same manufacturer and  identical to the 

greatest extent possible (i.e., same model series).  

6.  Assembled Units: Performance and warranty of all co mponents that 

make up an assembled unit shall be the responsibili ty of the 

manufacturer of the completed assembly. 

7.  Nameplates: Nameplate bearing manufacturer's name o r identifiable 

trademark shall be securely affixed in a conspicuou s place on 
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equipment, or name or trademark cast integrally wit h equipment, 

stamped or otherwise permanently marked on each ite m of equipment. 

8.  Use of asbestos products or equipment or materials containing 

asbestos is prohibited. 

E.  HVAC Equipment Service Providers: Service providers  shall be authorized 

and trained by the manufacturers of the equipment s upplied. These 

providers shall be capable of responding onsite and  provide acceptable 

service to restore equipment operations within 4 ho urs of receipt of 

notification by phone, e-mail or fax in event of an  emergency, such as 

the shutdown of equipment; or within 24 hours in a non-emergency. 

Submit names, mail and e-mail addresses and phone n umbers of service 

personnel and companies providing service under the se conditions for 

(as applicable to the project): fans, air handling units, chillers, 

cooling towers, control systems, pumps, critical in strumentation, 

computer workstation and programming. 

F.  HVAC Mechanical Systems Welding: Before any welding  is performed, 

Contractor shall submit a certificate certifying th at welders comply 

with the following requirements: 

1.  Qualify welding processes and operators for piping according to ASME 

BPVC Section IX. Provide proof of current certifica tion. 

2.  Comply with provisions of ASME B31 series "Code for  Pressure 

Piping". 

3.  Certify that each welder and welding operator has p assed American 

Welding Society (AWS) qualification tests for the w elding processes 

involved, and that certification is current. 

4.  All welds shall be stamped according to the provisi ons of the AWS or 

ASME as required herein and by the associated code.  

G.  Manufacturer's Recommendations: Where installation procedures or any 

part thereof are required to be in accordance with the recommendations 

of the manufacturer of the material being installed , printed copies of 

these recommendations shall be furnished to the COR  with submittals. 

Installation of the item will not be allowed to pro ceed until the 

recommendations are received. Failure to furnish th ese recommendations 

can be cause for rejection of the material and remo val by the 

Contractor and no additional cost or time to the Go vernment. 
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H.  Execution (Installation, Construction) Quality: 

1.  Apply and install all items in accordance with manu facturer's 

written instructions. Refer conflicts between the m anufacturer's 

instructions and the contract documents to the COR for resolution. 

Provide written hard copies and computer files on C D or DVD of 

manufacturer’s installation instructions to the COR  with submittals 

prior to commencing installation of any item. Insta llation of the 

item will not be allowed to proceed until the recom mendations are 

received and approved by the VA. Failure to furnish  these 

recommendations is a cause for rejection of the mat erial. 

2.  All items that require access, such as for operatin g, cleaning, 

servicing, maintenance, and calibration, shall be e asily and safely 

accessible by persons standing at floor level, or s tanding on 

permanent platforms, without the use of portable la dders. Examples 

of these items include, but are not limited to, all  types of valves, 

filters and strainers, transmitters, control device s. Prior to 

commencing installation work, refer conflicts betwe en this 

requirement and contract documents to the COR for r esolution. 

Failure of the Contractor to resolve, or point out any issues will 

result in the Contractor correcting at no additiona l cost or time to 

the Government. 

3.  Complete coordination/shop drawings shall be requir ed in accordance 

with Paragraph, SUBMITTALS. Construction work shall  not start on any 

system until the coordination/shop drawings have be en approved by 

VA. 

4.  Workmanship/craftsmanship will be of the highest qu ality and 

standards. The VA reserves the right to reject any work based on 

poor quality of workmanship this work shall be remo ved and done 

again at no additional cost or time to the Governme nt. 

I.  Upon request by Government, provide lists of previo us installations for 

selected items of equipment. Include contact person s who will serve as 

references, with current telephone numbers and e-ma il addresses. 

J.  Guaranty: Warranty of Construction, FAR Clause 52.2 46-21. 

1.6  DELIVERY, STORAGE AND HANDLING 

A.  Protection of Equipment: 

1.  Equipment and material placed on the job site shall  remain in the 

custody of the Contractor until phased acceptance, whether or not 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 05 11 - 14 

the Government has reimbursed the Contractor for th e equipment and 

material. The Contractor is solely responsible for the protection of 

such equipment and material against any damage or t heft. 

2.  Large equipment such as boilers, chillers, cooling towers, fans, and 

air handling units if shipped on open trailer truck s shall be 

covered with shrink on plastics or water proof tarp aulins that 

provide protection from exposure to rain, road salt s and other 

transit hazards. Protection shall be kept in place until equipment 

is moved into a building or installed as designed. 

3.  Repair damaged equipment in first class, new operat ing condition and 

appearance; or, replace same as determined and dire cted by the COR. 

Such repair or replacement shall be at no additiona l cost or time to 

the Government. 

4.  Protect interiors of new equipment and piping syste ms against entry 

of foreign matter. Clean both inside and outside be fore painting or 

placing equipment in operation. 

5.  Existing equipment and piping being worked on by th e Contractor 

shall be under the custody and responsibility of th e Contractor and 

shall be protected as required for new work. 

6.  Protect plastic piping and tanks from ultraviolet l ight (sunlight). 

B.  Cleanliness of Piping and Equipment Systems: 

1.  Exercise care in storage and handling of equipment and piping 

material to be incorporated in the work. Remove deb ris arising from 

cutting, threading and welding of piping. 

2.  Piping systems shall be flushed, blown or pigged as  necessary to 

deliver clean systems. 

3.  Clean interior of all tanks prior to delivery for b eneficial use by 

the Government. 

4.  Not Used  

5.  Contractor shall be fully responsible for all costs , damage, and 

delay arising from failure to provide clean systems . 

1.7  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, VA approved substitutions and cons truction revisions 

shall be in electronic version on CD or DVD and ins erted into a three-
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ring binder. All aspects of system operation and ma intenance 

procedures, including applicable piping isometrics,  wiring diagrams of 

all circuits, a written description of system desig n, control logic, 

and sequence of operation shall be included in the operation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A List of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing Contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  Should the 

installing Contractor engage the testing company to  provide as-built or 

any portion thereof, it shall not be deemed a confl ict of interest or 

breach of the ‘third party testing company’ require ment. Provide record 

drawings as follows: 

1.  Not Used  

2.  As-built drawings are to be provided, with a copy o f them on AutoCAD 

version to be determined during construction provid ed on CD or DVD. 

The CAD drawings shall use multiple line layers wit h a separate 

individual layer for each system. 

3.  Not Used  

D.  The as-built drawings shall indicate the location a nd type of all 

lockout/tagout points for all energy sources for al l equipment and 

pumps to include breaker location and numbers, valv e tag numbers, etc. 

Coordinate lockout/tagout procedures and practices with local VA 

requirements. 

E.  Certification documentation shall be provided to CO R 21 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and provide documentation/c ertification that 

all results of tests were within limits specified. Test results shall 

contain written sequence of test procedure with wri tten test results 

annotated at each step along with the expected outc ome or setpoint. The 
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results shall include all readings, including but n ot limited to data 

on device (make, model and performance characterist ics_), normal 

pressures, switch ranges, trip points, amp readings , and calibration 

data to include equipment serial numbers or individ ual identifications, 

etc. 

1.8  JOB CONDITIONS – WORK IN EXISTING BUILDING 

A.  Building Operation: Government employees will be co ntinuously operating 

and managing all facilities, including temporary fa cilities that serve 

the VAMC. 

B.  Maintenance of Service: Schedule all work to permit  continuous service 

as required by the VAMC. 

C.  Steam and Condensate Service Interruptions: Limited  steam and 

condensate service interruptions, as required for i nterconnections of 

new and existing systems, will be permitted by the COR during periods 

when the demands are not critical to the operation of the VAMC. These 

non-critical periods are limited to between 8 pm an d 5 am in the 

appropriate off-season (if applicable). Provide at least 10 working 

days advance notice to the COR. The request shall i nclude a detailed 

plan on the proposed shutdown and the intended work  to be done along 

with manpower levels. All equipment and materials m ust be onsite and 

verified with plan 5 days prior to the shutdown or it will need to be 

rescheduled. 

D.  Phasing of Work: Comply with all requirements shown  on contract 

documents. Contractor shall submit a complete detai led phasing 

plan/schedule with manpower levels prior to commenc ing work. The 

phasing plan shall be detailed enough to provide mi lestones in the 

process that can be verified. 

E.  Building Working Environment: Maintain the architec tural and structural 

integrity of the building and the working environme nt at all times. 

Maintain the interior of building at 18 degrees C ( 65 degrees F) 

minimum. Limit the opening of doors, windows or oth er access openings 

to brief periods as necessary for rigging purposes.  Storm water or 

ground water leakage is prohibited. Provide daily c lean-up of 

construction and demolition debris on all floor sur faces and on all 

equipment being operated by VA. Maintain all egress  routes and safety 

systems/devices. 
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F.  Acceptance of Work for Government Operation: As new  equipment, systems 

and facilities are made available for operation and  these items are 

deemed of beneficial use to the Government, inspect ions will be made 

and tests will be performed. Based on the inspectio ns, a list of 

contract deficiencies will be issued to the Contrac tor. After 

correction of deficiencies as necessary for benefic ial use, the 

Contracting Officer will process necessary acceptan ce and the equipment 

will then be under the control and operation of Gov ernment personnel. 

G.  Not Used  

PART 2 - PRODUCTS 

2.1  FACTORY-ASSEMBLED PRODUCTS 

A.  Provide maximum standardization of components to re duce spare part 

requirements. 

B.  Performance and warranty of all components that mak e up an assembled 

unit shall be the responsibility of the manufacture r of the completed 

assembly. 

1.  All components of an assembled unit need not be pro ducts of same 

manufacturer. 

2.  Constituent parts that are alike shall be products of a single 

manufacturer. 

3.  Components shall be compatible with each other and with the total 

assembly for intended service. 

4.  Contractor shall guarantee performance of assemblie s of components, 

and shall repair or replace elements of the assembl ies as required 

to deliver specified performance of the complete as sembly. 

C.  Equipment and components of equipment shall bear ma nufacturer's name 

and trademark, model number, serial number and perf ormance data on a 

nameplate securely affixed in a conspicuous place, or cast integral 

with, stamped or otherwise permanently marked upon the components of 

the equipment. 

D.  Major items of equipment, which serve the same func tion, must be the 

same make and model. Exceptions must be approved by  the VA, but may be 

permitted if performance requirements cannot be met . 

2.2  COMPATIBILITY OF RELATED EQUIPMENT 

A.  Equipment and materials installed shall be compatib le in all respects 

with other items being furnished and with existing items so that the 
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result will be a complete and fully operational pla nt that conforms to 

contract requirements. 

2.3  V-BELT DRIVES 

A.  Type: ARPM standard V-belts with proper motor pulle y and driven sheave. 

Belts shall be constructed of reinforced cord and r ubber. 

B.  Dimensions, rating and selection standards: ARPM IP -20 and ARPM IP-21. 

C.  Minimum Horsepower Rating: Motor horsepower plus re commended ARPM 

service factor (not less than 20 percent) in additi on to the ARPM 

allowances for pitch diameter, center distance, and  arc of contact. 

D.  Maximum Speed: 25 m/s (5000 feet per minute). 

E.  Adjustment Provisions: For alignment and ARPM stand ard allowances for 

installation and take-up. 

F.  Drives may utilize a single V-Belt (any cross secti on) when it is the 

manufacturer's standard. 

G.  Multiple Belts: Matched to ARPM specified limits by  measurement on a 

belt measuring fixture. Seal matched sets together to prevent mixing or 

partial loss of sets. Replacement, when necessary, shall be an entire 

set of new matched belts. 

H.  Sheaves and Pulleys: 

1.  Material: Pressed steel, or close-grained cast iron . 

2.  Bore: Fixed or bushing type for securing to shaft w ith keys. 

3.  Balanced: Statically and dynamically. 

4.  Groove spacing for driving and driven pulleys shall  be the same. 

I.  Drive Types, Based on ARI 435: 

1.  Provide adjustable-pitch or fixed-pitch drive as fo llows: 

a.  Fan speeds up to 1800 RPM: 7.5 kW (10 horsepower) a nd smaller. 

b.  Fan speeds over 1800 RPM: 2.2 kW (3 horsepower) and  smaller. 

2.  Provide fixed-pitch drives for drives larger than t hose listed 

above. 

3.  The final fan speeds required to just meet the syst em CFM and 

pressure requirements, without throttling the desig n air flow 

branch, shall be determined by adjustment of a temp orary adjustable-

pitch motor sheave or by fan law calculation if a f ixed-pitch drive 

is used initially. 

J.  Final Drive Set: If adjustment is required beyond t he capabilities of 

the factory drive set, the final drive set shall be  provided as part of 

this contract at no additional cost or time to the Government. 
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2.4  SYNCHRONOUS BELT DRIVES 

A.  Type: ARPM synchronous belts with proper motor pull ey and driven 

sheave. Belts shall be constructed of reinforced co rd and rubber. 

B.  Dimensions, rating and selection standards: ARPM IP -24 and ARPM IP-27. 

C.  Minimum Horsepower Rating: Motor horsepower plus re commended ARPM 

service factor (not less than 20 percent) in additi on to the ARPM 

allowances for pitch diameter, center distance, and  arc of contact. 

D.  Maximum Speed: 25 m/s (5000 feet per minute). 

E.  Adjustment Provisions: For alignment and ARPM stand ard allowances for 

installation and take-up. 

F.  Drives may utilize a single belt of manufacturer’s standard width for 

the application. 

G.  Multiple Belts: Matched to ARPM specified limits by  measurement on a 

belt measuring fixture. Seal matched sets together to prevent mixing or 

partial loss of sets. Replacement, when necessary, shall be an entire 

set of new matched belts. 

H.  Sheaves and Pulleys: 

1.  Material: Pressed steel, or close-grained cast iron . 

2.  Bore: Fixed or bushing type for securing to shaft w ith keys. 

3.  Balanced: Statically and dynamically. 

I.  Final Drive Set: The final fan speeds required to j ust meet the system 

CFM and pressure requirements, without throttling t he design air flow 

branch, shall be determined by fan law calculation.  If adjustment is 

required beyond the capabilities of the factory dri ve set, the final 

drive set shall be provided as part of this contrac t at no additional 

cost or time to the Government. 

2.5  DRIVE GUARDS 

A.  For machinery and equipment, provide guards as show n in AMCA 410 for 

belts, chains, couplings, pulleys, sheaves, shafts,  gears and other 

moving parts regardless of height above the floor t o prevent damage to 

equipment and injury to personnel. Drive guards may  be excluded where 

motors and drives are inside factory-fabricated air  handling unit 

casings. 

B.  Pump shafts and couplings shall be fully guarded by  a sheet steel 

guard, covering coupling and shaft but not bearings . Material shall be 

minimum 16-gauge sheet steel; all edges shall be he mmed and ends shall 

be bent into flanges and the flanges shall be drill ed and attached to 
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pump base with minimum of four 6 mm (1/4 inch) bolt s. Reinforce guard 

as necessary to prevent side play forcing guard ont o couplings. 

C.  V-belt and sheave assemblies shall be totally enclo sed, firmly mounted, 

non-resonant. Guard shall be an assembly of minimum  22-gauge sheet 

steel and expanded or perforated metal to permit ob servation of belts. 

25 mm (1 inch) diameter hole shall be provided at e ach shaft centerline 

to permit speed measurement. 

D.  Materials: Sheet steel, expanded metal or wire mesh  rigidly secured so 

as to be removable without disassembling pipe, duct , or electrical 

connections to equipment. 

E.  Access for Speed Measurement: 25 mm (1 inch) diamet er hole at each 

shaft center. 

2.6  LIFTING ATTACHMENTS 

A.  Provide equipment with suitable lifting attachments  to enable equipment 

to be lifted in its normal position. Lifting attach ments shall 

withstand any handling conditions that might be enc ountered, without 

bending or distortion of shape, such as rapid lower ing and braking of 

load. 

2.7  ELECTRIC MOTORS 

A.  All material and equipment furnished and installati on methods shall 

conform to the requirements of Section 23 05 12, GE NERAL MOTOR 

REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT; Section 26 29 11, 

MOTOR CONTROLLERS; and Section 26 05 19, LOW-VOLTAG E ELECTRICAL POWER 

CONDUCTORS AND CABLES. Provide all electrical wirin g, conduit, and 

devices necessary for the proper connection, protec tion and operation 

of the systems. Provide special energy efficient pr emium efficiency 

type motors as scheduled. 

2.8  VARIABLE SPEED MOTOR CONTROLLERS 

A.  Refer to Section 26 05 11, REQUIREMENTS FOR ELECTRI CAL INSTALLATIONS 

and Section 26 29 11, MOTOR CONTROLLERS for specifi cations. 

B.  Coordinate variable speed motor controller communic ation protocol with 

Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

C.  Provide variable speed motor controllers with or wi thout a bypass 

contactor as indicated in contract drawings. 

D.  The combination of controller and motor shall be pr ovided by the 

manufacturer of the driven equipment, such as pumps  and fans, and shall 

be rated for 100 percent output performance. Multip le units of the same 
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class of equipment, i.e. air handlers, fans, pumps,  shall be product of 

a single manufacturer. 

E.  Motors shall be premium efficiency type and be appr oved by the motor 

controller manufacturer. The controller-motor combi nation shall be 

guaranteed to provide full motor nameplate horsepow er in variable 

frequency operation. Both driving and driven motor/ fan sheaves shall be 

fixed pitch. 

F.  Controller shall not add any current or voltage tra nsients to the input 

ac power distribution system, DDC controls, sensiti ve medical 

equipment, etc., nor shall be affected from other d evices on the ac 

power system. 

2.9  EQUIPMENT AND MATERIALS IDENTIFICATION 

A.  Not Used  

B.  Use symbols, nomenclature and equipment numbers spe cified, shown on the 

contract documents and shown in the maintenance man uals. In addition, 

provide bar code identification nameplate for all e quipment which will 

allow the equipment identification code to be scann ed into the system 

for maintenance and inventory tracking. Identificat ion for piping is 

specified in Section 09 91 00, PAINTING. 

C.  Interior (Indoor) Equipment: Engraved nameplates, w ith letters not less 

than 5 mm (3/16 inch) high of brass with black-fill ed letters, or rigid 

black plastic with white letters specified in Secti on 09 91 00, 

PAINTING permanently fastened to the equipment. Ide ntify unit 

components such as coils, filters, fans, etc. 

D.  Exterior (Outdoor) Equipment: Brass nameplates, wit h engraved black 

filled letters, not less than 5 mm (3/16 inch) high  riveted or bolted 

to the equipment. 

E.  Control Items: Label all instrumentation, temperatu re and humidity 

sensors, controllers and control dampers. Identify and label each item 

as they appear on the control diagrams. 

F.  Valve Tags and Lists: 

1.  HVAC and Mechanical Rooms: Provide for all valves o ther than for 

equipment in Section 23 82 00, CONVECTION HEATING A ND COOLING UNITS. 

2.  Valve tags: Engraved black filled numbers and lette rs not less than 

15 mm (1/2 inch) high for number designation, and n ot less than 6 mm 

(1/4 inch) for service designation on 19-gauge 40 m m (1-1/2 inches) 

round brass disc, attached with brass "S" hook or b rass chain. 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 05 11 - 22 

3.  Valve lists: Typed or printed plastic coated card(s ), sized 215 mm 

(8-1/2 inches) by 275 mm (11 inches) showing tag nu mber, valve 

function and area of control, for each service or s ystem. Punch 

sheets for a 3-ring notebook. 

4.  Provide detailed plan for each floor of the buildin g indicating the 

location and valve number for each valve. Identify location of each 

valve with a color-coded thumb tack in ceiling. 

G.  Ceiling Grid Labels: 

1.  50 mm (2 inch) long by 15 mm (1/2 inch) wide by 0.0 25 mm (1 mil) 

thick UV resistant metalized polyester label with r ed border color 

and black custom lettering on white background inte rior. Peel and 

stick adhesive backing. Label and adhesive manufact ured specifically 

for use in equipment inventory tagging. 

2.  Custom print labels with above ceiling HVAC equipme nt numbers. 

2.10  FIRESTOPPING 

A.  Section 07 84 00, FIRESTOPPING specifies an effecti ve barrier against 

the spread of fire, smoke and gases where penetrati ons occur for piping 

and ductwork. Refer to Section 23 07 11, HVAC AND B OILER PLANT 

INSULATION, for firestop pipe and duct insulation. 

2.11  GALVANIZED REPAIR COMPOUND 

A.  Mil-P-21035B, paint form. 

2.12  HVAC PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS 

A.  Vibration Isolators: Refer to Section 23 05 41, NOI SE AND VIBRATION 

CONTROL FOR HVAC PIPING AND EQUIPMENT. 

B.  Supports for Roof Mounted Items: 

1.  Equipment: Equipment rails shall be galvanized stee l, minimum 1.3 mm 

(18 gauge), with integral baseplate, continuous wel ded corner seams, 

factory installed 50 by 100 mm (2 by 4 inches) trea ted wood nailer, 

1.3 mm (18 gauge) galvanized steel counter flashing  cap with screws, 

built-in cant strip, (except for gypsum or tectum d eck), minimum 

height 275 mm (11 inches). For surface insulated ro of deck, provide 

raised cant strip to start at the upper surface of the insulation. 

2.  Pipe/duct pedestals: Provide a galvanized Unistrut channel welded to 

U-shaped mounting brackets which are secured to sid e of rail with 

galvanized lag bolts. 

C.  Pipe Supports: Comply with MSS SP-58. Type Numbers specified refer to 

this standard. For selection and application comply  with MSS SP-58. 
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Refer to Section 05 50 00, METAL FABRICATIONS, for miscellaneous metal 

support materials and prime coat painting requireme nts. 

D.  Attachment to Concrete Building Construction: 

1.  Concrete insert: MSS SP-58, Type 18. 

2.  Self-drilling expansion shields and machine bolt ex pansion anchors: 

Permitted in concrete not less than 100 mm (4 inche s) thick when 

approved by the COR for each job condition. 

3.  Power-driven fasteners: Permitted in existing concr ete or masonry 

not less than 100 mm (4 inches) thick when approved  by the COR for 

each job condition. 

E.  Attachment to Steel Building Construction: 

1.  Welded attachment: MSS SP-58, Type 22. 

2.  Beam clamps: MSS SP-58, Types 20, 21, 28 or 29. Typ e 23 C-clamp may 

be used for individual copper tubing up to 23 mm (7 /8 inch) outside 

diameter. 

F.  Attachment to Metal Pan or Deck: As required for ma terials specified in 

Section 05 31 00, STEEL DECKING; Section 05 36 00, COMPOSITE METAL 

DECKING. 

G.  Attachment to existing structure: Support from exis ting floor/roof 

frame. 

H.  Attachment to Wood Construction: Wood screws or lag  bolts. 

I.  Hanger Rods: Hot-rolled steel, ASTM A36/A36M or AST M A575 for allowable 

load listed in MSS SP-58. For piping, provide adjus tment means for 

controlling level or slope. Types 13 or 15 turn-buc kles shall provide 

40 mm (1-1/2 inches) minimum of adjustment and inco rporate locknuts. 

All-thread rods are acceptable. 

J.  Hangers Supporting Multiple Pipes (Trapeze Hangers) : Galvanized, cold 

formed, lipped steel channel horizontal member, not  less than 41 mm by 

41 mm (1-5/8 inches by 1-5/8 inches), 2.7 mm (12 ga uge), designed to 

accept special spring held, hardened steel nuts. Tr apeze hangers are 

prohibited for use for steam supply and condensate piping. 

1.  Allowable hanger load: Manufacturers rating less 91  kg (200 pounds). 

2.  Guide individual pipes on the horizontal member of every other 

trapeze hanger with 6 mm (1/4 inch) U-bolt fabricat ed from steel 

rod. Provide Type 40 insulation shield, secured by two 15 mm (1/2 

inch) galvanized steel bands, or preinsulated calci um silicate 

shield for insulated piping at each hanger. 
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K.  Supports for Piping Systems: 

1.  Select hangers sized to encircle insulation on insu lated piping. 

Refer to Section 23 07 11, HVAC AND BOILER PLANT IN SULATION for 

insulation thickness. To protect insulation, provid e Type 39 saddles 

for roller type supports or preinsulated calcium si licate shields. 

Provide Type 40 insulation shield or preinsulated c alcium silicate 

shield at all other types of supports and hangers i ncluding those 

for preinsulated piping. 

2.  Piping Systems except High and Medium Pressure Stea m (MSS SP-58): 

a.  Standard clevis hanger: Type 1; provide locknut. 

b.  Riser clamps: Type 8. 

c.  Wall brackets: Types 31, 32 or 33. 

d.  Roller supports: Type 41, 43, 44 and 46. 

e.  Saddle support: Type 36, 37 or 38. 

f.  Turnbuckle: Types 13 or 15. Preinsulate. 

g.  U-bolt clamp: Type 24. 

h.  Copper Tube: 

1)  Hangers, clamps and other support material in conta ct with 

tubing shall be painted with copper colored epoxy p aint, 

plastic coated or taped with non-adhesive isolation  tape to 

prevent electrolysis. 

2)  For vertical runs use epoxy painted or plastic-coat ed riser 

clamps. 

3)  For supporting tube to strut: Provide epoxy painted  pipe 

straps for copper tube or plastic inserted vibratio n isolation 

clamps. 

4)  Insulated Lines: Provide pre-insulated calcium sili cate 

shields sized for copper tube. 

i.  Supports for plastic piping: As recommended by the pipe 

manufacturer with black rubber tape extending one i nch beyond 

steel support or clamp. 

3.  High and Medium Pressure Steam (MSS SP-58): 

a.  Provide eye rod or Type 17 eye nut near the upper a ttachment. 

b.  Piping 50 mm (2 inches) and larger: Type 43 roller hanger. For 

roller hangers requiring seismic bracing provide a Type 1 clevis 

hanger with Type 41 roller attached by flat side ba rs. 
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c.  Piping with Vertical Expansion and Contraction: 

1)  Movement up to 20 mm (3/4 inch): Type 51 or 52 vari able spring 

unit with integral turn buckle and load indicator. 

2)  Movement more than 20 mm (3/4 inch): Type 54 or 55 constant 

support unit with integral adjusting nut, turn buck le and 

travel position indicator. 

4.  Convertor and Expansion Tank Hangers: May be Type 1  sized for the 

shell diameter. Insulation where required will cove r the hangers. 

L.  Pre-insulated Calcium Silicate Shields: 

1.  Provide 360-degree water resistant high density 965  kPa (140 psig) 

compressive strength calcium silicate shields encas ed in galvanized 

metal. 

2.  Pre-insulated calcium silicate shields to be instal led at the point 

of support during erection. 

3.  Shield thickness shall match the pipe insulation. 

4.  The type of shield is selected by the temperature o f the pipe, the 

load it must carry, and the type of support it will  be used with. 

a.  Shields for supporting chilled or cold water shall have 

insulation that extends a minimum of 25 mm (1 inch)  past the 

sheet metal. Provide for an adequate vapor barrier in chilled 

lines. 

b.  The pre-insulated calcium silicate shield shall sup port the 

maximum allowable water filled span as indicated in  MSS SP-58. To 

support the load, the shields may have one or more of the 

following features: structural inserts 4138 kPa (60 0 psig) 

compressive strength, an extra bottom metal shield,  or formed 

structural steel (ASTM A36/A36M) wear plates welded  to the bottom 

sheet metal jacket. 

5.  Shields may be used on steel clevis hanger type sup ports, roller 

supports or flat surfaces. 

M.  Not Used  

2.13  PIPE PENETRATIONS 

A.  Install sleeves during construction for other than blocked out floor 

openings for risers in mechanical bays. 

B.  To prevent accidental liquid spills from passing to  a lower level, 

provide the following: 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 05 11 - 26 

1.  For sleeves: Extend sleeve 25 mm (1 inch) above fin ished floor and 

provide sealant for watertight joint. 

2.  For blocked out floor openings: Provide 40 mm (1-1/ 2 inch) angle set 

in silicone adhesive around opening. 

3.  For drilled penetrations: Provide 40 mm (1-1/2 inch ) angle ring or 

square set in silicone adhesive around penetration.  

C.  Penetrations through beams or ribs are prohibited, but may be installed 

in concrete beam flanges. Any deviation from these requirements must 

receive prior approval of COR. 

D.  Sheet Metal, Plastic, or Moisture-resistant Fiber S leeves: Provide for 

pipe passing through floors, interior walls, and pa rtitions, unless 

brass or steel pipe sleeves are specifically called  for below. 

E.  Cast Iron or Zinc Coated Pipe Sleeves: Provide for pipe passing through 

exterior walls below grade. Make space between slee ve and pipe 

watertight with a modular or link rubber seal. Seal  shall be applied at 

both ends of sleeve. 

F.  Galvanized Steel or an alternate Black Iron Pipe wi th asphalt coating 

Sleeves: Provide for pipe passing through concrete beam flanges, except 

where brass pipe sleeves are called for. Provide sl eeve for pipe 

passing through floor of mechanical rooms, laundry work rooms, and 

animal rooms above basement. Except in mechanical r ooms, connect sleeve 

with floor plate. 

G.  Brass Pipe Sleeves: Provide for pipe passing throug h quarry tile, 

terrazzo or ceramic tile floors. Connect sleeve wit h floor plate. 

H.  Sleeves are not required for wall hydrants for fire  department 

connections or in drywall construction. 

I.  Sleeve Clearance: Sleeve through floors, walls, par titions, and beam 

flanges shall be one inch greater in diameter than external diameter of 

pipe. Sleeve for pipe with insulation shall be larg e enough to 

accommodate the insulation. Interior openings shall  be caulked tight 

with fire stopping material and sealant to prevent the spread of fire, 

smoke, and gases. 

J.  Sealant and Adhesives: Shall be as specified in Sec tion 07 92 00, JOINT 

SEALANTS. 

2.14  DUCT PENETRATIONS 

A.  Provide curbs for roof mounted piping, ductwork and  equipment. Curbs 

shall be 450 mm (18 inches) high with continuously welded seams, built-
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in cant strip, interior baffle with acoustic insula tion, curb bottom, 

hinged curb adapter. 

B.  Provide firestopping for openings through fire and smoke barriers, 

maintaining minimum required rating of floor, ceili ng or wall assembly. 

See section 07 84 00, FIRESTOPPING. 

2.15  SPECIAL TOOLS AND LUBRICANTS 

A.  Furnish, and turn over to the COR, tools not readil y available 

commercially, that are required for disassembly or adjustment of 

equipment and machinery furnished. 

B.  Grease Guns with Attachments for Applicable Fitting s: One for each type 

of grease required for each motor or other equipmen t. 

C.  Refrigerant Tools: Provide system charging/Evacuati on equipment, 

gauges, fittings, and tools required for maintenanc e of furnished 

equipment. 

D.  Tool Containers: Hardwood or metal, permanently ide ntified for intended 

service and mounted, or located, where directed by the COR. 

E.  Lubricants: A minimum of 0.95 L (1 quart) of oil, a nd 0.45 kg (1 pound) 

of grease, of equipment manufacturer's recommended grade and type, in 

unopened containers and properly identified as to u se for each 

different application. 

2.16  WALL, FLOOR AND CEILING PLATES 

A.  Material and Type: Chrome plated brass or chrome pl ated steel, one 

piece or split type with concealed hinge, with set screw for fastening 

to pipe, or sleeve. Use plates that fit tight aroun d pipes, cover 

openings around pipes and cover the entire pipe sle eve projection. 

B.  Thickness: Not less than 2.4 mm (3/32 inch) for flo or plates. For wall 

and ceiling plates, not less than 0.64 mm (0.025 in ch) for up to 80 mm 

(3-inch pipe), 0.89 mm (0.035 inch) for larger pipe . 

C.  Locations: Use where pipe penetrates floors, walls and ceilings in 

exposed locations, in finished areas only. Provide a watertight joint 

in spaces where brass or steel pipe sleeves are spe cified. 

2.17  ASBESTOS 

A.  Materials containing asbestos are prohibited. 
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PART 3 - EXECUTION 

3.1  GENERAL 

A.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no additional cost or t ime to the 

Government. 

3.2  ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND PIPING 

A.  Location of piping, sleeves, inserts, hangers, and equipment, access 

provisions shall be coordinated with the work of al l trades. The 

coordination/shop drawings shall be submitted for r eview. Locate 

piping, sleeves, inserts, hangers, ductwork and equ ipment clear of 

windows, doors, openings, light outlets, and other services and 

utilities. Equipment coordination/shop drawings sha ll be prepared to 

coordinate proper location and personnel access of all facilities. The 

drawings shall be submitted for review. Follow manu facturer's published 

recommendations for installation methods not otherw ise specified. 

B.  Operating Personnel Access and Observation Provisio ns:  Select and 

arrange all equipment and systems to provide clear view and easy 

access, without use of portable ladders, for mainte nance and operation 

of all devices including, but not limited to: all e quipment items, 

valves, filters, strainers, transmitters, sensors, control devices. All 

gauges and indicators shall be clearly visible by p ersonnel standing on 

the floor or on permanent platforms. Do not reduce or change 

maintenance and operating space and access provisio ns that are shown on 

the contract documents. 

C.  Equipment and Piping Support: Coordinate structural  systems necessary 

for pipe and equipment support with pipe and equipm ent locations to 

permit proper installation. 

D.  Location of pipe sleeves, trenches and chases shall  be accurately 

coordinated with equipment and piping locations. 

E.  Cutting Holes: 

1.  Cut holes through concrete and masonry by rotary co re drill. 

Pneumatic hammer, impact electric, and hand or manu al hammer type 

drill is prohibited, except as permitted by COR whe re working area 

space is limited. 

2.  Locate holes to avoid interference with structural members such as 

slabs, columns, ribs, beams or reinforcing. Holes s hall be laid out 

in advance and drilling done only after approval by  COR. If the 
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Contractor considers it necessary to drill through structural 

members, this matter shall be referred to COR for a pproval. 

3.  Do not penetrate membrane waterproofing. 

F.  Minor Piping: Generally, small diameter pipe runs f rom drips and 

drains, water cooling, and other service are not sh own but must be 

provided. 

G.  Electrical Interconnection of Instrumentation or Co ntrols: This 

generally not shown but must be provided. This incl udes 

interconnections of sensors, transmitters, transduc ers, control 

devices, control and instrumentation panels, instru ments and computer 

workstations. Devices shall be located so they are easily accessible 

for testing, maintenance, calibration, etc. The COR  has the final 

determination on what is accessible and what is not . Comply with NFPA 

70. 

H.  Protection and Cleaning: 

1.  Equipment and materials shall be carefully handled,  properly stored, 

and adequately protected to prevent damage before a nd during 

installation, in accordance with the manufacturer's  recommendations 

and as approved by the COR. Damaged or defective it ems in the 

opinion of the COR, shall be replaced. 

2.  Protect all finished parts of equipment, such as sh afts and bearings 

where accessible, from rust prior to operation by m eans of 

protective grease coating and wrapping. Close pipe openings with 

caps or plugs during installation. Tightly cover an d protect 

fixtures and equipment against dirt, water chemical , or mechanical 

injury. At completion of all work thoroughly clean fixtures, exposed 

materials and equipment. 

I.  Concrete and Grout: Use concrete and non-shrink gro ut 20 MPa (3000 

psig) minimum, specified in Section 03 30 00, CAST- IN-PLACE CONCRETE. 

J.  Install gauges, thermometers, valves and other devi ces with due regard 

for ease in reading or operating and maintaining sa id devices. Locate 

and position thermometers and gauges to be easily r ead by operator or 

staff standing on floor or walkway provided. Servic ing shall not 

require dismantling adjacent equipment or pipe work . 

K.  Install steam piping expansion joints as per manufa cturer’s 

recommendations. 
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L.  Work in Existing Building: 

1.  Perform as specified in Article, OPERATIONS AND STO RAGE AREAS, 

Article, ALTERATIONS, and Article, RESTORATION of t he Section 01 00 

00, GENERAL REQUIREMENTS for relocation of existing  equipment, 

alterations and restoration of existing building(s) . 

2.  As specified in Section 01 00 00, GENERAL REQUIREME NTS, Article, 

OPERATIONS AND STORAGE AREAS, make alterations to e xisting service 

piping at times that will least interfere with norm al operation of 

the facility. 

M.  Not Used  

N.  Switchgear/Electrical Equipment Drip Protection: Ev ery effort shall be 

made to eliminate the installation of pipe above el ectrical and 

data/telephone switchgear. If this is not possible,  encase pipe in a 

second pipe with a minimum of joints. Installation of piping, ductwork, 

leak protection apparatus or other installations fo reign to the 

electrical installation shall not be located in the  space equal to the 

width and depth of the equipment and extending from  to a height of 1.8 

m (6 feet) above the equipment or to ceiling struct ure, whichever is 

lower (NFPA 70). 

O.  Inaccessible Equipment: 

1.  Where the Government determines that the Contractor  has installed 

equipment not conveniently accessible for operation  and maintenance 

or inspections, equipment shall be removed and rein stalled or 

remedial action performed as directed at no additio nal cost or time 

to the Government. 

2.  The term "conveniently accessible" is defined as ca pable of being 

reached without the use of ladders, or without clim bing or crawling 

under or over obstacles such as, but not limited to  motors, fans, 

pumps, belt guards, transformers, high voltage line s, conduit and 

raceways, piping, hot surfaces, and ductwork. The C OR has final 

determination on whether an installation meets this  requirement or 

not. 

3.3  TEMPORARY PIPING AND EQUIPMENT 

A.  Continuity of operation of existing facilities will  generally require 

temporary installation or relocation of equipment a nd piping. 

B.  The Contractor shall provide all required facilitie s in accordance with 

the requirements of phased construction and mainten ance of service. All 
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piping and equipment shall be properly supported, s loped to drain, 

operate without excessive stress, and shall be insu lated where injury 

can occur to personnel by contact with operating fa cilities. The 

requirements of Paragraph, ARRANGEMENT AND INSTALLA TION OF EQUIPMENT 

AND PIPING apply. 

C.  Temporary facilities and piping shall be completely  removed and any 

openings in structures sealed. Provide necessary bl ind flanges and caps 

to seal open piping remaining in service. 

3.4  RIGGING 

A.  Design is based on application of available equipme nt. Openings in 

building structures are planned to accommodate desi gn scheme. 

B.  Alternative methods of equipment delivery may be of fered by Contractor 

and will be considered by Government under specifie d restrictions of 

phasing and maintenance of service requirements as well as structural 

integrity of the building. 

C.  Close all openings in the building when not require d for rigging 

operations to maintain proper environment in the fa cility for 

Government operation and maintenance of service. 

D.  Contractor shall provide all facilities required to  deliver specified 

equipment and place on foundations. Attachments to structures for 

rigging purposes and support of equipment on struct ures shall be 

Contractor's full responsibility. Upon request, the  Government will 

check structure adequacy and advise Contractor of r ecommended 

restrictions. 

E.  Contractor shall check all clearances, weight limit ations and shall 

offer a rigging plan designed by a Registered Profe ssional Engineer. 

All modifications to structures, including reinforc ement thereof, shall 

be at Contractor's cost, time and responsibility. 

F.  Follow approved rigging plan. 

G.  Restore building to original condition upon complet ion of rigging work. 

3.5  PIPE AND EQUIPMENT SUPPORTS 

A.  Where hanger spacing does not correspond with joist  or rib spacing, use 

structural steel channels designed by a structural engineer, secured 

directly to joist and rib structure that will corre spond to the 

required hanger spacing, and then suspend the equip ment and piping from 

the channels. Drill or burn holes in structural ste el only with the 

prior approval of the COR. 
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B.  Use of chain pipe supports; wire or strap hangers; wood for blocking, 

stays and bracing; or, hangers suspended from pipin g above are 

prohibited. Replace or thoroughly clean rusty produ cts and paint with 

zinc primer. 

C.  Hanger rods shall be used that are straight and ver tical. Turnbuckles 

for vertical adjustments may be omitted where limit ed space prevents 

use. Provide a minimum of 15 mm (1/2 inch) clearanc e between pipe or 

piping covering and adjacent work. 

D.  HVAC Horizontal Pipe Support Spacing: Refer to MSS SP-58. Provide 

additional supports at valves, strainers, in-line p umps and other heavy 

components. Provide a support within one foot of ea ch elbow. 

E.  HVAC Vertical Pipe Supports: 

1.  Up to 150 mm (6-inch pipe), 9 m (30 feet) long, bol t riser clamps to 

the pipe below couplings, or welded to the pipe and  rests supports 

securely on the building structure. 

2.  Vertical pipe larger than the foregoing, support on  base elbows or 

tees, or substantial pipe legs extending to the bui lding structure. 

F.  Overhead Supports: 

1.  The basic structural system of the building is desi gned to sustain 

the loads imposed by equipment and piping to be sup ported overhead. 

2.  Provide steel structural members, in addition to th ose shown, of 

adequate capability to support the imposed loads, l ocated in 

accordance with the final approved layout of equipm ent and piping. 

3.  Tubing and capillary systems shall be supported in channel troughs. 

G.  Floor Supports: 

1.  Provide concrete bases, concrete anchor blocks and pedestals, and 

structural steel systems for support of equipment a nd piping. 

Concrete bases and structural systems shall be anch ored and doweled 

to resist forces under operating and seismic condit ions (if 

applicable) without excessive displacement or struc tural failure. 

2.  Bases and supports shall not be located and install ed until 

equipment mounted thereon has been approved. Bases shall be sized to 

match equipment mounted thereon plus 50 mm (2 inch)  excess on all 

edges. Chiller foundations shall have horizontal di mensions that 

exceed chiller base frame dimensions by at least 15 0 mm (6 inches) 

on all sides. Structural contract documents shall b e reviewed for 

additional requirements. Bases shall be neatly fini shed and 
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smoothed, shall have chamfered edges at the top, an d shall be 

suitable for painting. 

3.  All equipment shall be shimmed, leveled, firmly anc hored, and 

grouted with epoxy grout. Anchor bolts shall be pla ced in sleeves, 

anchored to the bases. Fill the annular space betwe en sleeves and 

bolts with a granular material to permit alignment and realignment. 

4.  Not Used  

3.6  MECHANICAL DEMOLITION 

A.  Rigging access, other than indicated on the contrac t documents, shall 

be provided by the Contractor after approval for st ructural integrity 

by the COR. Such access shall be provided without a dditional cost or 

time to the Government. Where work is in an operati ng plant, provide 

approved protection from dust and debris at all tim es for the safety of 

plant personnel and maintenance of plant operation and environment of 

the plant. 

B.  In an operating facility, maintain the operation, c leanliness and 

safety. Government personnel will be carrying on th eir normal duties of 

operating, cleaning and maintaining equipment and p lant operation. 

Confine the work to the immediate area concerned; m aintain cleanliness 

and wet down demolished materials to eliminate dust . Debris accumulated 

in the area to the detriment of plant operation is prohibited. Perform 

all flame cutting to maintain the fire safety integ rity of this plant. 

Adequate fire extinguishing facilities shall be ava ilable at all times. 

Perform all work in accordance with recognized fire  protection 

standards. Inspection will be made by personnel of the VAMC, and 

Contractor shall follow all directives of the COR w ith regard to 

rigging, safety, fire safety, and maintenance of op erations. 

C.  Unless specified otherwise, all piping, wiring, con duit, and other 

devices associated with the equipment not re-used i n the new work shall 

be completely removed from Government property per Section 01 74 19, 

CONSTRUCTION WASTE MANAGEMENT. This includes all co ncrete pads, pipe, 

valves, fittings, insulation, and all hangers inclu ding the top 

connection and any fastenings to building structura l systems. All 

openings shall be sealed after removal of equipment , pipes, ducts, and 

other penetrations in roof, walls, floors, in an ap proved manner and in 

accordance with contract documents where specifical ly covered. 

Structural integrity of the building system shall b e maintained. 
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Reference shall also be made to the contract docume nts of the other 

disciplines in the project for additional facilitie s to be demolished 

or handled. 

D.  All indicated valves including gate, globe, ball, b utterfly and check, 

all pressure gauges and thermometers with wells sha ll remain Government 

property and shall be removed and delivered to COR and stored as 

directed. The Contractor shall remove all other mat erial and equipment, 

devices and demolition debris under these contract documents. Such 

material shall be removed from Government property expeditiously and 

shall not be allowed to accumulate. 

E.  Asbestos Insulation Removal: Conform to Section 02 82 11, TRADITIONAL 

ASBESTOS ABATEMENT. 

3.7  CLEANING AND PAINTING 

A.  Prior to final inspection and acceptance of the pla nt and facilities 

for beneficial use by the Government, the plant fac ilities, equipment 

and systems shall be thoroughly cleaned and painted . Refer to Section 

09 91 00, PAINTING. 

B.  In addition, the following special conditions apply : 

1.  Cleaning shall be thorough. Solvents, cleaning mate rials and methods 

recommended by the manufacturers shall be used for the specific 

tasks. All rust shall be removed prior to painting and from surfaces 

to remain unpainted. Repair scratches, scuffs, and abrasions prior 

to applying prime and finish coats. 

2.  The following material and equipment shall not be p ainted: 

a.  Motors, controllers, control switches, and safety s witches. 

b.  Control and interlock devices. 

c.  Regulators. 

d.  Pressure reducing valves. 

e.  Control valves and thermostatic elements. 

f.  Lubrication devices and grease fittings. 

g.  Copper, brass, aluminum, stainless steel and bronze  surfaces. 

h.  Valve stems and rotating shafts. 

i.  Pressure gauges and thermometers. 

j.  Glass. 

k.  Nameplates. 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 05 11 - 35 

3.  Control and instrument panels shall be cleaned, dam aged surfaces 

repaired, and shall be touched-up with matching pai nt obtained from 

panel manufacturer. 

4.  Pumps, motors, steel and cast-iron bases, and coupl ing guards shall 

be cleaned, and shall be touched-up with the same p aint type and 

color as utilized by the pump manufacturer. 

5.  Temporary Facilities: Apply paint to surfaces that do not have 

existing finish coats. This may include painting ex posed metals 

where hangers were removed or where equipment was m oved or removed. 

6.  Paint shall withstand the following temperatures wi thout peeling or 

discoloration: 

a.  Condensate and Feedwater: 38 degrees C (100 degrees  F) on 

insulation jacket surface and 121 degrees C (250 de grees F) on 

metal pipe surface. 

b.  Steam: 52 degrees C (125 degrees F) on insulation j acket surface 

and 190 degrees C (374 degrees F) on metal pipe sur face. 

7.  Final result shall be smooth, even-colored, even-te xtured factory 

finish on all items. Completely repaint the entire piece of 

equipment if necessary to achieve this. 

8.  Lead based paints are prohibited. 

3.8  IDENTIFICATION SIGNS 

A.  Provide laminated plastic signs, with engraved lett ering not less than 

5 mm (3/16 inch) high, designating functions, for a ll equipment, 

switches, motor controllers, relays, meters, contro l devices, including 

automatic control valves. Nomenclature and identifi cation symbols shall 

correspond to that used in maintenance manual, and in diagrams 

specified elsewhere. Attach by chain, adhesive, or screws. 

B.  Factory Built Equipment: Metal plate, securely atta ched, with name and 

address of manufacturer, serial number, model numbe r, size, 

performance. 

C.  Pipe Identification: Refer to Section 09 91 00, PAI NTING. 

D.  Attach ceiling grid label on ceiling grid location directly underneath 

above-ceiling air terminal, control system componen t, valve, filter 

unit, fan etc. 
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3.9  MOTOR AND DRIVES 

A.  Use synchronous belt drives only on equipment contr olled by soft 

starters or variable frequency drive motor controll ers without a bypass 

contactor. Use V-belt drives on all other applicati ons. 

B.  Alignment of V-Belt Drives: Set driving and driven shafts parallel and 

align so that the corresponding grooves are in the same plane. 

C.  Alignment of Synchronous Belt Drives: Set driving a nd driven shafts 

parallel and align so that the corresponding pulley  flanges are in the 

same plane. 

D.  Alignment of Direct-Connect Drives: Securely mount motor in accurate 

alignment so that shafts are per coupling manufactu rer’s tolerances 

when both motor and driven machine are operating at  normal 

temperatures. 

3.10  LUBRICATION 

A.  All equipment and devices requiring lubrication sha ll be lubricated 

prior to initial operation. Field-check all devices  for proper 

lubrication. 

B.  All devices and equipment shall be equipped with re quired lubrication 

fittings or devices. A minimum of 0.95 liter (1 qua rt) of oil and 0.45 

kg (1 pound) of grease of manufacturer's recommende d grade and type for 

each different application shall be provided; also provide 12 grease 

sticks for lubricated plug valves. Deliver all mate rials to COR in 

unopened containers that are properly identified as  to application. 

C.  All lubrication points shall be accessible without disassembling 

equipment, except to remove access plates. 

D.  All lubrication points shall be extended to one sid e of the equipment. 

3.11  STARTUP, TEMPORARY OPERATION AND TESTING 

A.  Perform tests as recommended by product manufacture r and listed 

standards and under actual or simulated operating c onditions and prove 

full compliance with design and specified requireme nts. Tests of the 

various items of equipment shall be performed simul taneously with the 

system of which each item is an integral part. 

B.  When any defects are detected, correct defects and repeat test at no 

additional cost or time to the Government. 

C.  The Commissioning Agent will observe startup and Co ntractor testing of 

selected equipment. Coordinate the startup and Cont ractor testing 
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schedules with COR and Commissioning Agent. Provide  a minimum notice of 

10 working days prior to startup and testing. 

D.  Startup of equipment shall be performed as describe d in equipment 

specifications. Vibration within specified toleranc e shall be verified 

prior to extended operation. Temporary use of equip ment is specified in 

Section 01 00 00, GENERAL REQUIREMENTS, Article, TE MPORARY USE OF 

MECHANICAL AND ELECTRICAL EQUIPMENT. 

3.12  OPERATING AND PERFORMANCE TESTS 

A.  Prior to the final inspection, perform required tes ts as specified in 

Section 01 00 00, GENERAL REQUIREMENTS Article, TES TS, and in 

individual Division 23 specification sections and s ubmit the test 

reports and records to the COR. 

B.  Should evidence of malfunction in any tested system , or piece of 

equipment or component part thereof, occur during o r as a result of 

tests, make proper corrections, repairs or replacem ents, and repeat 

tests at no additional cost or time to the Governme nt. 

C.  When completion of certain work or system occurs at  a time when final 

control settings and adjustments cannot be properly  made to make 

performance tests, then conduct such performance te sts and finalize 

control settings for heating systems and for coolin g systems 

respectively during first actual seasonal use of re spective systems 

following completion of work. Rescheduling of these  tests shall be 

requested in writing to COR for approval. 

D.  No adjustments may be made during the acceptance in spection. All 

adjustments shall have been made by this point. 

E.  Perform tests as required for commissioning provisi ons in accordance 

with Section 23 08 00, COMMISSIONING OF HVAC SYSTEM S and Section 01 91 

00, GENERAL COMMISSIONING REQUIREMENTS. 

3.13  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.14  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for 4 hours 

to instruct each VA personnel responsible in operat ion and maintenance 

of the system. 
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B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

- - - E N D - - - 
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SECTION 23 05 12 
GENERAL MOTOR REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation  and connection of 

motors for HVAC and steam generation equipment. 

B.  A complete listing of common acronyms and abbreviat ions are included in 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

1.2 RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Not Used  

F.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

G.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

H.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS. 

I.  Not Used  

J.  Section 26 29 11, MOTOR CONTROLLERS. 

1.3 APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. Where conflicts occur these  specifications and 

the VHA standard will govern. 

B.  American Bearing Manufacturers Association (ABMA): 

9–2015..................Load Ratings and Fatigue Li fe for Ball Bearings 

11-2015.................Load Ratings and Fatigue Li fe for Roller 

Bearings 

C.  American Society of Heating, Refrigerating and Air- Conditioning 

Engineers (ASHRAE): 

90.1-2013...............Energy Efficient Design of New Buildings Except 

Low-Rise Residential Buildings 

D.  Institute of Electrical and Electronics Engineers ( IEEE): 

112-2004................Standard Test Procedure for  Polyphase Induction 

Motors and Generators 
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841-2009................IEEE Standard for Petroleum  and Chemical 

Industry-Premium-Efficiency, Severe-Duty, 

Totally Enclosed Fan-Cooled (TEFC) Squirrel 

Cage Induction Motors--Up to and Including 370 

kW (500 hp) 

E.  National Electrical Manufacturers Association (NEMA ): 

MG 1-2014...............Motors and Generators 

MG 2–2014...............Safety Standard for Constru ction and Guide for 

Selection, Installation and Use of Electric 

Motors and Generators 

250-2014................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

F.  National Fire Protection Association (NFPA): 

70-2014.................National Electrical Code (N EC) 

1.4 SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 23 05 12, GENERAL MOTOR RE QUIREMENTS FOR HVAC 

AND STEAM GENERATION EQUIPMENT”, with applicable pa ragraph 

identification. 

C.  Submit motor submittals with driven equipment. 

D.  Shop Drawings: 

1.  Provide documentation to demonstrate compliance wit h contract 

documents. 

2.  Motor nameplate information shall be submitted incl uding electrical 

ratings, efficiency, bearing data, power factor, fr ame size, 

dimensions, mounting details, materials, horsepower , voltage, phase, 

speed (RPM), enclosure, starting characteristics, t orque 

characteristics, code letter, full load and locked rotor current, 

service factor, and lubrication method. 

E.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 
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F.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets, information for ordering rep lacement parts, and 

troubleshooting guide: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

G.  Certification: Two weeks prior to final inspection,  unless otherwise 

noted, certification shall be submitted to the COR stating that the 

motors have been properly applied, installed, adjus ted, lubricated, and 

tested. 

H.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

I.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

1.5 AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, VA approved substitutions and cons truction revisions 

shall be in electronic version on CD or DVD and ins erted into a three-

ring binder. All aspects of system operation and ma intenance 

procedures, including applicable piping isometrics,  wiring diagrams of 

all circuits, a written description of system desig n, control logic, 

and sequence of operation shall be included in the operation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A List of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 
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at the time of final systems certification testing.  Should the 

installing contractor engage the testing company to  provide as-built or 

any portion thereof, it shall not be deemed a confl ict of interest or 

breach of the ‘third party testing company’ require ment. Provide record 

drawings as follows: 

1.  Not Used  

2.  As-built drawings are to be provided, with a copy o f them on AutoCAD 

version to be determined during construction provid ed on CD or DVD. 

The CAD drawings shall use multiple line layers wit h a separate 

individual layer for each system. 

3.  Not Used  

D.  The as-built drawings shall indicate the location a nd type of all 

lockout/tagout points for all energy sources for al l equipment and 

pumps to include breaker location and numbers, valv e tag numbers, etc. 

Coordinate lockout/tagout procedures and practices with local VA 

requirements. 

E.  Certification documentation shall be provided to CO R 21 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and provide documentation/c ertification that 

all results of tests were within limits specified. Test results shall 

contain written sequence of test procedure with wri tten test results 

annotated at each step along with the expected outc ome or setpoint. The 

results shall include all readings, including but n ot limited to data 

on device (make, model and performance characterist ics), normal 

pressures, switch ranges, trip points, amp readings , and calibration 

data to include equipment serial numbers or individ ual identifications, 

etc. 

PART 2 - PRODUCTS 

2.1 MOTORS 

A.  For alternating current, fractional and integral ho rsepower motors, 

NEMA MG 1 and NEMA MG 2 shall apply. 

B.  For severe duty TEFC motors, IEEE 841 shall apply. 

C.  All material and equipment furnished and installati on methods shall 

conform to the requirements of Section 26 29 11, MO TOR CONTROLLERS; and 

Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES. 
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Provide all electrical wiring, conduit, and devices  necessary for the 

proper connection, protection and operation of the systems. Provide 

premium efficiency type motors. Unless otherwise sp ecified for a 

particular application, use electric motors with th e following 

requirements. 

D.  Single-phase Motors: Motors for centrifugal fans an d pumps may be split 

phase or permanent split capacitor (PSC) type. Prov ide capacitor-start 

type for hard starting applications. 

E.  Poly-phase Motors: NEMA Design B, Squirrel cage, in duction type. 

1.  Two Speed Motors: Each two-speed motor shall have t wo separate 

windings. Provide a time- delay (20 seconds minimum ) relay for 

switching from high to low speed. 

F.  Voltage ratings shall be as follows: 

1.  Single phase: 

a.  Motors connected to 120-volt systems: 115 volts. 

b.  Motors connected to 208-volt systems: 200 volts. 

c.  Motors connected to 240-volt or 480-volt systems: 2 30/460 volts, 

dual connection. 

2.  Three phase: 

a.  Motors connected to 208-volt systems: 200 volts. 

b.  Motors, less than 74.6 kW (100 hp), connected to 24 0-volt or 480-

volt systems: 208-230/460 volts, dual connection. 

c.  Not Used  

d.  Not Used  

e.  Not Used  

G.  Number of phases shall be as follows: 

1.  Motors, less than 373 W (1/2 hp): Single phase. 

2.  Motors, 373 W (1/2 hp) and larger: 3 phase. 

3.  Exceptions: 

a.  Hermetically sealed motors. 

b.  Motors for equipment assemblies, less than 746 W (1  hp), may be 

single phase provided the manufacturer of the propo sed assemblies 

cannot supply the assemblies with three phase motor s. 

H.  Horsepower ratings shall be adequate for operating the connected loads 

continuously in the prevailing ambient temperatures  in areas where the 

motors are installed, without exceeding the NEMA st andard temperature 

rises for the motor insulation. 
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I.  Motor designs, as indicated by the NEMA code letter s, shall be 

coordinated with the connected loads to assure adeq uate starting, 

acceleration, and running torque without exceeding nameplate ratings or 

considering service factor. 

J.  Motor Enclosures: 

1.  Shall be the NEMA types as specified and/or shown i n the Contract 

Documents. 

2.  Where the types of motor enclosures are not shown o n the drawings, 

they shall be the NEMA types per NEMA 250, which ar e most suitable 

for the environmental conditions where the motors a re being 

installed. Enclosure requirements for certain condi tions are as 

follows: 

a.  Motors located outdoors, indoors in wet or high hum idity 

locations, or in unfiltered airstreams shall be tot ally enclosed 

type. 

b.  Where motors are located in an NEC 511 classified a rea, provide 

TEFC explosion proof motor enclosures. 

c.  Where motors are located in a corrosive environment , provide TEFC 

enclosures with corrosion resistant finish. 

3.  Enclosures shall be primed and finish coated at the  factory with 

manufacturer's prime coat and standard finish. 

K.  Electrical Design Requirements: 

1.  Motors shall be continuous duty. 

2.  The insulation system shall be rated minimum of Cla ss B, 130 degrees 

C (266 degrees F). 

3.  The maximum temperature rise by resistance at rated  power shall not 

exceed Class B limits, 80 degrees C (176 degrees F) . 

4.  The speed/torque and speed/current characteristics shall comply with 

NEMA Design A or B, as specified. 

5.  Motors shall be suitable for full voltage starting,  unless otherwise 

noted. Coordinate motor features with applicable mo tor controllers. 

6.  Motors for variable frequency drive applications sh all adhere to 

NEMA MG 1, Part 30, Application Considerations for Constant Speed 

Motors Used on a Sinusoidal Bus with Harmonic Conte nt and General-

Purpose Motors Used with Adjustable-Voltage or Adju stable-Frequency 

Controls or Both, or NEMA MG 1, Part 31, Definite-P urpose Inverter-

Fed Polyphase Motors. 
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L.  Mechanical Design Requirements: 

1.  Bearings shall be rated in accordance with ABMA 9 o r ABMA 11 for a 

minimum fatigue life of 26,280 hours for belt-drive n loads and 

100,000 hours for direct-drive loads based on L10 ( Basic Rating 

Life) at full load direct coupled, except vertical high thrust 

motors which require a 40,000 hours rating. A minim um fatigue life 

of 40,000 hours is required for VFD drives. 

2.  Vertical motors shall be capable of withstanding a momentary up 

thrust of at least 30 percent of normal down thrust . 

3.  Grease lubricated bearings shall be designed for el ectric motor use. 

Grease shall be capable of the temperatures associa ted with electric 

motors and shall be compatible with Polyurea based greases. 

4.  Grease fittings, if provided, shall be Alemite type  or equivalent. 

5.  Oil lubricated bearings, when specified, shall have  an externally 

visible sight glass to view oil level. 

6.  Vibration shall not exceed 3.8 mm (0.15 inch) per s econd, unfiltered 

peak. 

7.  Noise level shall meet the requirements of the appl ication. 

8.  Motors on 180 frames and larger shall have provisio ns for lifting 

eyes or lugs capable of a safety factor of 5. 

9.  All external fasteners shall be corrosion resistant . 

10.  Condensation heaters, when specified, shall keep mo tor windings at 

least 5 degrees C (9 degrees F) above ambient tempe rature. 

11.  Winding thermostats, when specified shall be normal ly closed, 

connected in series. 

12.  Grounding provisions shall be in the main terminal box. 

M.  Special Requirements: 

1.  Where motor power requirements of equipment furnish ed deviate from 

power shown on plans, provide electrical service de signed under the 

requirements of NFPA 70 without additional cost or time to the 

Government. 

2.  Assemblies of motors, starters, controls and interl ocks on factory 

assembled and wired devices shall be in accordance with the 

requirements of this specification. 

3.  Wire and cable materials specified in the electrica l division of the 

specifications shall be modified as follows: 
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a.  Wiring material located where temperatures can exce ed 71 degrees 

C (160 degrees F) shall be stranded copper with Tef lon FEP 

insulation with jacket. This includes wiring on the  boilers. 

b.  Other wiring at boilers and to control panels shall  be NFPA 70 

designation THWN. 

c.  Provide shielded conductors or wiring in separate c onduits for 

all instrumentation and control systems where recom mended by 

manufacturer of equipment. 

4.  Select motor sizes so that the motors do not operat e into the 

service factor at maximum required loads on the dri ven equipment. 

Motors on pumps shall be sized for non-overloading at all points on 

the pump performance curves. 

5.  Motors utilized with variable frequency drives shal l be rated 

“inverter-duty” per NEMA MG 1, Part 31, Definite-Pu rpose Inverter-

Fed Polyphase Motors. Provide motor shaft grounding  apparatus that 

will protect bearings from damage from stray curren ts. 

N.  Additional requirements for specific motors, as ind icated in the other 

sections listed in paragraph, RELATED SECTIONS shal l also apply. 

O.  NEMA Premium Efficiency Electric Motors (Motor Effi ciencies): All 

permanently wired polyphase motors of 746 W (1 hp) or more shall meet 

the minimum full-load efficiencies as indicated in the following table. 

Motors of 746 W (1 hp) or more with open, drip-proo f, or TEFC 

enclosures shall be NEMA premium efficiency type, u nless otherwise 

indicated. Motors provided as an integral part of m otor driven 

equipment are excluded from this requirement if a m inimum seasonal or 

overall efficiency requirement is indicated for tha t equipment by the 

provisions of another section. 

Minimum Premium Efficiencies 

Open Drip-Proof 

Minimum Premium Efficiencies 

Totally Enclosed Fan-Cooled (TEFC) 

Rating    
kW (hp) 

1200 
RPM 

1800 
RPM 

3600 
RPM 

Rating    
kW (hp) 

1200 
RPM 

1800 
RPM 

3600 
RPM 

0.746 (1) 82.5% 85.5% 77.0% 0.746 (1) 82.5% 85.5% 7 7.0% 

1.12 (1.5)  86.5% 86.5% 84.0% 1.12 (1.5)  87.5% 86.5% 84.0% 

1.49 (2) 87.5% 86.5% 85.5% 1.49 (2) 88.5% 86.5% 85. 5% 

2.24 (3) 88.5% 89.5% 85.5% 2.24 (3) 89.5% 89.5% 86. 5% 

3.73 (5) 89.5% 89.5% 86.5% 3.73 (5) 89.5% 89.5% 88. 5% 
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5.60 (7.5) 90.2% 91.0% 88.5% 5.60 (7.5) 91.0% 91.7%  89.5% 

7.46 (10) 91.7% 91.7% 89.5% 7.46 (10) 91.0% 91.7% 9 0.2% 

11.2 (15) 91.7% 93.0% 90.2% 11.2 (15) 91.7% 92.4% 9 1.0% 

14.9 (20) 92.4% 93.0% 91.0% 14.9 (20) 91.7% 93.0% 9 1.0% 

18.7 (25) 93.0% 93.6% 91.7% 18.7 (25) 93.0% 93.6% 9 1.7% 

22.4 (30) 93.6% 94.1% 91.7% 22.4 (30) 93.0% 93.6% 9 1.7% 

29.8 (40) 94.1% 94.1% 92.4% 29.8 (40) 94.1% 94.1% 9 2.4% 

37.3 (50) 94.1% 94.5% 93.0% 37.3 (50) 94.1% 94.5% 9 3.0% 

44.8 (60) 94.5% 95.0% 93.6% 44.8 (60) 94.5% 95.0% 9 3.6% 

56.9 (75) 94.5% 95.0% 93.6% 56.9 (75) 94.5% 95.4% 9 3.6% 

74.6 (100) 95.0% 95.4% 93.6% 74.6 (100) 95.0% 95.4%  94.1% 

93.3 (125) 95.0% 95.4% 94.1% 93.3 (125) 95.0% 95.4%  95.0% 

112 (150) 95.4% 95.8% 94.1% 112 (150) 95.8% 95.8% 9 5.0% 

149.2 (200)  95.4% 95.8% 95.0% 149.2 (200)  95.8% 96.2% 95.4% 

 

P.  Minimum Power Factor at Full Load and Rated Voltage : 90 percent at 1200 

RPM, 1800 RPM, and 3600 RPM. Power factor correctio n capacitors shall 

be provided unless the motor meets the 0.90 require ment without it or 

if the motor is controlled by a variable frequency drive. The power 

factor correction capacitors shall be able to withs tand high voltage 

transients and power line variations without breakd own. 

Q.  Energy Efficiency of Small Motors (Motor Efficienci es): All motors 

under 746 W (1 hp) shall meet the requirements of t he DOE Small Motor 

Regulation. 

Polyphase Open Motors 

Average full load efficiency 

Capacitor-start capacitor-run and 
capacitor-start induction run 

open motors 

Average full load efficiency 

Rating    
kW (hp) 

6 
poles 

4 
poles 

2  
poles 

Rating    
kW (hp) 

6 
poles 

4 
poles 

2 
poles 

0.18 (0.25) 67.5 69.5 65.6 0.18 (0.25) 62.2 68.5 66 .6 

0.25 (0.33) 71.4 73.4 69.5 0.25 (0.33) 66.6 72.4 70 .5 

0.37 (0.5) 75.3 78.2 73.4 0.37 (0.5) 76.2 76.2 72.4  

0.55 (0.75) 81.7 81.1 76.8 0.55 (0.75) 80.2 81.8 76 .2 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A.  Install motors in accordance with manufacturer’s re commendations, the 

NEC, NEMA, as shown on the drawings and/or as requi red by other 

sections of these specifications. 

B.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no additional cost or t ime to the 

Government. 

3.2 FIELD TESTS 

A.  All tests shall be witnessed by the Commissioning A gent or by the COR. 

B.  Perform an electric insulation resistance Test usin g a megohmmeter on 

all motors after installation, before startup. All shall test free from 

grounds. 

C.  Perform Load test in accordance with IEEE 112, Test  Method B, to 

determine freedom from electrical or mechanical def ects and compliance 

with performance data. 

D.  Insulation Resistance: Not less than one-half meg-o hm between stator 

conductors and frame, to be determined at the time of final inspection. 

E.  All test data shall be complied into a report form for each motor and 

provided to the contracting officer or their repres entative. 

3.3 STARTUP AND TESTING 

A.  Perform tests as recommended by product manufacture r and listed 

standards and under actual or simulated operating c onditions and prove 

full compliance with design and specified requireme nts. Tests of the 

various items of equipment shall be performed simul taneously with the 

system of which each item is an integral part. 

B.  When any defects are detected, correct defects and repeat test at no 

additional cost or time to the Government. 

C.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with COR and Commissioning Agent. Provide  a minimum notice of 

10 working days prior to startup and testing. 

3.4 COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 
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3.5 DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for one 

hour to instruct each VA personnel responsible in o peration and 

maintenance of the system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

- - - E N D - - - 
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SECTION 23 05 41 
NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQU IPMENT 

PART 1 -  GENERAL  

1.1  DESCRIPTION 

A.  Noise criteria, vibration tolerance and vibration i solation for HVAC 

and plumbing work.  

1.2  RELATED WORK 

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA and S AMPLES. 

B.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC.  

C.  Section 23 31 00, HVAC DUCTS and CASINGS.  

D.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

1.3  QUALITY ASSURANCE 

A.  Refer to article, QUALITY ASSURANCE in specificatio n Section 23 05 11, 

COMMON WORK RESULTS FOR HVAC. 

B.  Noise Criteria: 

1.  Noise levels in all 8 octave bands due to equipment  and duct systems 

shall not exceed following NC levels: 

TYPE OF ROOM NC LEVEL 

Audio Speech Pathology 25 

Audio Suites 25 

Auditoriums, Theaters 35-40 

Bathrooms and Toilet Rooms 40 

Chapels 35 

Conference Rooms 35 

Corridors (Nurse Stations) 40 

Corridors(Public) 40 

Dining Rooms, Food Services/ Serving 40  

Examination Rooms 35 

Gymnasiums 50 

Kitchens 50 

Laboratories (With Fume Hoods)  45 to 55 

Laundries 50 

Lobbies, Waiting Areas 40 

Locker Rooms 45 

Offices, Large Open  40 
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Offices, Small Private  35 

Operating Rooms 40 

Patient Rooms 35 

Phono/Cardiology 25 

Recreation Rooms 40-45 

Shops 50 

SPD (Decontamination and Clean Preparation)  45  

Therapeutic Pools 45 

Treatment Rooms 35 

Warehouse 50 

X-Ray and General Work Rooms 40 

 

2.  For equipment which has no sound power ratings sche duled on the 

plans, the contractor shall select equipment such t hat the fore-

going noise criteria, local ordinance noise levels,  and OSHA re-

quirements are not exceeded. Selection procedure sh all be in 

accordance with ASHRAE Fundamentals Handbook, Chapt er 7, Sound and 

Vibration. 

3.  An allowance, not to exceed 5db, may be added to th e measured value 

to compensate for the variation of the room attenua ting effect 

between room test condition prior to occupancy and design condition 

after occupancy which may include the addition of s ound absorbing 

material, such as, furniture. This allowance may no t be taken after 

occupancy. The room attenuating effect is defined a s the difference 

between sound power level emitted to room and sound  pressure level 

in room. 

4.  In absence of specified measurement requirements, m easure equipment 

noise levels three feet from equipment and at an el evation of maxi-

mum noise generation. 

C.  Not Used  

D.  Allowable Vibration Tolerances for Rotating, Non-re ciprocating Equip-

ment: Not to exceed a self-excited vibration maximu m velocity of 5 mm 

per second (0.20 inch per second) RMS, filter in, w hen measured with a 

vibration meter on bearing caps of machine in verti cal, horizontal and 

axial directions or measured at equipment mounting feet if bearings are 

concealed. Measurements for internally isolated fan s and motors may be 

made at the mounting feet. 
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1.4  SUBMITTALS 

A.  Submit in accordance with specification Section 01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES. 

B.  Manufacturer's Literature and Data: 

1.  Vibration isolators:  

a.  Floor mountings  

b.  Hangers  

c.  Snubbers  

d.  Thrust restraints  

2.  Bases. 

3.  Not Used  

4.  Acoustical enclosures. 

C.  Isolator manufacturer shall furnish with submittal load calculations 

for selection of isolators, including supplemental bases, based on 

lowest operating speed of equipment supported.  

D.  Not Used  

1.5  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  American Society of Heating, Refrigerating and Air- Conditioning 

Engineers, Inc. (ASHRAE):  

2009  ...................Fundamentals Handbook, Chapter 7 , Sound and 

Vibration 

C.  American Society for Testing and Materials (ASTM): 

A123/A123M-09...........Standard Specification for Zinc (Hot-Dip 

Galvanized) Coatings on Iron and Steel Products 

A307-07b................Standard Specification for Carbon Steel Bolts 

and Studs, 60,000 PSI Tensile Strength 

D2240-05(2010)..........Standard Test Method for Ru bber Property - 

Durometer Hardness 

D.  Manufacturers Standardization (MSS): 

SP-58-2009..............Pipe Hangers and Supports-M aterials, Design and 

Manufacture 

E.  Occupational Safety and Health Administration (OSHA ): 

29 CFR 1910.95..........Occupational Noise Exposure  

F.  American Society of Civil Engineers (ASCE):  
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ASCE 7-10  ..............Minimum Design Loads for Buildings an d Other 

Structures. 

G.  American National Standards Institute / Sheet Metal  and Air 

Conditioning Contractor’s National Association (ANS I/SMACNA):  

001-2008................Seismic Restraint Manual: G uidelines for 

Mechanical Systems, 3rd Edition. 

H.  International Code Council (ICC):  

2009  IBC................International Building Code. 

I.  Department of Veterans Affairs (VA):  

H-18-8 2010.............Seismic Design Requirements . 

PART 2 -  PRODUCTS 

2.1  GENERAL REQUIREMENTS 

A.  Type of isolator, base, and minimum static deflecti on shall be as 

required for each specific equipment application as  recommended by 

isolator or equipment manufacturer but subject to m inimum requirements 

indicated herein and in the schedule on the drawing s. 

B.  Elastometric Isolators shall comply with ASTM D2240  and be oil 

resistant neoprene with a maximum stiffness of 60 d urometer and have a 

straight-line deflection curve. 

C.  Exposure to weather: Isolator housings to be either  hot dipped 

galvanized or powder coated to ASTM B117 salt spray  testing standards.  

Springs to be powder coated or electro galvanized.  All hardware to be 

electro galvanized.  In addition, provide limit sto ps to resist wind 

velocity. Velocity pressure established by wind sha ll be calculated in 

accordance with section 1609 of the International B uilding Code.  A 

minimum wind velocity of 75 mph shall be employed. 

D.  Uniform Loading: Select and locate isolators to pro duce uniform loading 

and deflection even when equipment weight is not ev enly distributed.  

E.  Color code isolators by type and size for easy iden tification of 

capacity.  

2.2  SEISMIC RESTRAINT REQUIREMENTS FOR EQUIPMENTS – NOT USED 

2.3  VIBRATION ISOLATORS  

A.  Floor Mountings: 

1.  Double Deflection Neoprene (Type N): Shall include neoprene covered 

steel support plated (top and bottom), friction pad s, and necessary 

bolt holes. 

2.  Spring Isolators (Type S): Shall be free-standing, laterally stable 

and include acoustical friction pads and leveling b olts. Isolators 
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shall have a minimum ratio of spring diameter-to-op erating spring 

height of 1.0 and an additional travel to solid equ al to 50 percent 

of rated deflection. 

3.  Not Used  

4.  Spring Isolators with Vertical Limit Stops (Type SP ): Similar to 

spring isolators noted above, except include a vert ical limit stop 

to limit upward travel if weight is removed and als o to reduce 

movement and spring extension due to wind loads. Pr ovide clearance 

around restraining bolts to prevent mechanical shor t circuiting.  

Isolators shall have a minimum seismic rating of on e G.  

5.  Pads (Type D), Washers (Type W), and Bushings (Type  L): Pads shall 

be natural rubber or neoprene waffle, neoprene and steel waffle, or 

reinforced duck and neoprene. Washers and bushings shall be 

reinforced duck and neoprene . Washers and bushings shall be 

reinforced duck and neoprene. Size pads for a maxim um load of 345 

kPa (50 pounds per square inch). 

6.  Not Used 

B.  Hangers: Shall be combination neoprene and springs unless otherwise 

noted and shall allow for expansion of pipe. 

1.  Combination Neoprene and Spring (Type H): Vibration  hanger shall 

contain a spring and double deflection neoprene ele ment in series. 

Spring shall have a diameter not less than 0.8 of c ompressed oper-

ating spring height. Spring shall have a minimum ad ditional travel 

of 50 percent between design height and solid heigh t. Spring shall 

permit a 15 degree angular misalignment without rub bing on hanger 

box. 

2.  Spring Position Hanger (Type HP): Similar to combin ation neoprene 

and spring hanger except hanger shall hold piping a t a fixed 

elevation during installation and include a seconda ry adjustment 

feature to transfer load to spring while maintainin g same position. 

3.  Neoprene (Type HN): Vibration hanger shall contain a double 

deflection type neoprene isolation element. Hanger rod shall be 

separated from contact with hanger bracket by a neo prene grommet. 

4.  Spring (Type HS): Vibration hanger shall contain a coiled steel 

spring in series with a neoprene grommet. Spring sh all have a 

diameter not less than 0.8 of compressed operating spring height. 

Spring shall have a minimum additional travel of 50  percent between 
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design height and solid height. Spring shall permit  a 15 degree 

angular misalignment without rubbing on hanger box.  

5.  Hanger supports for piping 50 mm (2 inches) and lar ger shall have a 

pointer and scale deflection indicator. 

6.  Not Used 

C.  Snubbers: Each spring mounted base shall have a min imum of four all-

directional or eight two directional (two per side)  seismic snubbers 

that are double acting. Elastomeric materials shall  be shock absorbent 

neoprene bridge quality bearing pads, maximum 60 du rometer, replaceable 

and have a minimum thickness of 6 mm (1/4 inch). Ai r gap between hard 

and resilient material shall be not less than 3 mm (1/8 inch) nor more 

than 6 mm (1/4 inch). Restraints shall be capable o f withstanding 

design load without permanent deformation. 

D.  Thrust Restraints (Type THR): Restraints shall prov ide a spring element 

contained in a steel frame with neoprene pads at ea ch end attachment. 

Restraints shall have factory preset thrust and be field adjustable to 

allow a maximum movement of 6 mm (1/4 inch) when th e fan starts and 

stops. Restraint assemblies shall include rods, ang le brackets and 

other hardware for field installation. 

2.4  BASES  

A.  Rails (Type R): Design rails with isolator brackets  to reduce mounting 

height of equipment and cradle machines having legs  or bases that do 

not require a complete supplementary base. To assur e adequate 

stiffness, height of members shall be a minimum of 1/12 of longest base 

dimension but not less than 100 mm (4 inches). Wher e rails are used 

with neoprene mounts for small fans or close couple d pumps, extend 

rails to compensate overhang of housing. 

B.  Integral Structural Steel Base (Type B): Design bas e with isolator 

brackets to reduce mounting height of equipment whi ch require a 

complete supplementary rigid base. To assure adequa te stiffness, height 

of members shall be a minimum of 1/12 of longest ba se dimension, but 

not less than 100 mm (four inches). 

C.  Inertia Base (Type I): Base shall be a reinforced c oncrete inertia 

base. Pour concrete into a welded steel channel fra me, incorporating 

prelocated equipment anchor bolts and pipe sleeves.  Level the concrete 

to provide a smooth uniform bearing surface for equ ipment mounting. 

Provide grout under uneven supports. Channel depth shall be a minimum 

of 1/12 of longest dimension of base but not less t han 150 mm (six 
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inches). Form shall include 13-mm (1/2-inch) reinfo rcing bars welded in 

place on minimum of 203 mm (eight inch) centers run ning both ways in a 

layer 40 mm (1-1/2 inches) above bottom. Use height  saving brackets in 

all mounting locations. Weight of inertia base shal l be equal to or 

greater than weight of equipment supported to provi de a maximum peak-

to-peak displacement of 2 mm (1/16 inch). 

D.  Curb Mounted Isolation Base (Type CB): Fabricate fr om aluminum to fit 

on top of standard curb with overlap to allow water  run-off and have 

wind and water seals which shall not interfere with  spring action. 

Provide resilient snubbers with 6 mm (1/4 inch) cle arance for wind 

resistance. Top and bottom bearing surfaces shall h ave sponge type 

weather seals. Integral spring isolators shall comp ly with Spring 

Isolator (Type S) requirements. 

2.5  SOUND ATTENUATING UNITS  

 Refer to specification Section 23 31 00, HVAC DUCT S and CASINGS. 

2.6  ACOUSTICAL ENCLOSURES IN MECHANICAL ROOMS – NOT USED  

PART 3 -  EXECUTION  

3.1  INSTALLATION 

A.  Vibration Isolation: 

1.  No metal-to-metal contact will be permitted between  fixed and 

floating parts. 

2.  Connections to Equipment: Allow for deflections equ al to or greater 

than equipment deflections. Electrical, drain, pipi ng connections, 

and other items made to rotating or reciprocating e quipment (pumps, 

compressors, etc.) which rests on vibration isolato rs, shall be 

isolated from building structure for first three ha ngers or supports 

with a deflection equal to that used on the corresp onding equipment. 

3.  Common Foundation: Mount each electric motor on sam e foundation as 

driven machine. Hold driving motor and driven machi ne in positive 

rigid alignment with provision for adjusting motor alignment and 

belt tension. Bases shall be level throughout lengt h and width. 

Provide shims to facilitate pipe connections, level ing, and bolting. 

4.  Provide heat shields where elastomers are subject t o temperatures 

over 38 degrees C (l00 degrees F). 

5.  Extend bases for pipe elbow supports at discharge a nd suction 

connections at pumps. Pipe elbow supports shall not  short circuit 

pump vibration to structure. 
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6.  Non-rotating equipment such as heat exchangers and convertors shall 

be mounted on isolation units having the same stati c deflection as 

the isolation hangers or support of the pipe connec ted to the 

equipment. 

B.  Inspection and Adjustments: Check for vibration and  noise transmission 

through connections, piping, ductwork, foundations,  and walls. Adjust, 

repair, or replace isolators as required to reduce vibration and noise 

transmissions to specified levels. 

3.2  ADJUSTING  

A.  Adjust vibration isolators after piping systems are  filled and 

equipment is at operating weight. 

B.  Adjust limit stops on restrained spring isolators t o mount equipment at 

normal operating height. After equipment installati on is complete, 

adjust limit stops so they are out of contact durin g normal operation. 

C.  Attach thrust limits at centerline of thrust and ad just to a maximum of 

1/4inch (6-mm) movement during start and stop. 

D.  Adjust active height of spring isolators. 

E.  Adjust snubbers according to manufacturer's recomme ndations. 

F.  Not Used  

G.  Not Used  

3.3  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system.  Refer to sectio n 23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

- - - E N D - - -  
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SECTION 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 -  GENERAL  

1.1 DESCRIPTION  

A.  Testing, adjusting, and balancing (TAB) of heating,  ventilating and air 

conditioning (HVAC) systems. TAB includes the follo wing:  

1.  Planning systematic TAB procedures.  

2.  Design Review Report. 

3.  Systems Inspection report. 

4.  Duct Air Leakage test report. 

5.  Systems Readiness Report. 

6.  Balancing air and water distribution systems; adjus tment of total 

system to provide design performance; and testing p erformance of 

equipment and automatic controls.  

7.  Vibration and sound measurements.  

8.  Recording and reporting results.  

B.  Definitions:  

1.  Basic TAB used in this Section: Chapter 38, "Testin g, Adjusting and 

Balancing" of 2011 ASHRAE Handbook, "HVAC Applicati ons".  

2.  TAB: Testing, Adjusting and Balancing; the process of checking and 

adjusting HVAC systems to meet design objectives.  

3.  AABC: Associated Air Balance Council.  

4.  NEBB: National Environmental Balancing Bureau.  

5.  Hydronic Systems: Includes chilled water and heatin g hot water.  

6.  Air Systems: Includes all outside air, supply air, return air, 

exhaust air and relief air systems.  

7.  Flow rate tolerance: The allowable percentage varia tion, minus to 

plus, of actual flow rate from values (design) in t he contract 

documents.  

1.2 RELATED WORK  

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES. 

B.  Not Used  

C.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC.  

D.  Section 23 05 41, NOISE AND VIBRATION CONTROL FOR H VAC PIPING AND 

EQUIPMENT.  

E.  Section 23 07 11, HVAC, AND BOILER PLANT INSULATION : 

F.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. Eq uipment Insulation. 
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G.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC  

H.  Section 23 31 00, HVAC DUCTS AND CASINGS 

I.  Not Used  

J.  Section 23 64 00, PACKAGED WATER CHILLERS: Testing Refrigeration 

Equipment. 

K.  Not Used   

1.3 QUALITY ASSURANCE 

A.  Refer to Articles, Quality Assurance and Submittals , in Section 

23 05 11, COMMON WORK RESULTS FOR HVAC and Section 23 08 00, 

COMMISSIONING OF HVAC SYSTEMS.   

B.  Qualifications: 

1.  TAB Agency: The TAB agency shall be a subcontractor  of the General 

Contractor and shall report to and be paid by the G eneral 

Contractor. 

2.  The TAB agency shall be either a certified member o f AABC or 

certified by the NEBB to perform TAB service for HV AC, water 

balancing and vibrations and sound testing of equip ment. The 

certification shall be maintained for the entire du ration of duties 

specified herein. If, for any reason, the agency lo ses subject 

certification during this period, the General Contr actor shall 

immediately notify the COR and submit another TAB f irm for approval. 

Any agency that has been the subject of disciplinar y action by 

either the AABC or the NEBB within the five years p receding Contract 

Award shall not be eligible to perform any work rel ated to the TAB. 

All work performed in this Section and in other rel ated Sections by 

the TAB agency shall be considered invalid if the T AB agency loses 

its certification prior to Contract completion, and  the successor 

agency’s review shows unsatisfactory work performed  by the 

predecessor agency. 

3.  TAB Specialist: The TAB specialist shall be either a member of AABC 

or an experienced technician of the Agency certifie d by NEBB. The 

certification shall be maintained for the entire du ration of duties 

specified herein. If, for any reason, the Specialis t loses subject 

certification during this period, the General Contr actor shall 

immediately notify the COR and submit another TAB S pecialist for 

approval. Any individual that has been the subject of disciplinary 

action by either the AABC or the NEBB within the fi ve years 
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preceding Contract Award shall not be eligible to p erform any duties 

related to the HVAC systems, including TAB. All wor k specified in 

this Section and in other related Sections performe d by the TAB 

specialist shall be considered invalid if the TAB S pecialist loses 

its certification prior to Contract completion and must be performed 

by an approved successor. 

4.  TAB Specialist shall be identified by the General C ontractor within 

60 days after the notice to proceed. The TAB specia list will be 

coordinating, scheduling and reporting all TAB work  and related 

activities and will provide necessary information a s required by the 

COR. The responsibilities would specifically includ e: 

a.  Shall directly supervise all TAB work. 

b.  Shall sign the TAB reports that bear the seal of th e TAB 

standard. The reports shall be accompanied by repor t forms and 

schematic drawings required by the TAB standard, AA BC or NEBB.  

c.  Would follow all TAB work through its satisfactory completion. 

d.  Shall provide final markings of settings of all HVA C adjustment 

devices. 

e.  Permanently mark location of duct test ports. 

5.  All TAB technicians performing actual TAB work shal l be experienced 

and must have done satisfactory work on a minimum o f 3 projects 

comparable in size and complexity to this project. Qualifications 

must be certified by the TAB agency in writing. The  lead technician 

shall be certified by AABC or NEBB 

C.  Test Equipment Criteria: The instrumentation shall meet the 

accuracy/calibration requirements established by AA BC National 

Standards or by NEBB Procedural Standards for Testi ng, Adjusting and 

Balancing of Environmental Systems and instrument m anufacturer. Provide 

calibration history of the instruments to be used f or test and balance 

purpose. 

D.  Tab Criteria:  

1.  One or more of the applicable AABC, NEBB or SMACNA publications, 

supplemented by ASHRAE Handbook "HVAC Applications"  Chapter 38, and 

requirements stated herein shall be the basis for p lanning, 

procedures, and reports.  

2.  Flow rate tolerance: Following tolerances are allow ed. For 

tolerances not mentioned herein follow 2011 ASHRAE Handbook "HVAC 
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Applications", Chapter 38, as a guideline. Air Filt er resistance 

during tests, artificially imposed if necessary, sh all be at least 

100 percent of manufacturer recommended change over  pressure drop 

values for pre-filters and after-filters.      

a.  Air handling unit and all other fans, cubic meters/ min (cubic 

feet per minute): Minus 0 percent to plus l0 percen t.  

b.  Not Used  

c.  Not Used  

d.  Minimum outside air: 0 percent to plus 10 percent.  

e.  Individual room air outlets and inlets, and air flo w rates not 

mentioned above: Minus 5 percent to plus l0 percent  except if the 

air to a space is 100 CFM or less the tolerance wou ld be minus 5 

to plus 5 percent.  

f.  Heating hot water pumps and hot water coils: Minus 5 percent to 

plus 5 percent.  

g.  Chilled water pumps: Minus 0 percent to plus 5 perc ent.  

h.  Chilled water coils: Minus 0 percent to plus 5 perc ent.  

3.  Systems shall be adjusted for energy efficient oper ation as 

described in PART 3.  

4.  Typical TAB procedures and results shall be demonst rated to the COR 

for one air distribution system (including all fans , three terminal 

units, three rooms randomly selected by the COR) an d one hydronic 

system (pumps and three coils) as follows:  

a.  When field TAB work begins.  

b.  During each partial final inspection and the final inspection for 

the project if requested by VA.  

1.4 SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, and SAMPLES. 

B.  Submit names and qualifications of TAB agency and T AB specialists 

within 60 days after the notice to proceed. Submit information on three 

recently completed projects and a list of proposed test equipment.  

C.  For use by the COR staff, submit one complete set o f applicable AABC or 

NEBB publications that will be the basis of TAB wor k. 

D.  Submit Following for Review and Approval:  
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1.  Design Review Report within 90 days for conventiona l design projects 

after the system layout on air and water side is co mpleted by the 

Contractor. 

2.  Systems inspection report on equipment and installa tion for 

conformance with design. 

3.  Duct Air Leakage Test Report. 

4.  Systems Readiness Report. 

5.  Intermediate and Final TAB reports covering flow ba lance and 

adjustments, performance tests, vibration tests and  sound tests. 

6.  Include in final reports uncorrected installation d eficiencies noted 

during TAB and applicable explanatory comments on t est results that 

differ from design requirements.  

E.  Prior to request for Final or Partial Final inspect ion, submit 

completed Test and Balance report for the area. 

1.5 APPLICABLE PUBLICATIONS 

A.  The following publications form a part of this spec ification to the 

extent indicated by the reference thereto. In text the publications are 

referenced to by the acronym of the organization.  

B.  American Society of Heating, Refrigerating and Air Conditioning 

Engineers, Inc. (ASHRAE):  

2011 ...................HVAC Applications ASHRAE Handboo k, Chapter 38, 

Testing, Adjusting, and Balancing and Chapter 

48, Sound and Vibration Control 

C.  Associated Air Balance Council (AABC):  

2002....................AABC National Standards for  Total System 

Balance 

D.  National Environmental Balancing Bureau (NEBB):  

7th  Edition 2005 ........Procedural Standards for Test ing, Adjusting, 

Balancing of Environmental Systems 

2nd Edition 2006  .......Procedural Standards for the Measurement of 

Sound and Vibration 

3rd  Edition 2009 ........Procedural Standards for Whol e Building Systems   

Commissioning of New Construction 

E.  Sheet Metal and Air Conditioning Contractors Nation al Association 

(SMACNA):  

3rd  Edition 2002 ........HVAC SYSTEMS Testing, Adjusti ng and Balancing 
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PART 2 -  PRODUCTS  

2.1 PLUGS  

Provide plastic plugs to seal holes drilled in duct work for test 

purposes. 

2.2 INSULATION REPAIR MATERIAL  

See Section 23 07 11, HVAC and BOILER PLANT INSULAT ION Provide for 

repair of insulation removed or damaged for TAB wor k.  

PART 3 -  EXECUTION  

3.1 GENERAL  

A.  Refer to TAB Criteria in Article, Quality Assurance .  

B.  Obtain applicable contract documents and copies of approved submittals 

for HVAC equipment and automatic control systems.  

3.2 DESIGN REVIEW REPORT 

The TAB Specialist shall review the Contract Plans and specifications 

and advise the COR of any design deficiencies that would prevent the 

HVAC systems from effectively operating in accordan ce with the sequence 

of operation specified or prevent the effective and  accurate TAB of the 

system. The TAB Specialist shall provide a report i ndividually listing 

each deficiency and the corresponding proposed corr ective action 

necessary for proper system operation. 

3.3 SYSTEMS INSPECTION REPORT 

A.  Inspect equipment and installation for conformance with design.  

B.  The inspection and report is to be done after air d istribution 

equipment is on site and duct installation has begu n, but well in 

advance of performance testing and balancing work. The purpose of the 

inspection is to identify and report deviations fro m design and ensure 

that systems will be ready for TAB at the appropria te time.  

C.  Reports: Follow check list format developed by AABC , NEBB or SMACNA, 

supplemented by narrative comments, with emphasis o n air handling units 

and fans. Check for conformance with submittals. Ve rify that diffuser 

and register sizes are correct. Check air terminal unit installation 

including their duct sizes and routing.  

3.4 DUCT AIR LEAKAGE TEST REPORT 

TAB Agency shall perform the leakage test as outlin ed in "Duct leakage 

Tests and Repairs" in Section 23 31 00, HVAC DUCTS and CASINGS for TAB 

agency’s role and responsibilities in witnessing, r ecording and 

reporting of deficiencies. 
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3.5 SYSTEM READINESS REPORT 

A.  The TAB Contractor shall measure existing air and w ater flow rates 

associated with existing systems utilized to serve renovated areas as 

indicated on drawings.  Submit report of findings t o COR. 

B.  Inspect each System to ensure that it is complete i ncluding 

installation and operation of controls.  Submit rep ort to RE in 

standard format and forms prepared and or approved by the Commissioning 

Agent. 

C.  Verify that all items such as ductwork piping, port s, terminals, 

connectors, etc., that is required for TAB are inst alled. Provide a 

report to the COR. 

3.6 TAB REPORTS 

A.  Submit an intermediate report for 50 percent of sys tems and equipment 

tested and balanced to establish satisfactory test results. 

B.  The TAB contractor shall provide raw data immediate ly in writing to the 

COR if there is a problem in achieving intended res ults before 

submitting a formal report. 

C.  If over 20 percent of readings in the intermediate report fall outside 

the acceptable range, the TAB report shall be consi dered invalid and 

all contract TAB work shall be repeated and re-subm itted for approval 

at no additional cost to the owner. 

D.  Do not proceed with the remaining systems until int ermediate report is 

approved by the COR. 

3.7 TAB PROCEDURES  

A.  Tab shall be performed in accordance with the requi rement of the 

Standard under which TAB agency is certified by eit her AABC or NEBB. 

B.  General: During TAB all related system components s hall be in full 

operation. Fan and pump rotation, motor loads and e quipment vibration 

shall be checked and corrected as necessary before proceeding with TAB. 

Set controls and/or block off parts of distribution  systems to simulate 

design operation of variable volume air or water sy stems for test and 

balance work.  

C.  Coordinate TAB procedures with existing systems and  any phased 

construction completion requirements for the projec t. Provide TAB 

reports for each phase of the project prior to part ial final 

inspections of each phase of the project.   
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D.  Allow 30 days time in construction schedule for TAB  and submission of 

all reports for an organized and timely correction of deficiencies. 

E.  Air Balance and Equipment Test: Include air handlin g units, fans, 

terminal units, fan coil units, room diffusers/outl ets/inlets, computer 

room AC units, and laboratory fume hoods and biolog ical safety 

cabinets.  

1.  Artificially load air filters by partial blanking t o produce air 

pressure drop of manufacturer’s recommended pressur e drop.  

2.  Adjust fan speeds to provide design air flow. V-bel t drives, 

including fixed pitch pulley requirements, are spec ified in Section 

23 05 11, COMMON WORK RESULTS FOR HVAC. 

3.  Test and balance systems in all specified modes of operation, 

including variable volume, economizer, and fire eme rgency modes. 

Verify that dampers and other controls function pro perly.  

4.  Not Used  

5.  Record final measurements for air handling equipmen t performance 

data sheets.  

F.  Water Balance and Equipment Test: Include circulati ng pumps, 

convertors, coils, coolers and condensers:  

1.  Coordinate water chiller flow balancing with Sectio n 23 64 00, 

PACKAGED WATER CHILLERS. 

2.  Adjust flow rates for equipment. Set coils and evap orator to values 

on equipment submittals, if different from values o n contract 

drawings.  

3.  Primary-secondary (variable volume) systems: Coordi nate TAB with 

Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. Balance 

systems at design water flow and then verify that v ariable flow 

controls function as designed.  

4.  Record final measurements for hydronic equipment on  performance data 

sheets. Include entering and leaving water temperat ures for heating 

and cooling coils, and for convertors. Include ente ring and leaving 

air temperatures (DB/WB for cooling coils) for air handling units 

and reheat coils. Make air and water temperature me asurements at the 

same time.  

3.8 VIBRATION TESTING  

A.  Furnish instruments and perform vibration measureme nts as specified in 

Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 
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EQUIPMENT. Field vibration balancing is specified i n Section 23 05 11, 

COMMON WORK RESULTS FOR HVAC. Provide measurements for all rotating 

HVAC equipment of 373 watts (1/2 horsepower) and la rger, including 

centrifugal/screw compressors, cooling towers, pump s, fans and motors.  

B.  Record initial measurements for each unit of equipm ent on test forms 

and submit a report to the COR. Where vibration rea dings exceed the 

allowable tolerance Contractor shall be directed to  correct the 

problem. The TAB agency shall verify that the corre ctions are done and 

submit a final report to the COR.  

3.9 SOUND TESTING  

A.  Perform and record required sound measurements in a ccordance with 

Paragraph, QUALITY ASSURANCE in Section 23 05 41, N OISE and VIBRATION 

CONTROL FOR HVAC PIPING and EQUIPMENT.  

1.  Take readings in rooms, approximately fifteen (15) percent of all 

rooms. The COR may designate the specific rooms to be tested.   

2.  Not Used 

B.  Take measurements with a calibrated sound level met er and octave band 

analyzer of the accuracy required by AABC or NEBB.  

C.  Sound reference levels, formulas and coefficients s hall be according to 

2011 ASHRAE Handbook, "HVAC Applications", Chapter 48, SOUND AND 

VIBRATION CONTROL. 

D.  Determine compliance with specifications as follows :  

1.  When sound pressure levels are specified, including  the NC Criteria 

in Section 23 05 41, NOISE and VIBRATION CONTROL FO R HVAC PIPING and 

EQUIPMENT:  

a.  Reduce the background noise as much as possible by shutting off 

unrelated audible equipment.  

b.  Measure octave band sound pressure levels with spec ified 

equipment "off."  

c.  Measure octave band sound pressure levels with spec ified 

equipment "on."  

d.  Use the DIFFERENCE in corresponding readings to det ermine the 

sound pressure due to equipment.  

 

DIFFERENCE: 0 1 2 3 4 5 to 9 10 or More 

FACTOR: 10 7 4 3 2 1 0 
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 Sound pressure level due to equipment equals sound  pressure level 

with equipment "on" minus FACTOR.  

e.  Plot octave bands of sound pressure level due to eq uipment for 

typical rooms on a graph which also shows noise cri teria (NC) 

curves. 

2.  When sound power levels are specified:  

a.  Perform steps 1.a. thru 1.d., as above.  

b.  For indoor equipment: Determine room attenuating ef fect, i.e., 

difference between sound power level and sound pres sure level. 

Determined sound power level will be the sum of sou nd pressure 

level due to equipment plus the room attenuating ef fect.  

c.  For outdoor equipment: Use directivity factor and d istance from 

noise source to determine distance factor, i.e., di fference 

between sound power level and sound pressure level.  Measured 

sound power level will be the sum of sound pressure  level due to 

equipment plus the distance factor. Use 10 meters ( 30 feet) for 

sound level location. 

3.  Where sound pressure levels are specified in terms of dB(A), measure 

sound levels using the "A" scale of meter. Single v alue readings 

will be used instead of octave band analysis.  

E.  Where measured sound levels exceed specified level,  the installing 

contractor or equipment manufacturer shall take rem edial action 

approved by the COR and the necessary sound tests s hall be repeated. 

F.  Test readings for sound testing could go higher tha n 15 percent if 

determination is made by the COR based on the recor ded sound data. 

3.10 MARKING OF SETTINGS 

Following approval of Tab final Report, the setting  of all HVAC 

adjustment devices including valves, splitters and dampers shall be 

permanently marked by the TAB Specialist so that ad justment can be 

restored if disturbed at any time. Style and colors  used for markings 

shall be coordinated with the COR.  

3.11 IDENTIFICATION OF TEST PORTS 

The TAB Specialist shall permanently and legibly id entify the location 

points of duct test ports. If the ductwork has exte rior insulation, the 

identification shall be made on the exterior side o f the insulation. 

All penetrations through ductwork and ductwork insu lation shall be 

sealed to prevent air leaks and maintain integrity of vapor barrier. 
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3.12 PHASING 

A.  Phased Projects: Testing and Balancing Work to foll ow project with 

areas shall be completed per the project phasing. U pon completion of 

the project all areas shall have been tested and ba lanced per the 

contract documents. 

B.  Existing Areas: Systems that serve areas outside of  the project scope 

shall not be adversely affected. Measure existing p arameters where 

shown to document system capacity. 

3.13 COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

- - E N D - - - 
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SECTION 23 07 11 
HVAC AND BOILER PLANT INSULATION 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Field applied insulation for thermal efficiency and  condensation 

control for  

1.  HVAC piping, ductwork and equipment. 

2.  Not Used  

3.  Re-insulation of HVAC piping, ductwork and equipmen t, plumbing 

piping and equipment and boiler plant piping, breec hing and stacks 

and equipment after asbestos abatement. 

B.  Definitions  

1.  ASJ: All service jacket, white finish facing or jac ket.  

2.  Air conditioned space: Space having air temperature  and/or humidity 

controlled by mechanical equipment.  

3.  Cold: Equipment, ductwork or piping handling media at design 

temperature of 16 degrees C (60 degrees F) or below .  

4.  Concealed: Ductwork and piping above ceilings and i n chases, 

interstitial space and pipe spaces.  

5.  Exposed: Piping, ductwork, and equipment exposed to  view in finished 

areas including mechanical and electrical equipment  rooms or exposed 

to outdoor weather. Attics and crawl spaces where a ir handling units 

are located are considered to be mechanical rooms. Shafts, chases, 

interstitial spaces, unfinished attics, crawl space s and pipe 

basements are not considered finished areas. 

6.  FSK: Foil-scrim-kraft facing.  

7.  Hot: HVAC Ductwork handling air at design temperatu re above 16 

degrees C (60 degrees F);HVAC equipment or piping h andling media 

above 41 degrees C (105 degrees F).  

8.  Density: kg/m 3 - kilograms per cubic meter (Pcf - pounds per cubi c 

foot).  

9.  Runouts: Branch pipe connections up to 25-mm (one-i nch) nominal size 

to fan coil units or reheat coils for terminal unit s. 

10.  Thermal conductance: Heat flow rate through materia ls. 

a.  Flat surface: Watt per square meter (BTU per hour p er square 

foot).  
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b.  Pipe or Cylinder: Watt per square meter (BTU per ho ur per linear 

foot).  

11.  Thermal Conductivity (k): Watt per meter, per degre e C (BTU per inch 

thickness, per hour, per square foot, per degree F temperature 

difference). 

12.  Vapor Retarder (Vapor Barrier):  A material which r etards the 

transmission (migration) of water vapor.  Performan ce of the vapor 

retarder is rated in terms of permeance (perms).  F or the purpose of 

this specification, vapor retarders shall have a ma ximum published 

permeance of 0.1 perms and vapor barriers shall hav e a maximum 

published permeance of 0.001 perms.   

13.  HPS: High pressure steam (415 kPa [60 psig] and abo ve). 

14.  HPR: High pressure steam condensate return. 

15.  MPS: Medium pressure steam (110 kPa [16 psig] thru 414 kPa [59 

psig]. 

16.  MPR: Medium pressure steam condensate return. 

17.  LPS: Low pressure steam (103 kPa [15 psig] and belo w). 

18.  LPR: Low pressure steam condensate gravity return. 

19.  PC: Pumped condensate. 

20.  HWH: Hot water heating supply. 

21.  HWHR: Hot water heating return. 

22.  GH: Hot glycol-water heating supply. 

23.  GHR: Hot glycol-water heating return. 

24.  FWPD: Feedwater pump discharge. 

25.  FWPS: Feedwater pump suction. 

26.  CTPD: Condensate transfer pump discharge. 

27.  CTPS: Condensate transfer pump suction. 

28.  VR: Vacuum condensate return. 

29.  CPD: Condensate pump discharge. 

30.  R: Pump recirculation. 

31.  FOS: Fuel oil supply. 

32.  FOR: Fuel oil return. 

33.  CW: Cold water. 

34.  SW: Soft water. 

35.  HW: Hot water. 

36.  CH: Chilled water supply. 

37.  CHR: Chilled water return. 
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38.  GC: Chilled glycol-water supply. 

39.  GCR: Chilled glycol-water return. 

40.  RS: Refrigerant suction. 

41.  PVDC: Polyvinylidene chloride vapor retarder jacket ing, white. 

1.2  RELATED WORK  

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES. 

B.  Section 02 82 11, TRADITIONAL ASBESTOS ABATEMENT. 

C.  Section 02 82 13.13, GLOVEBAG ASBESTOS ABATEMENT. 

D.  Section 07 84 00, FIRESTOPPING.  

E.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC.  

F.  Not Used  

G.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

H.  Section 23 21 13, HYDRONIC PIPING.  

I.  Section 23 22 13, STEAM and CONDENSATE HEATING PIPI NG 

J.  Not Used  

K.  Not Used  

L.  Not Used  

1.3  QUALITY ASSURANCE  

A.  Refer to article QUALITY ASSURANCE, in Section 23 0 5 11, COMMON WORK 

RESULTS FOR HVAC. 

B.  Criteria:  

1.  Comply with NFPA 90A, particularly paragraphs 4.3.3 .1 through 

4.3.3.6, 4.3.10.2.6, and 5.4.6.4, parts of which ar e quoted as 

follows: 

4.3.3.1 Pipe insulation and coverings, duct coverings, duct  
linings, vapor retarder facings, adhesives, fastene rs, tapes, and 
supplementary materials added to air ducts, plenums , panels, and 
duct silencers used in duct systems, unless otherwi se provided 
for in  4.3.3.1.1 or  4.3.3.1.2., shall have, in th e form in 
which they are used, a maximum flame spread index o f 25 without 
evidence of continued progressive combustion and a maximum smoke 
developed index of 50 when tested in accordance wit h  NFPA 255, 
Standard Method of Test of Surface Burning Characteristics of 
Building Materials.  

4.3.3.1.1 Where these products are to be applied with adhesiv es, 
they shall be tested with such adhesives applied, o r the 
adhesives used shall have a maximum flame spread in dex of 25 and 
a maximum smoke developed index of 50 when in the f inal dry 
state. (See 4.2.4.2.)  

4.3.3.1.2 The flame spread and smoke developed index requirem ents 
of  4.3.3.1.1 shall not apply to air duct weatherpr oof coverings 
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where they are located entirely outside of a buildi ng, do not 
penetrate a wall or roof, and do not create an expo sure hazard.  

4.3.3.2 Closure systems for use with rigid and flex ible air ducts 
tested in accordance with UL 181, Standard for Safe ty Factory-
Made Air Ducts and Air Connectors, shall have been tested, 
listed, and used in accordance with the conditions of their 
listings, in accordance with one of the following:  

(1) UL 181A, Standard for Safety Closure Systems fo r Use with 
Rigid Air Ducts and Air Connectors  

(2) UL 181B, Standard for Safety Closure Systems fo r Use with 
Flexible Air Ducts and Air Connectors  

4.3.3.3 Air duct, panel, and plenum coverings and l inings, and 
pipe insulation and coverings shall not flame, glow , smolder, or 
smoke when tested in accordance with a similar test  for pipe 
covering, ASTM C 411, Standard Test Method for Hot- Surface 
Performance of High-Temperature Thermal Insulation,  at the 
temperature to which they are exposed in service.  

4.3.3.3.1 In no case shall the test temperature be below 121°C 
(250°F).  

4.3.3.4 Air duct coverings shall not extend through  walls or 
floors that are required to be fire stopped or requ ired to have a 
fire resistance rating, unless such coverings meet the 
requirements of 5.4.6.4.  

4.3.3.5* Air duct linings shall be interrupted at f ire dampers to 
prevent interference with the operation of devices.   

4.3.3.6 Air duct coverings shall not be installed s o as to 
conceal or prevent the use of any service opening.  

4.3.10.2.6 Materials exposed to the airflow shall b e 
noncombustible or limited combustible and have a ma ximum smoke 
developed index of 50 or comply with the following.   

4.3.10.2.6.1 Electrical wires and cables and optica l fiber cables 
shall be listed as noncombustible or limited combus tible and have 
a maximum smoke developed index of 50 or shall be l isted as 
having a maximum peak optical density of 0.5 or les s, an average 
optical density of 0.15 or less, and a maximum flam e spread 
distance of 1.5 m (5 ft) or less when tested in acc ordance 
with  NFPA 262, Standard Method of Test for Flame T ravel and 
Smoke of Wires and Cables for Use in Air-Handling S paces.  

 Not Used    

4.3.10.2.6.4 Optical-fiber and communication racewa ys shall be 
listed as having a maximum peak optical density of 0.5 or less, 
an average optical density of 0.15 or less, and a m aximum flame 
spread distance of 1.5 m (5 ft) or less when tested  in accordance 
with UL 2024, Standard for Safety Optical-Fiber Cab le Raceway.  

4.3.10.2.6.6 Supplementary materials for air distri bution systems 
shall be permitted when complying with the provisio ns of 4.3.3.  
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5.4.6.4 Where air ducts pass through walls, floors,  or partitions 
that are required to have a fire resistance rating and where fire 
dampers are not required, the opening in the constr uction around 
the air duct shall be as follows:  

(1)      Not exceeding a 25.4 mm (1 in.) average cl earance on all 
sides  

(2)      Filled solid with an approved material cap able of 
preventing the passage of flame and hot gases suffi cient to 
ignite cotton waste when subjected to the time-temp erature fire 
conditions required for fire barrier penetration as  specified 
in NFPA 251, Standard Methods of Tests of Fire Endurance of 
Building Construction and Materials  

2.  Test methods: ASTM E84, UL 723, or NFPA 255.  

3.  Specified k factors are at 24 degrees C (75 degrees  F) mean 

temperature unless stated otherwise. Where optional  thermal 

insulation material is used, select thickness to pr ovide thermal 

conductance no greater than that for the specified material. For 

pipe, use insulation manufacturer's published heat flow tables. For 

domestic hot water supply and return, run out insul ation and 

condensation control insulation, no thickness adjus tment need be 

made.  

4.  All materials shall be compatible and suitable for service 

temperature and shall not contribute to corrosion o r otherwise 

attack surface to which applied in either the wet o r dry state.  

C.  Every package or standard container of insulation o r accessories 

delivered to the job site for use must have a manuf acturer's stamp or 

label giving the name of the manufacturer and descr iption of the 

material.  

1.4  SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, and SAMPLES. 

B.  Shop Drawings:  

1.  All information, clearly presented, shall be includ ed to determine 

compliance with drawings and specifications and AST M, federal and 

military specifications. 

a.  Insulation materials: Specify each type used and st ate surface 

burning characteristics.  

b.  Insulation facings and jackets: Each type used. Mak e it clear 

that white finish will be furnished for exposed duc twork, casings 

and equipment.  
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c.  Insulation accessory materials: Each type used.  

d.  Manufacturer's installation and fitting fabrication  instructions 

for flexible unicellular insulation.  

e.  Make reference to applicable specification paragrap h numbers for 

coordination.  

C.  Samples:  

1.  Each type of insulation: Minimum size 100 mm (4 inc hes) square for 

board/block/ blanket; 150 mm (6 inches) long, full diameter for 

round types.  

2.  Each type of facing and jacket: Minimum size 100 mm  (4 inches 

square).  

3.  Each accessory material: Minimum 120 ML (4 ounce) l iquid container 

or 120 gram (4 ounce) dry weight for adhesives / ce ment / mastic. 

1.5  STORAGE AND HANDLING OF MATERIAL 

Store materials in clean and dry environment, pipe covering jackets 

shall be clean and unmarred. Place adhesives in ori ginal containers. 

Maintain ambient temperatures and conditions as req uired by printed 

instructions of manufacturers of adhesives, mastics  and finishing 

cements.  

1.6  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by basic 

designation only.  

B.  Federal Specifications (Fed. Spec.):  

L-P-535E (2)- 99........Plastic Sheet (Sheeting): P lastic Strip; Poly 

(Vinyl Chloride) and Poly (Vinyl Chloride - 

Vinyl Acetate), Rigid. 

C.  Military Specifications (Mil. Spec.):  

MIL-A-3316C (2)-90......Adhesives, Fire-Resistant, Thermal Insulation 

MIL-A-24179A (1)-87.....Adhesive, Flexible Unicellu lar-Plastic 

Thermal Insulation  

MIL-C-19565C (1)-88.....Coating Compounds, Thermal Insulation, Fire-and 

Water-Resistant, Vapor-Barrier 

MIL-C-20079H-87.........Cloth, Glass; Tape, Textile  Glass; and Thread, 

Glass and Wire-Reinforced Glass  
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D.  American Society for Testing and Materials (ASTM):  

A167-99(2004)...........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, 

Sheet, and Strip  

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate  

C411-05.................Standard test method for Ho t-Surface 

Performance of High-Temperature Thermal 

Insulation  

C449-07.................Standard Specification for Mineral Fiber 

Hydraulic-Setting Thermal Insulating and 

Finishing Cement 

C533-09.................Standard Specification for Calcium Silicate 

Block and Pipe Thermal Insulation  

C534-08.................Standard Specification for Preformed Flexible 

Elastomeric Cellular Thermal Insulation in 

Sheet and Tubular Form 

C547-07.................Standard Specification for Mineral Fiber pipe 

Insulation  

C552-07.................Standard Specification for Cellular Glass 

Thermal Insulation 

C553-08.................Standard Specification for Mineral Fiber 

Blanket Thermal Insulation for Commercial and 

Industrial Applications 

C585-09.................Standard Practice for Inner  and Outer Diameters 

of Rigid Thermal Insulation for Nominal Sizes 

of Pipe and Tubing (NPS System) R (1998) 

C612-10.................Standard Specification for Mineral Fiber Block 

and Board Thermal Insulation 

C1126-04................Standard Specification for Faced or Unfaced 

Rigid Cellular Phenolic Thermal Insulation  

C1136-10................Standard Specification for Flexible, Low 

Permeance Vapor Retarders for Thermal 

Insulation 

D1668-97a (2006)........Standard Specification for Glass Fabrics (Woven 

and Treated) for Roofing and Waterproofing  
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E84-10..................Standard Test Method for Su rface Burning 

Characteristics of Building  

Materials 

E119-09c ................Standard Test Method for Fire Tests of Building 

Construction and Materials  

E136-09b................Standard Test Methods for B ehavior of Materials 

in a Vertical Tube Furnace at 750 degrees C 

(1380 F) 

E.  National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems 

96-08...................Standards for Ventilation C ontrol and Fire 

Protection of Commercial Cooking Operations 

101-09..................Life Safety Code 

251-06..................Standard methods of Tests o f Fire Endurance of 

Building Construction Materials 

255-06..................Standard Method of tests of  Surface Burning 

Characteristics of Building Materials 

F.  Underwriters Laboratories, Inc (UL): 

723 ..................... UL Standard for Safety  Test for Surface Burning 

Characteristics of Building Materials with 

Revision of 09/08 

G.  Manufacturer’s Standardization Society of the Valve  and Fitting 

Industry (MSS): 

SP58-2009...............Pipe Hangers and Supports M aterials, Design, 

and Manufacture 

PART 2 -  PRODUCTS  

2.1  MINERAL FIBER OR FIBER GLASS  

A.  ASTM C612 (Board, Block), Class 1 or 2, density 48 kg/m 3 (3 pcf), k = 

0.037 (0.26) at 24 degrees C (75 degrees F), extern al insulation for 

temperatures up to 204 degrees C (400 degrees F) wi th foil scrim (FSK) 

facing. 

B.  ASTM C553 (Blanket, Flexible) Type I, Class B-5, De nsity 32 kg/m 3 (2 

pcf), k = 0.04 (0.27) at 24 degrees C (75 degrees F ), for use at 

temperatures up to 204 degrees C (400 degrees F) wi th foil scrim (FSK) 

facing. 
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C.  ASTM C547 (Pipe Fitting Insulation and Preformed Pi pe Insulation), 

Class 1, k = 0.037 (0.26) at 24 degrees C (75 degre es F), for use at 

temperatures up to 230 degrees C (450 degrees F) wi th an all service 

vapor retarder jacket with polyvinyl chloride premo lded fitting 

covering. 

2.2  MINERAL WOOL OR REFRACTORY FIBER 

A.  Comply with Standard ASTM C612, Class 3, 450 degree s C (850 degrees F). 

2.3  RIGID CELLULAR PHENOLIC FOAM 

A.  Preformed (molded) pipe insulation, ASTM C1126, typ e III, grade 1, k = 

0.021(0.15) at 10 degrees C (50 degrees F), for use  at temperatures up 

to 121 degrees C (250 degrees F) with all service v apor retarder jacket 

with polyvinyl chloride premolded fitting covering.  

B.  Equipment and Duct Insulation, ASTM C 1126, type II , grade 1, k = 0.021 

(0.15) at 10 degrees C (50 degrees F), for use at t emperatures up to 

121 degrees C (250 degrees F) with rigid cellular p henolic insulation 

and covering, and all service vapor retarder jacket . 

2.4  CELLULAR GLASS CLOSED-CELL 

A.  Comply with Standard ASTM C177, C518, density 120 k g/m 3 (7.5 pcf) 

nominal, k = 0.033 (0.29) at 240 degrees C (75 degr ees F). 

B.  Pipe insulation for use at temperatures up to 200 d egrees C (400 

degrees F) with all service vapor retarder jacket. 

2.5  POLYISOCYANURATE CLOSED-CELL RIGID 

A.  Preformed (fabricated) pipe insulation, ASTM C591, type IV, 

K=0.027(0.19) at 24 degrees C (75 degrees F), flame  spread not over 25, 

smoke developed not over 50, for use at temperature s up to 149 degree C 

(300 degree F) with factory applied PVDC or all ser vice vapor retarder 

jacket with polyvinyl chloride premolded fitting co vers. 

B.  Equipment and duct insulation, ASTM C 591,type IV, K=0.027(0.19) at 24 

degrees C (75 degrees F), for use at temperatures u p to 149 degrees C 

(300 degrees F) with PVDC or all service jacket vap or retarder jacket. 

2.6  FLEXIBLE ELASTOMERIC CELLULAR THERMAL 

ASTM C177, C518, k = 0.039 (0.27) at 24 degrees C ( 75 degrees F), flame 

spread not over 25, smoke developed not over 50, fo r temperatures from 

minus 4 degrees C (40 degrees F) to 93 degrees C (2 00 degrees F). No 

jacket required.  
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2.7  DUCT WRAP FOR KITCHEN HOOD GREASE DUCTS – NOT USED 

2.8  CALCIUM SILICATE 

A.  Preformed pipe Insulation: ASTM C533, Type I and Ty pe II with indicator 

denoting asbestos-free material. 

B.  Premolded Pipe Fitting Insulation: ASTM C533, Type I and Type II with 

indicator denoting asbestos-free material.  

C.  Equipment Insulation: ASTM C533, Type I and Type II  

D.  Characteristics: 

 

Insulation Characteristics 

ITEMS TYPE I TYPE II 

Temperature, maximum degrees C 

(degrees F) 

649 (1200) 927 (1700) 

Density (dry), Kg/m 3 (lb/ ft3) 232 (14.5) 288 (18) 

Thermal conductivity: 

Min W/ m K (Btu in/h ft 2 degrees F)@ 

mean temperature of 93 degrees C 

(200 degrees F) 

 

0.059 

(0.41) 

 

 

0.078 

(0.540) 

Surface burning characteristics: 

Flame spread Index, Maximum 

 

0 

 

0 

Smoke Density index, Maximum 0 0 

 

2.9  INSULATION FACINGS AND JACKETS 

A.  Vapor Retarder, higher strength with low water perm eance = 0.02 or less 

perm rating, Beach puncture 50 units for insulation  facing on exposed 

ductwork, casings and equipment, and for pipe insul ation jackets. 

Facings and jackets shall be all service type (ASJ)  or PVDC Vapor 

Retarder jacketing.  

B.  ASJ jacket shall be white kraft bonded to 0.025 mm (1 mil) thick 

aluminum foil, fiberglass reinforced, with pressure  sensitive adhesive 

closure. Comply with ASTM C1136. Beach puncture 50 units, Suitable for 

painting without sizing. Jackets shall have minimum  40 mm (1-1/2 inch) 

lap on longitudinal joints and minimum 75 mm (3 inc h) butt strip on end 

joints. Butt strip material shall be same as the ja cket. Lap and butt 

strips shall be self-sealing type with factory-appl ied pressure 

sensitive adhesive. 
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C.  Vapor Retarder medium strength with low water vapor  permeance of 0.02 

or less perm rating), Beach puncture 25 units: Foil -Scrim-Kraft (FSK) 

or PVDC vapor retarder jacketing type for concealed  ductwork and 

equipment.  

D.  Field applied vapor barrier jackets shall be provid ed, in addition to 

the specified facings and jackets, on all exterior piping and ductwork 

as well as on interior piping and ductwork exposed to outdoor air 

(i.e.; in ventilated attics, piping in ventilated ( not air conditioned) 

spaces, etc.)in high humidity areas.  The vapor bar rier jacket shall 

consist of a multi-layer laminated cladding with a maximum water vapor 

permeance of 0.001 perms.  The minimum puncture res istance shall be 35 

cm-kg (30 inch-pounds) for interior locations and 9 2 cm-kg (80 inch-

pounds) for exterior or exposed locations or where the insulation is 

subject to damage. 

E.  Glass Cloth Jackets: Presized, minimum 0.18 kg per square meter (7.8 

ounces per square yard), 2000 kPa (300 psig) bursti ng strength with 

integral vapor retarder where required or specified . Weather proof if 

utilized for outside service. 

F.  Factory composite materials may be used provided th at they have been 

tested and certified by the manufacturer. 

G.  Pipe fitting insulation covering (jackets): Fitting  covering shall be 

premolded to match shape of fitting and shall be po lyvinyl chloride 

(PVC) conforming to Fed Spec L-P-335, composition A , Type II Grade GU, 

and Type III, minimum thickness 0.7 mm (0.03 inches ). Provide color 

matching vapor retarder pressure sensitive tape. 

H.  Aluminum Jacket-Piping systems: ASTM B209, 3003 all oy, H-14 temper, 0.6 

mm (0.023 inch) minimum thickness with locking long itudinal joints. 

Jackets for elbows, tees and other fittings shall b e factory-fabricated 

to match shape of fitting and of 0.6 mm (0.024) inc h minimum thickness 

aluminum.  Fittings shall be of same construction a s straight run 

jackets but need not be of the same alloy.  Factory -fabricated 

stainless steel bands shall be installed on all cir cumferential joints. 

Bands shall be 13 mm (0.5 inch) wide on 450 mm (18 inch) centers. 

System shall be weatherproof if utilized for outsid e service. 

I.  Aluminum jacket-Rectangular breeching: ASTM B209, 3 003 alloy, H-14 

temper, 0.5 mm (0.020 inches) thick with 32 mm (1-1 /4 inch) 
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corrugations or 0.8 mm (0.032 inches) thick with no  corrugations. 

System shall be weatherproof if used for outside se rvice.  

2.10  REMOVABLE INSULATION JACKETS 

A.  Insulation and Jacket: 

1.  Non-Asbestos Glass mat, type E needled fiber. 

2.  Temperature maximum of 450°F, Maximum water vapor t ransmission of 

0.00 perm, and maximum moisture absorption of 0.2 p ercent by volume. 

3.  Jacket Material: Silicon/fiberglass and LFP 2109 pu re PTFE. 

4.  Construction: One piece jacket body with three-ply braided pure 

Teflon or Kevlar thread and insulation sewn as part  of jacket. Belt 

fastened. 

2.11  PIPE COVERING PROTECTION SADDLES 

A.  Cold pipe support: Premolded pipe insulation 180 de grees (half-shells) 

on bottom half of pipe at supports. Material shall be cellular glass or 

high density Polyisocyanurate insulation of the sam e thickness as 

adjacent insulation. Density of Polyisocyanurate in sulation shall be a 

minimum of 48 kg/m 3 (3.0 pcf). 

Nominal Pipe Size and Accessories Material (Insert Blocks) 

Nominal Pipe Size mm (inches) Insert Blocks mm (inc hes) 

Up through 125 (5) 150 (6) long 

150 (6) 150 (6) long 

200 (8), 250 (10), 300 (12) 225 (9) long 

350 (14), 400 (16) 300 (12) long 

450 through 600 (18 through 24) 350 (14) long 

 

B.  Warm or hot pipe supports: Premolded pipe insulatio n (180 degree half-

shells) on bottom half of pipe at supports.  Materi al shall be high 

density Polyisocyanurate (for temperatures up to 14 9 degrees C [300 

degrees F]), cellular glass or calcium silicate.  I nsulation at 

supports shall have same thickness as adjacent insu lation.  Density of 

Polyisocyanurate insulation shall be a minimum of 4 8 kg/m 3 (3.0 pcf). 

C.  Not Used  

2.12  ADHESIVE, MASTIC, CEMENT 

A.  Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhe sive and protective 

finish coating for insulation.  
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B.  Mil. Spec. MIL-A-3316, Class 2: Adhesive for laps a nd for adhering 

insulation to metal surfaces.  

C.  Mil. Spec. MIL-A-24179, Type II Class 1: Adhesive f or installing 

flexible unicellular insulation and for laps and ge neral use.  

D.  Mil. Spec. MIL-C-19565, Type I: Protective finish f or outdoor use.  

E.  Mil. Spec. MIL-C-19565, Type I or Type II: Vapor ba rrier compound for 

indoor use.  

F.  ASTM C449: Mineral fiber hydraulic-setting thermal insulating and 

finishing cement.  

G.  Other: Insulation manufacturers' published recommen dations.  

2.13  MECHANICAL FASTENERS 

A.  Pins, anchors: Welded pins, or metal or nylon ancho rs with galvanized 

steel-coated or fiber washer, or clips. Pin diamete r shall be as 

recommended by the insulation manufacturer.  

B.  Staples: Outward clinching monel or galvanized stee l.  

C.  Wire: 1.3 mm thick (18 gage) soft annealed galvaniz ed or 1.9 mm (14 

gage) copper clad steel or nickel copper alloy.  

D.  Bands: 13 mm (0.5 inch) nominal width, brass, galva nized steel, 

aluminum or stainless steel. 

2.14  REINFORCEMENT AND FINISHES  

A.  Glass fabric, open weave: ASTM D1668, Type III (res in treated) and Type 

I (asphalt treated).  

B.  Glass fiber fitting tape: Mil. Spec MIL-C-20079, Ty pe II, Class 1. 

C.  Tape for Flexible Elastomeric Cellular Insulation: As recommended by 

the insulation manufacturer.  

D.  Hexagonal wire netting: 25 mm (one inch) mesh, 0.85  mm thick (22 gage) 

galvanized steel.  

E.  Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.5 5 mm thick (26 gage) 

galvanized steel; or, 25 mm (1 inch) by 25 mm (1 in ch), 0.47 mm thick 

(28 gage) aluminum angle adhered to 50 mm (2 inch) by 50 mm (2 inch) 

Kraft paper. 

F.  PVC fitting cover: Fed. Spec L-P-535, Composition A , 11-86 Type II, 

Grade GU, with Form B Mineral Fiber insert, for med ia temperature 4 

degrees C (40 degrees F) to 121 degrees C (250 degr ees F). Below 4 

degrees C (40 degrees F) and above 121 degrees C (2 50 degrees F). 

Provide double layer insert. Provide color matching  vapor barrier 

pressure sensitive tape. 



02-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 07 11 - 14 

2.15  FIRESTOPPING MATERIAL 

Other than pipe and duct insulation, refer to Secti on 07 84 00 

FIRESTOPPING. 

2.16  FLAME AND SMOKE 

Unless shown otherwise all assembled systems shall meet flame spread 25 

and smoke developed 50 rating as developed under AS TM, NFPA and UL 

standards and specifications. See paragraph 1.3 "Qu ality Assurance". 

PART 3 -  EXECUTION 

3.1  GENERAL REQUIREMENTS  

A.  Required pressure tests of duct and piping joints a nd connections shall 

be completed and the work approved by the COR for a pplication of 

insulation. Surface shall be clean and dry with all  foreign materials, 

such as dirt, oil, loose scale and rust removed.  

B.  Except for specific exceptions, insulate entire spe cified equipment, 

piping (pipe, fittings, valves, accessories), and d uct systems. 

Insulate each pipe and duct individually. Do not us e scrap pieces of 

insulation where a full length section will fit.  

C.  Where removal of insulation of piping, ductwork and  equipment is 

required to comply with Section 02 82 11, TRADITION AL ASBESTOS 

ABATEMENT and Section 02 82 13.13, GLOVEBAG ASBESTO S ABATEMENT, such 

areas shall be reinsulated to comply with this spec ification. 

D.  Insulation materials shall be installed in a first class manner with 

smooth and even surfaces, with jackets and facings drawn tight and 

smoothly cemented down at all laps. Insulation shal l be continuous 

through all sleeves and openings, except at fire da mpers and duct 

heaters (NFPA 90A). Vapor retarders shall be contin uous and 

uninterrupted throughout systems with operating tem perature 16 degrees 

C (60 degrees F) and below.  Lap and seal vapor ret arder over ends and 

exposed edges of insulation. Anchors, supports and other metal 

projections through insulation on cold surfaces sha ll be insulated and 

vapor sealed for a minimum length of 150 mm (6 inch es).  

E.  Install vapor stops at all insulation terminations on either side of 

valves, pumps and equipment and particularly in str aight lengths of 

pipe insulation. 

F.  Construct insulation on parts of equipment such as chilled water pumps 

and heads of chillers, convertors and heat exchange rs that must be 

opened periodically for maintenance or repair, so i nsulation can be 
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removed and replaced without damage. Install insula tion with bolted 1 

mm thick (20 gage) galvanized steel or aluminum cov ers as complete 

units, or in sections, with all necessary supports,  and split to 

coincide with flange/split of the equipment. 

G.  Insulation on hot piping and equipment shall be ter minated square at 

items not to be insulated, access openings and name plates. Cover all 

exposed raw insulation with white sealer or jacket material.  

H.  Protect all insulations outside of buildings with a luminum jacket using 

lock joint or other approved system for a continuou s weather tight 

system.  Access doors and other items requiring mai ntenance or access 

shall be removable and sealable. 

I.  Insulate PRVs, flow meters, and steam traps. 

J.  HVAC work not to be insulated:  

1.  Internally insulated ductwork and air handling unit s.  

2.  Relief air ducts (Economizer cycle exhaust air).  

3.  Exhaust air ducts and plenums, and ventilation exha ust air shafts.  

4.  Equipment: Expansion tanks, flash tanks, hot water pumps.  

5.  In hot piping: Unions, flexible connectors, control  valves, PRVs, 

safety valves and discharge vent piping, vacuum bre akers, 

thermostatic vent valves, steam traps 20 mm (3/4 in ch) and smaller, 

exposed piping through floor for convectors and rad iators. Insulate 

piping to within approximately 75 mm (3 inches) of uninsulated 

items.  

K.  Not Used  

L.  Apply insulation materials subject to the manufactu rer's recommended 

temperature limits. Apply adhesives, mastic and coa tings at the 

manufacturer's recommended minimum coverage. 

M.  Elbows, flanges and other fittings shall be insulat ed with the same 

material as is used on the pipe straights.  The elb ow/ fitting 

insulation shall be field-fabricated, mitered or fa ctory prefabricated 

to the necessary size and shape to fit on the elbow / fitting. Use of 

polyurethane spray-foam to fill a PVC elbow jacket is prohibited on 

cold applications. 

N.  Firestop Pipe and Duct insulation: 

1.  Provide firestopping insulation at fire and smoke b arriers through 

penetrations. Fire stopping insulation shall be UL listed as defines 

in Section 07 84 00, FIRESTOPPING. 
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2.  Pipe and duct penetrations requiring fire stop insu lation including, 

but not limited to the following: 

a.  Pipe risers through floors 

b.  Pipe or duct chase walls and floors 

c.  Smoke partitions 

d.  Fire partitions 

O.  Freeze protection of above grade outdoor piping (ov er heat tracing 

tape): 26 mm (10 inch) thick insulation, for all pi pe sizes 75 mm(3 

inches) and smaller and 25 mm(1inch) thick insulati on for larger pipes. 

Provide metal jackets for all pipes. Provide for co ld water make-up to 

cooling towers and condenser water piping and chill ed water piping as 

described in Section 23 21 13, HYDRONIC PIPING (ele ctrical heat tracing 

systems). 

P.  Provide vapor barrier jackets over insulation as fo llows: 

1.  All piping and ductwork exposed to outdoor weather.  

2.  All interior piping and ducts conveying fluids expo sed to outdoor 

air (i.e. in attics, ventilated (not air conditione d) spaces, etc.), 

below ambient air temperature and in high humidity areas. 

Q.  Provide metal jackets over insulation as follows: 

1.  All piping and ducts exposed to outdoor weather. 

2.  Not Used 

3.  A 50 mm (2 inch) overlap is required at longitudina l and 

circumferential joints. 

3.2  INSULATION INSTALLATION 

A.  Mineral Fiber Board:  

1.  Faced board: Apply board on pins spaced not more th an 300 mm (12 

inches) on center each way, and not less than 75 mm  (3 inches) from 

each edge of board. In addition to pins, apply insu lation bonding 

adhesive to entire underside of horizontal metal su rfaces. Butt 

insulation edges tightly and seal all joints with l aps and butt 

strips. After applying speed clips cut pins off flu sh and apply 

vapor seal patches over clips. 

2.  Plain board:  

a.  Insulation shall be scored, beveled or mitered to p rovide tight 

joints and be secured to equipment with bands space d 225 mm (9 

inches) on center for irregular surfaces or with pi ns and clips 
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on flat surfaces. Use corner beads to protect edges  of 

insulation.  

b.  For hot equipment: Stretch 25 mm (1 inch) mesh wire , with edges 

wire laced together, over insulation and finish wit h insulating 

and finishing cement applied in one coat, 6 mm (1/4  inch) thick, 

trowel led to a smooth finish.  

c.  For cold equipment: Apply meshed glass fabric in a tack coat 1.5 

to 1.7 square meter per liter (60 to 70 square feet  per gallon) 

of vapor mastic and finish with mastic at 0.3 to 0. 4 square meter 

per liter (12 to 15 square feet per gallon) over th e entire 

fabric surface. 

d.  Chilled water pumps: Insulate with removable and re placeable 1 mm 

thick (20 gage) aluminum or galvanized steel covers  lined with 

insulation. Seal closure joints/flanges of covers w ith gasket 

material. Fill void space in enclosure with flexibl e mineral 

fiber insulation.  

3.  Exposed, unlined ductwork and equipment in unfinish ed areas, 

mechanical and electrical equipment rooms and attic s, interstitial 

spaces and duct work exposed to outdoor weather: 

a.  50 mm (2 inch) thick insulation faced with ASJ (whi te all service 

jacket): Supply air duct unlined air handling units  and after 

filter housing. 

b.  50 mm (2 inch) thick insulation faced with ASJ: Ret urn air duct, 

mixed air plenums and prefilter housing. 

c.  Not Used  

d.  Exposed, unlined supply and return ductwork exposed  to outdoor 

weather: 50 mm (2 inch) thick insulation faced with  a reinforcing 

membrane and two coats of vapor barrier mastic or m ulti-layer 

vapor barrier with a maximum water vapor permeabili ty of 0.001 

perms. 

4.  Not Used 

5.  Cold equipment: 40 mm (1-1/2inch) thick insulation faced with ASJ. 

a.  Chilled water pumps, water filter, chemical feeder pot or storage 

tank. 

b.  Not Used 

6.  Hot equipment: 40 mm (1-1/2 inch) thick insulation faced with ASJ. 

a.  Convertors, air separators, steam condensate pump r eceivers. 
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b.  Not Used  

c.  Not Used  

d.  Not Used  

7.  Not Used  

B.  Flexible Mineral Fiber Blanket:  

1.  Adhere insulation to metal with 75 mm (3 inch) wide  strips of 

insulation bonding adhesive at 200 mm (8 inches) on  center all 

around duct. Additionally, secure insulation to bot tom of ducts 

exceeding 600 mm (24 inches) in width with pins wel ded or adhered on 

450 mm (18 inch) centers. Secure washers on pins. B utt insulation 

edges and seal joints with laps and butt strips. St aples may be used 

to assist in securing insulation. Seal all vapor re tarder 

penetrations with mastic. Sagging duct insulation w ill not be 

acceptable. Install firestop duct insulation where required. 

2.  Supply air ductwork to be insulated includes main a nd branch ducts 

from AHU discharge to room supply outlets, and the bodies of ceiling 

outlets to prevent condensation. Insulate sound att enuator units, 

coil casings and damper frames. To prevent condensa tion insulate 

trapeze type supports and angle iron hangers for fl at oval ducts 

that are in direct contact with metal duct.  

3.  Concealed supply air ductwork. 

a.  Above ceilings at a roof level, in attics, and duct  work exposed 

to outdoor weather: 50 mm (2 inch) thick insulation  faced with 

FSK. 

b.  Above ceilings for other than roof level: 40 mm (1 ½ inch) thick 

insulation faced with FSK. 

4.  Concealed return air duct:  

a.  In attics (where not subject to damage) and where e xposed to 

outdoor weather: 50mmm (2 inch)thick insulation fac ed with FSK.  

b.  Above ceilings at a roof level, unconditioned areas , and in 

chases with external wall or containing steam pipin g; 40 mm (1-

1/2 inch) thick, insulation faced with FSK.  

c.  In interstitial spaces (where not subject to damage ): 40 mm (1-

1/2 inch thick insulation faced with FSK.  

d.  Concealed return air ductwork in other locations ne ed not be 

insulated. 

5.  Not Used  
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6.  Not Used  

C.  Molded Mineral Fiber Pipe and Tubing Covering:  

1.  Fit insulation to pipe or duct, aligning longitudin al joints. Seal 

longitudinal joint laps and circumferential butt st rips by rubbing 

hard with a nylon sealing tool to assure a positive  seal. Staples 

may be used to assist in securing insulation. Seal all vapor 

retarder penetrations on cold piping with a generou s application of 

vapor barrier mastic. Provide inserts and install w ith metal 

insulation shields at outside pipe supports. Instal l freeze 

protection insulation over heating cable. 

2.  Contractor's options for fitting, flange and valve insulation:  

a.  Insulating and finishing cement for sizes less than  100 mm (4 

inches) operating at surface temperature of 16 degr ees C (61 

degrees F) or more.  

b.  Factory premolded, one piece PVC covers with minera l fiber, (Form 

B), inserts. Provide two insert layers for pipe tem peratures 

below 4 degrees C (40 degrees F), or above 121 degr ees C (250 

degrees F). Secure first layer of insulation with t wine. Seal 

seam edges with vapor barrier mastic and secure wit h fitting 

tape.  

c.  Factory molded, ASTM C547 or field mitered sections , joined with 

adhesive or wired in place. For hot piping finish w ith a 

smoothing coat of finishing cement. For cold fittin gs, 16 degrees 

C (60 degrees F) or less, vapor seal with a layer o f glass 

fitting tape imbedded between two 2 mm (1/16 inch) coats of vapor 

barrier mastic.  

d.  Fitting tape shall extend over the adjacent pipe in sulation and 

overlap on itself at least 50 mm (2 inches). 

3.  Nominal thickness in millimeters and inches specifi ed in the 

schedule at the end of this section. 

D.  Rigid Cellular Phenolic Foam: 

1.  Rigid closed cell phenolic insulation may be provid ed for piping, 

ductwork and equipment for temperatures up to 121 d egrees C (250 

degrees F). 

2.  Note the NFPA 90A burning characteristics requireme nts of 25/50 in 

paragraph 1.3.B 

3.  Provide secure attachment facilities such as weldin g pins. 
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4.  Apply insulation with joints tightly drawn together   

5.  Apply adhesives, coverings, neatly finished at fitt ings, and valves. 

6.  Final installation shall be smooth, tight, neatly f inished at all 

edges . 

7.  Minimum thickness in millimeters (inches) specified  in the schedule 

at the end of this section. 

8.  Not Used 

9.  Condensation control insulation: Minimum 25 mm (1.0  inch) thick for 

all pipe sizes. 

a.  HVAC: Cooling coil condensation piping to waste pip ing fixture or 

drain inlet. Omit insulation on plastic piping in m echanical 

rooms. 

E.  Cellular Glass Insulation:  

1.  Pipe and tubing, covering nominal thickness in mill imeters and 

inches as specified in the schedule at the end of t his section. 

2.  Not Used  

3.  Cold equipment: 50 mm (2 inch) thick insulation fac ed with ASJ for 

chilled water pumps, water filters, chemical feeder  pots or tanks, 

expansion tanks, air separators and air purgers. 

4.  Not Used  

F.  Polyisocyanurate Closed-Cell Rigid Insulation: 

1.  Polyisocyanurate closed-cell rigid insulation (PIR)  may be provided 

for exterior piping, equipment and ductwork for tem perature up to 

149 degree C (300 degree F). 

2.  Install insulation, vapor barrier and jacketing per  manufacturer’s 

recommendations. Particular attention should be pai d to 

recommendations for joint staggering, adhesive appl ication, external 

hanger design, expansion/contraction joint design a nd spacing and 

vapor barrier integrity. 

3.  Install insulation with all joints tightly butted ( except expansion) 

joints in hot applications). 

4.  If insulation thickness exceeds 63 mm (2.5 inches),  install as a 

double layer system with longitudinal (lap) and but t joint 

staggering as recommended by manufacturer. 

5.  For cold applications, vapor barrier shall be insta lled in a 

continuous manner. No staples, rivets, screws or an y other 

attachment device capable of penetrating the vapor barrier shall be 
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used to attach the vapor barrier or jacketing. No w ire ties capable 

of penetrating the vapor barrier shall be used to h old the 

insulation in place. Banding shall be used to attac h PVC or metal 

jacketing.  

6.  Elbows, flanges and other fittings shall be insulat ed with the same 

material as is used on the pipe straights. The elbo w/ fitting 

insulation shall be field-fabricated, mitered or fa ctory 

prefabricated to the necessary size and shape to fi t on the elbow/ 

fitting. Use of polyurethane spray-foam to fill PVC  elbow jacket is 

prohibited on cold applications. 

7.  For cold applications, the vapor barrier on elbows/ fittings shall be 

either mastic-fabric-mastic or 2 mil thick PVDC vap or barrier 

adhesive tape. 

8.  All PVC and metal jacketing shall be installed so a s to naturally 

shed water. Joints shall point down and shall be se aled with either 

adhesive or caulking (except for periodic slip join ts). 

9.  Not Used  

10.  Not Used  

11.  Note the NFPA 90A burning characteristic requiremen ts of 25/50 in 

paragraph 1.3B. Refer to paragraph 3.1 for items no t to be 

insulated. 

12.  Minimum thickness in millimeter (inches) specified in the schedule 

at the end of this section. 

G.  Flexible Elastomeric Cellular Thermal Insulation:  

1.  Apply insulation and fabricate fittings in accordan ce with the 

manufacturer's installation instructions and finish  with two coats 

of weather resistant finish as recommended by the i nsulation 

manufacturer.  

2.  Pipe and tubing insulation:  

a.  Use proper size material. Do not stretch or strain insulation. 

b.  To avoid undue compression of insulation, provide c ork stoppers 

or wood inserts at supports as recommended by the i nsulation 

manufacturer. Insulation shields are specified unde r Section 

23 05 11, COMMON WORK RESULTS FOR HVAC. 

c.  Where possible, slip insulation over the pipe or tu bing prior to 

connection, and seal the butt joints with adhesive.  Where the 

slip-on technique is not possible, slit the insulat ion and apply 
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it to the pipe sealing the seam and joints with con tact adhesive. 

Optional tape sealing, as recommended by the manufa cturer, may be 

employed. Make changes from mineral fiber insulatio n in a 

straight run of pipe, not at a fitting. Seal joint with tape.  

3.  Apply sheet insulation to flat or large curved surf aces with 100 

percent adhesive coverage. For fittings and large p ipe, apply 

adhesive to seams only.  

4.  Pipe insulation: nominal thickness in millimeters ( inches as 

specified in the schedule at the end of this sectio n. 

5.  Not Used 

6.  Use Class S (Sheet), 20 mm (3/4 inch) thick for the  following:  

a.  Chilled water pumps  

b.  Not Used  

c.  Chillers, insulate any cold chiller surfaces subjec t to 

condensation which has not been factory insulated. 

d.  Not Used  

7.  Not Used  

H.  Not Used  

I.  Calcium Silicate: 

1.  Minimum thickness in millimeter (inches) specified in the schedule 

at the end of this section for piping other than in  boiler plant. 

See paragraphs 3.3 through 3.7 for Boiler Plant App lications. 

2.  Not Used  

3.  Not Used  

4.  Not Used  

5.  Not Used  

3.3  APPLICATION –BOILER PLANT, PIPE, VALVES, STRAINERS AND FITTINGS: 

A.  Temperature range 120 to 230 degrees C (251 to 450 degrees F); 

1.  Application; Steam service 110 kpa (16 psig nominal ) and higher, 

high pressure condensate to trap assembly, boiler b ottom blowoff 

from boiler to blowoff valve closest to boiler. 

2.  Insulation and Jacket: 

a.  Calcium silicate for piping from zero to 1800 mm (6  feet) above 

boiler room floor, feedwater heater mezzanine floor  or access 

platform and any floors or platforms on which tanks  or pumps are 

located. 

b.  Mineral fiber for remaining locations. 
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c.  ASJ with PVC premolded fitting coverings. 

d.  Aluminum jacket from zero to 1800 mm (6 feet) above  floor on 

atomizing steam and condensate lines at boilers and  burners. 

3.  Thickness: 

Nominal Thickness Of Calcium Silicate Insulation 

(Boiler Plant)  

Pipe Diameter mm 

(in) 

Insulation Thickness mm 

(in) 

25 (1 and below) 125 (5) 

25 to 38 (1-1/4 to 1-

1/2) 

125 (5) 

38 (1-1/2) and above 150 (6) 

 

B.  Temperature range 100 to 121 degrees C (211 to 250 degrees F): 

1.  Application: Steam service 103 kpa (15 psig) and be low, trap 

assembly discharge piping, boiler feedwater from fe edwater heater to 

boiler feed pump recirculation, feedwater heater ov erflow, heated 

oil from oil heater to burners. 

2.  Insulation and Jacket: 

a.  Calcium silicate for piping from zero to 1800 mm (0  to 6 feet) 

above boiler room floor, feedwater heater mezzanine  floor and 

access platform, and any floors or access platforms  on which 

tanks or pumps are located. 

b.  Mineral Fiber or rigid closed cell phenolic foam fo r remaining 

locations. 

c.  ASJ with PVC premolded fitting coverings. 

d.  Aluminum jacket from zero to 1800 mm (6 feet) above  floor on 

condensate lines at boilers and burners. 

3.  Thickness-calcium silicate and mineral fiber insula tion: 
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Nominal Thickness Of Insulation  

Pipe Diameter mm (in) Insulation Thickness mm (in) 

25 (1 and below) 50 (2) 

25 to 38 (1-1/4 to 1-

1/2) 

50 (2) 

38 (1-1/2) and above 75 (3) 

 

4.  Thickness-rigid closed-cell phenolic foam insulatio n: 

Nominal Thickness Of Insulation  

Pipe Diameter mm (in) Insulation Thickness mm (in) 

25 (1 and below) 38 (1.5) 

25 to 38 (1-1/4 to 1-

1/2) 

38 (1.5) 

38 (1-1/2) and above 75(3) 

 

C.  Temperature range 32 to 99 degrees C (90 to 211 deg rees F): 

1.  Application: Pumped condensate, vacuum heating retu rn, gravity and 

pumped heating returns, condensate transfer, conden sate transfer 

pump recirculation, heated oil system to heaters an d returns from 

burners, condensate return from convertors and heat ed water storage 

tanks. 

2.  Insulation Jacket: 

a.  Calcium silicate for piping from zero to 1800 mm (s ix feet above 

boiler room floor, feedwater heater mezzanine floor  and access 

platform and any floor or access platform on which tanks or pumps 

are located. 

b.  Mineral fiber or rigid closed-cell phenolic foam fo r remaining 

locations. 

c.  ASJ with PVC premolded fitting coverings. 

3.  Thickness-calcium silicate and mineral fiber insula tion: 
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Nominal Thickness Of Insulation 

Pipe Diameter mm (in) Insulation Thickness mm (in) 

25 (1 and below) 38 (1.5) 

25 to 38 (1-1/4 to 1-1/2) 50(2) 

38 (1-1/2) and above 75 (3) 

 

4.  Thickness-rigid closed-cell phenolic foam insulatio n: 

Nominal Thickness Of Insulation 

Pipe Diameter mm (in) Insulation Thickness mm (in) 

25 (1 and below) 19 (0.75) 

25 to 38 (1-1/4 to 1-1/2) 19 (0.75) 

38 (1-1/2) and above 25 (1) 

D.  Protective insulation to prevent personnel injury: 

1.  Application: Piping from zero to 1800 mm (6 feet) a bove all floors 

and access platforms including continuous blowoff, feedwater and 

boiler water sample, blowoff tank vent, flash tank vents and 

condensater tank vent, shot-type chemical feed, fir e tube boiler 

bottom blowoff after valves, valve by-passes. 

2.  Insulation thickness: 25 mm (1 inch). 

3.  Insulation and jacket: Calcium silicate with ASJ ex cept provide 

aluminum jacket on piping at boilers within 1800 mm  (6 feet) of 

floor. Use PVC premolded fitting coverings when all  service jacket 

is utilized. 

E.  Installation: 

1.  At pipe supports, weld pipe covering protection sad dles to pipe, 

except where MS-SP58, type 3 pipe clamps are utiliz ed. 

2.  Insulation shall be firmly applied, joints butted t ightly, 

mechanically fastened by stainless steel wires on 3 00 mm (12 inch) 

centers. 

3.  At support points, fill and thoroughly pack space b etween pipe 

covering protective saddle bearing area. 

4.  Terminate insulation and jacket hard and tight at a nchor points. 

5.  Terminate insulation at piping facilities not insul ated with a 45 

degree chamfered section of insulating and finishin g cement covered 

with jacket. 
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6.  On calcium silicate, mineral fiber and rigid closed -cell phenolic 

foam systems, insulated flanged fittings, strainers  and valves with 

sections of pipe insulation cut, fitted and arrange d neatly and 

firmly wired in place. Fill all cracks, voids and c oat outer surface 

with insulating cement. Install jacket. Provide sim ilar construction 

on welded and threaded fittings on calcium silicate  systems or use 

premolded fitting insulation. 

7.  On mineral fiber systems, insulate welded and threa ded fittings more 

than 50 mm (2 inches) in diameter with compressed b lanket insulation 

(minimum 2/1) and finish with jacket or PVC cover. 

8.  Insulate fittings 50 mm (2 inches) and smaller with  mastic finishing 

material and cover with jacket. 

9.  Insulate valve bonnet up to valve side of bonnet fl ange to permit 

bonnet flange removal without disturbing insulation . 

10.  Install jacket smooth, tight and neatly finish all edges. Over wrap 

ASJ butt strips by 50 percent. Secure aluminum jack et with stainless 

steel bands 300 mm (12 inches) on center or aluminu m screws on 200 

mm (4 inch) centers. 

11.  Do not insulate basket removal flanges on strainers . 

3.4  APPLICATION-BOILER FLUE GAS SYSTEMS – NOT USED 

3.5  APPLICATION-BOILER DEAERATING FEEDWATER HEATER, TANKS – NOT USED 

3.6  APPLICATION ON HEATED OR TRACED OIL FACILITIES OUTS IDE OF BUILDING – NOT 
USED 

3.7  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system.  Refer to sectio n 23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

3.8  PIPE INSULATION SCHEDULE 

Provide insulation for piping systems as scheduled below:  

 

Insulation Thickness Millimeters (Inches) 

 Nominal Pipe Size Millimeters (Inches) 
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Operating 
Temperature 
Range/Service 

Insulation 
Material 

Less 
than  

25 (1) 

25 – 32 
(1 – 1¼) 

38 – 75  

(1½ - 3)  

100 (4) 
and Above 

      

122-177 degrees C 
(251-350 degrees F)  

(HPS, MPS) 

Mineral Fiber 
(Above ground 
piping only) 

75 (3) 100 (4) 113 (4.5) 113 (4.5) 

 

      

93-260 degrees C 
(200-500 degrees F)  

(HPS, HPR) 

Calcium 
Silicate 

100 (4) 125 (5) 150 (6) 150 (6) 

      

100-121 degrees C 
(212-250 degrees F)  

(HPR, MPR, LPS, vent 
piping from PRV 
Safety Valves, 
Condensate receivers 
and flash tanks) 

Mineral Fiber 
(Above ground 
piping only) 

62 
(2.5) 

62 (2.5) 75 (3.0) 75 (3.0) 

100-121 degrees C 
(212-250 degrees F)  

(HPR, MPR, LPS, vent 
piping from PRV 
Safety Valves, 
Condensate receivers 
and flash tanks) 

Rigid Cellular 
Phenolic Foam 

50 
(2.0) 

50 (2.0) 75 (3.0) 75 (3.0) 

      

38-94 degrees C 
(100-200 degrees F)  

(LPR, PC, HWH, HW HR,  
GH and  GHR) 

Mineral Fiber 
(Above ground 
piping only) 

38 
(1.5) 

38 (1.5) 50 (2.0) 50 (2.0) 

38-99 degrees C 

(100-211 degrees F)  

(LPR, PC, HWH, HWHR,  
GH and GHR) 

Rigid Cellular 
Phenolic Foam 

38 
(1.5) 

38 (1.5) 50 (2.0) 50 (2.0) 

39-99 degrees C 
(100-211 degrees F)  

(LPR, PC, HWH, HWHR,  
GH and GHR)  

 

Polyiso-
cyanurate 
Closed-Cell 
Rigid 
(Exterior 
Locations 
only) 

38 
(1.5) 

38 (1.5)   ----   ---- 

38-94 degrees C Flexible 38 38 (1.5)   ----   ---- 
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(100-200 degrees F)  

(LPR, PC, HWH, HWHR,  
GH and GHR) 

Elastomeric 
Cellular 
Thermal (Above 
ground piping 
only) 

(1.5) 

      

4-16 degrees C 

(40-60 degrees F)  

(CH, CHR, GC, GCR 
and RS for DX 
refrigeration) 

Rigid Cellular 
Phenolic Foam 

38 
(1.5) 

38 (1.5) 38 (1.5) 38 (1.5) 

4-16 degrees C 

(40-60 degrees F)  

(CH and CHR within 
chiller room and 
pipe chase and 
underground) 

Cellular  
Glass  Closed-
Cell 

50 
(2.0) 

50 (2.0) 75 (3.0) 75 (3.0) 

4-16 degrees C 

(40-60 degrees F)  

(CH, CHR, GC, GCR 
and RS for DX 
refrigeration) 

Cellular  
Glass  Closed-
Cell 

38 
(1.5) 

38 (1.5) 38 (1.5) 38 (1.5) 

4-16 degrees C 

(40-60 degrees F)  

(CH, CHR, GC and GCR 
(where underground) 

Polyiso-
cyanurate 
Closed-Cell 
Rigid  

38 
(1.5) 

38 (1.5) 50 (2.0) 50 (2.0) 

4-16 degrees C 

(40-60 degrees F)  

(CH, CHR, GC, GCR 
and RS for DX 
refrigeration) 

Polyiso-
cyanurate 
Closed-Cell 
Rigid 
(Exterior 
Locations 
only) 

 

38 
(1.5) 

38 (1.5) 38 (1.5) 38 (1.5) 

(40-60 degrees F)  

(CH, CHR, GC, GCR 
and RS for DX 
refrigeration) 

Flexible 
Elastomeric 
Cellular 
Thermal (Above 
ground piping 
only) 

38 
(1.5) 

38 (1.5) 38 (1.5) 38 (1.5) 

 

- - - E N D - - - 
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SECTION 23 08 00 

COMMISSIONING OF HVAC SYSTEMS 

 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. The requirements of this Section apply to all se ctions of Division 23.  

B. This project will have selected building systems  commissioned.  The 

complete list of equipment and systems to be commis sioned is specified 

in Section 01 91 00 GENERAL COMMISSIONING REQUIREME NTS.  The 

commissioning process, which the Contractor is resp onsible to execute, 

is defined in Section 01 91 00 GENERAL COMMISSIONIN G REQUIRMENTS.  A 

Commissioning Agent (CxA) appointed by the VA will manage the 

commissioning process. 

1.2 RELATED WORK 

A.  Section 01 00 00 GENERAL REQUIREMENTS. 

B.  Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS . 

C.  Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, AND S AMPLES. 

1.3 SUMMARY 

A. This Section includes requirements for commissio ning the Facility 

exterior closure, related subsystems and related eq uipment.  This 

Section supplements the general requirements specif ied in Section 01 91 

00 General Commissioning Requirements. 

B. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for more 

details regarding processes and procedures as well as roles and 

responsibilities for all Commissioning Team members . 

1.4 DEFINITIONS 

A. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for 

definitions.   

1.5 COMMISSIONED SYSTEMS 

A. Commissioning of a system or systems specified i n Division 23 is part 

of the construction process. Documentation and test ing of these 

systems, as well as training of the VA’s Operation and Maintenance 

personnel in accordance with the requirements of Se ction 01 91 00 and 

of Division 23, is required in cooperation with the  VA and the 

Commissioning Agent.   
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B. The Facility exterior closure systems commission ing will include the 

systems listed in Section 01 91 00 General Commissi oning Requirements: 

1.6 SUBMITTALS 

A. The commissioning process requires review of sel ected Submittals that 

pertain to the systems to be commissioned.  The Com missioning Agent 

will provide a list of submittals that will be revi ewed by the 

Commissioning Agent.  This list will be reviewed an d approved by the VA 

prior to forwarding to the Contractor.  Refer to Se ction 01 33 23 SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES for further det ails.   

B. The commissioning process requires Submittal rev iew simultaneously with 

engineering review. Specific submittal requirements  related to the 

commissioning process are specified in Section 01 9 1 00 GENERAL 

COMMISSIONING REQUIREMENTS. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 CONSTRUCTION INSPECTIONS 

A. Commissioning of HVAC systems will require inspe ction of individual 

elements of the HVAC systems construction throughou t the construction 

period.  The Contractor shall coordinate with the C ommissioning Agent 

in accordance with Section 01 91 00 and the Commiss ioning plan to 

schedule HVAC systems inspections as required to su pport the 

Commissioning Process. 

3.2 PRE-FUNCTIONAL CHECKLISTS 

A. The Contractor shall complete Pre-Functional Che cklists to verify 

systems, subsystems, and equipment installation is complete and systems 

are ready for Systems Functional Performance Testin g.  The 

Commissioning Agent will prepare Pre-Functional Che cklists to be used 

to document equipment installation.  The Contractor  shall complete the 

checklists.  Completed checklists shall be submitte d to the VA and to 

the Commissioning Agent for review.  The Commission ing Agent may spot 

check a sample of completed checklists.  If the Com missioning Agent 

determines that the information provided on the che cklist is not 

accurate, the Commissioning Agent will return the m arked-up checklist 

to the Contractor for correction and resubmission.  If the 

Commissioning Agent determines that a significant n umber of completed 

checklists for similar equipment are not accurate, the Commissioning 

Agent will select a broader sample of checklists fo r review.  If the 
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Commissioning Agent determines that a significant n umber of the broader 

sample of checklists is also inaccurate, all the ch ecklists for the 

type of equipment will be returned to the Contracto r for correction and 

resubmission.  Refer to SECTION 01 91 00 GENERAL CO MMISSIONING 

REQUIREMENTS for submittal requirements for Pre-Fun ctional Checklists, 

Equipment Startup Reports, and other commissioning documents. 

3.3 CONTRACTORS TESTS 

A. Contractor tests as required by other sections o f Division 23 shall be 

scheduled and documented in accordance with Section  01 00 00 GENERAL 

REQUIREMENTS.  All testing shall be incorporated in to the project 

schedule.  Contractor shall provide no less than 7 calendar days’ 

notice of testing.  The Commissioning Agent will wi tness selected 

Contractor tests at the sole discretion of the Comm issioning Agent.  

Contractor tests shall be completed prior to schedu ling Systems 

Functional Performance Testing.   

3.4 SYSTEMS FUNCTIONAL PERFORMANCE TESTING:   

A. The Commissioning Process includes Systems Funct ional Performance 

Testing that is intended to test systems functional  performance under 

steady state conditions, to test system reaction to  changes in 

operating conditions, and system performance under emergency 

conditions.  The Commissioning Agent will prepare d etailed Systems 

Functional Performance Test procedures for review a nd approval by the 

COR.  The Contractor shall review and comment on th e tests prior to 

approval.  The Contractor shall provide the require d labor, materials, 

and test equipment identified in the test procedure  to perform the 

tests.  The Commissioning Agent will witness and do cument the testing.  

The Contractor shall sign the test reports to verif y tests were 

performed.  See Section 01 91 00 GENERAL COMMISSION ING REQUIREMENTS, 

for additional details. 

3.5 TRAINING OF VA PERSONNEL 

A. Training of the VA operation and maintenance per sonnel is required in 

cooperation with the COR and Commissioning Agent.  Provide competent, 

factory authorized personnel to provide instruction  to operation and 

maintenance personnel concerning the location, oper ation, and 

troubleshooting of the installed systems.  Contract or shall submit 

training agendas and trainer resumes in accordance with the 

requirements of Section 01 91 00.  The instruction shall be scheduled 
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in coordination with the VA COR after submission an d approval of formal 

training plans.   Refer to Section 01 91 00 GENERAL  COMMISSIONING 

REQUIREMENTS and Division 23 Sections for additiona l Contractor 

training requirements. 

----- END ----- 
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SECTION 23 09 23 
DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Provide (a) direct-digital control system(s) as ind icated on the 

project documents, point list, interoperability tab les, drawings and as 

described in these specifications. Include a comple te and working 

direct-digital control system.  Include all enginee ring, programming, 

controls and installation materials, installation l abor, commissioning 

and start-up, training, final project documentation  and warranty. 

1.  The direct-digital control system(s) shall consist of high-speed, 

peer-to-peer network of DDC controllers, a control system server, 

and an Engineering Control Center.    Provide a rem ote user using a 

standard web browser to access the control system g raphics and 

change adjustable setpoints with the proper passwor d. 

2.  The direct-digital control system(s) shall be nativ e BACnet.  All 

new workstations, controllers, devices and componen ts shall be 

listed by BACnet Testing Laboratories.  All new wor kstations, 

controller, devices and components shall be accessi ble using a Web 

browser interface and shall communicate exclusively  using the ASHRAE 

Standard 135 BACnet communications protocol without  the use of 

gateways, unless otherwise allowed by this Section of the technical 

specifications, specifically shown on the design dr awings and 

specifically requested otherwise by the VA. 

a.  If used, gateways shall support the ASHRAE Standard  135 BACnet 

communications protocol. 

b.  If used, gateways shall provide all object properti es and 

read/write services shown on VA-approved interopera bility 

schedules. 

3.  The work administered by this Section of the techni cal 

specifications shall include all labor, materials, special tools, 

equipment, enclosures, power supplies, software, so ftware licenses, 

Project specific software configurations and databa se entries, 

interfaces, wiring, tubing, installation, labeling,  engineering, 

calibration, documentation, submittals, testing, ve rification, 

training services, permits and licenses, transporta tion, shipping, 

handling, administration, supervision, management, insurance, 
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Warranty, specified services and items required for  complete and 

fully functional Controls Systems. 

4.  The control systems shall be designed such that eac h mechanical 

system shall operate under stand-alone mode. The co ntractor 

administered by this Section of the technical speci fications shall 

provide controllers for each mechanical system. In the event of a 

network communication failure, or the loss of any o ther controller, 

the control system shall continue to operate indepe ndently. Failure 

of the ECC shall have no effect on the field contro llers, including 

those involved with global strategies. 

5.  The control system shall accommodate 1 Engineering Control Center(s) 

and the control system shall accommodate 20 web-bas ed Users 

simultaneously, and the access to the system should  be limited only 

by operator password. 

B.  Some products are furnished but not installed by th e contractor 

administered by this Section of the technical speci fications. The 

contractor administered by this Section of the tech nical specifications 

shall formally coordinate in writing and receive fr om other contractors 

formal acknowledgements in writing prior to submiss ion the installation 

of the products.  These products include the follow ing: 

1.  Control valves. 

2.  Flow switches. 

3.  Flow meters. 

4.  Sensor wells and sockets in piping. 

5.  Terminal unit controllers. 

C.  Some products are installed but not furnished by th e contractor 

administered by this Section of the technical speci fications. The 

contractor administered by this Section of the tech nical specifications 

shall formally coordinate in writing and receive fr om other contractors 

formal acknowledgements in writing prior to submiss ion the procurement 

of the products.  These products include the follow ing: 

1.  Not Used 

2.  Factory-furnished accessory thermostats and sensors  furnished with 

unitary equipment. 

D.  Some products are not provided by, but are neverthe less integrated with 

the work executed by, the contractor administered b y this Section of 

the technical specifications. The contractor admini stered by this 



09-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 09 23 - 3 

Section of the technical specifications shall forma lly coordinate in 

writing and receive from other contractors formal a cknowledgements in 

writing prior to submission the particulars of the products.  These 

products include the following: 

1.  Fire alarm systems.  If zoned fire alarm is require d by the project-

specific requirements, this interface shall require  multiple relays, 

which are provided and installed by the fire alarm system 

contractor, to be monitored. 

2.  Advanced utility metering systems.  These systems m ay take 

information from the control system or its componen t meters and 

sensors.  There is no command or control action fro m the advanced 

utility monitoring system on the control system how ever. 

3.  Boiler and/or chiller controls.  These controls, if  not native 

BACnet, will require a BACnet Gateway. 

4.  Not Used  

5.  Not Used  

6.  Unitary HVAC equipment, split systems, fan coil uni ts, controls.  

These include: 

a.  Discharge temperature control. 

b.   

c.  Flowrate control. 

d.  Setpoint reset. 

e.  Time of day indexing. 

f.  Status alarm. 

7.  Variable frequency drives. These controls, if not n ative BACnet, 

will require a BACnet Gateway. 

8.  The following systems have limited control (as indi vidually noted 

below) from the ECC: 

a.  Constant temperature rooms: temperature out of acce ptable range 

and status alarms. 

b.  Not Used  

c.  Not Used  

d.  Not Used  

e.  Not Used  

f.  Not Used  

g.  Not Used  

h.  Not Used  
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i.  Elevators: status alarms. 

j.  Building lighting systems: on/off and scene control . 

k.  Not Used  

l.  Not Used  

m.  Sanitary sewage pumps: status alarm. 

n.  Not Used  

o.  Not Used  

E.  Responsibility Table: 

Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

Control system low voltage 
and communication wiring  

23 09 23 23 09 23 23 09 23 N/A 

Terminal units 23 23 N/A 26 

Controllers for terminal 
units 

23 09 23 23 23 09 23 16 

LAN conduits and raceway 23 09 23 23 09 23 N/A N/A 

Automatic dampers (not 
furnished with equipment) 

23 09 23 23 N/A N/A 

Automatic damper actuators  23 09 23 23 09 23 23 09 23 23 09 23 

Manual valves 23 23 N/A N/A 

Automatic valves 23 09 23 23 23 09 23 23 09 23 

Pipe insertion devices and 
taps, flow and pressure 
stations. 

23 23 N/A N/A 

Thermowells 23 09 23 23 N/A N/A 

Current Switches 23 09 23 23 09 23 23 09 23 N/A 

Control Relays 23 09 23 23 09 23 23 09 23 N/A 

Power distribution system 
monitoring interfaces 

23 09 23 23 09 23 23 09 23 26 

Interface with 
chiller/boiler controls 

23 09 23 23 09 23 23 09 23 26 

Chiller/boiler controls 
interface with control 
system 

23 23 23 09 23 26 

All control system nodes, 
equipment, housings, 
enclosures and panels. 

23 09 23 23 09 23 23 09 23 26 

Smoke detectors 28 31 00 28 31 00 28 31 00 28 31 00  
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Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

Fire/Smoke Dampers 23 23 28 31 00 28 31 00 

Smoke Dampers 23 23 28 31 00 28 31 00 

Fire Dampers 23 23 N/A N/A 

Chiller/starter interlock 
wiring 

N/A N/A 26 26 

Chiller Flow Switches 23 23 23 N/A 

Boiler interlock wiring 23 23 23 26 

Boiler Flow Switches 23 23 23 N/A 

Water treatment system 23 23 23 26 

VFDs 23 09 23 26 23 09 23 26 

Refrigerant monitors 23 23 09 23 23 09 23 26 

Laboratory Environmental 
Controls 

23 09 23 23 09 23 23 09 23 26 

Fume hood controls 23 09 23 23 09 23 23 09 23 26 

Medical gas panels 23 23 26 26 

Laboratory Air Valves 23 23 23 09 23 N/A 

Computer Room A/C Unit 
field-mounted controls 

23 23 16 26 

Control system interface 
with CRU A/C controls 

23 09 23 23 09 23 23 09 23 26 

CRU A/C unit controls 
interface with control 
system 

23 23 09 23 23 09 23 26 

Fire Alarm shutdown relay 
interlock wiring 

28 28 28 26 

Control system monitoring 
of fire alarm smoke 
control relay  

28 28 23 09 23 28 

Fire-fighter’s smoke 
control station (FSCS  

28 28 28 28 

Fan Coil Unit controls 
(not furnished with 
equipment) 

23 09 23 23 09 23 23 09 23 26 

Unit Heater controls (not 
furnished with equipment) 

23 09 23 23 09 23 23 09 23 26 

Packaged RTU space-mounted 
controls (not furnished 

23 09 23 23 09 23 23 09 23 26 



09-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 09 23 - 6 

Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

with equipment) 

Packaged RTU unit-mounted 
controls (not furnished 
with equipment) 

23 09 23 23 09 23 23 09 23 26 

Cooling Tower Vibration 
Switches 

23 23 23 09 23 23 09 23 

Cooling Tower Level 
Control Devices 

23 23 23 09 23 23 09 23 

Cooling Tower makeup water 
control devices 

23 23 23 09 23 23 09 23 

Starters, HOA switches 23 23 N/A 26 

F.  This facility’s existing direct-digital control sys tem is manufactured 

by Johnson Controls.  The contractor administered b y this Section of 

the technical specifications shall observe the capa bilities, 

communication network, services, spare capacity of the existing control 

system and its ECC prior to beginning work. 

1.  Remove existing direct-digital control system ECC, communications 

network and controllers.  Replace with new BACnet E CC, network and 

controllers compliant with this Section of the tech nical 

specifications. 

2.  Provide a new BACnet ECC, communications network, a nd controllers.  

Provide a programmable internetworking gateway allo wing for real-

time communication between the existing direct-digi tal control 

system and the new BACnet control system.  Real-tim e communication 

shall provide all object properties and read/write services shown on 

VA-approved interoperability schedules.  The contra ctor administered 

by this Section of the technical specifications sha ll provide all 

necessary investigation and site-specific programmi ng to execute the 

interoperability schedules. 

a.  The combined system shall operate and function as o ne complete 

system including one database of control point obje cts and global 

control logic capabilities. Facility operators shal l have 

complete operations and control capability over all  systems, new 

and existing including; monitoring, trending, graph ing, 

scheduling, alarm management, global point sharing,  global 
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strategy deployment, graphical operations interface  and custom 

reporting as specified. 

b.  Not Used 

3.  Upgrade the existing direct-digital control system’ s ECC to include 

all properties and services required by an ASHRAE S tandard 135 

BACnet B-AWS Profile.  The upgraded ECC shall conti nue to 

communicate with the existing direct-digital contro l system’s 

devices.  The upgraded ECC shall communicate direct ly with the new 

native-BACnet devices over the existing control sys tem’s 

communications network without the use of a gateway .  Provide 

programming converting the existing non-BACnet devi ces, objects and 

services to ASHRAE Standard 135 BACnet-complaint BI BBs.  The 

contractor administered by this Section of the tech nical 

specifications shall provide all necessary investig ation and site-

specific programming to execute the interoperabilit y schedules. 

a.  The performance requirement for the combined system : the combined 

system shall operate and function as one complete s ystem 

including one database of control point objects and  global 

control logic capabilities. Facility operators shal l have 

complete operations and control capability over all  systems, new 

and existing including; monitoring, trending, graph ing, 

scheduling, alarm management, global point sharing,  global 

strategy deployment, graphical operations interface  and custom 

reporting as specified. 

b.  Not Used 

4.  Not Used 

G.  This campus has standardized on an existing standar d ASHRAE Standard 

135, BACnet/IP Control System supported by a presel ected controls 

service company. This entity is referred to as the “Control System 

Integrator” in this Section of the technical specif ications.  The 

Control system integrator is responsible for ECC sy stem graphics and 

expansion.  It also prescribes control system-speci fic commissioning/ 

verification procedures to the contractor administe red by this Section 

of the technical specification.  It lastly provides  limited assistance 

to the contractor administered by this Section of t he technical 

specification in its commissioning/verification wor k. 
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1.  The General Contractor of this project shall direct ly hire the 

Control System Integrator in a contract separate fr om the contract 

procuring the controls contractor administered by t his Section of 

the technical specifications. 

2.  The contractor administered by this Section of the technical 

specifications shall coordinate all work with the C ontrol System 

Integrator.  The contractor administered by this Se ction of the 

technical specifications shall integrate the ASHRAE  Standard 135, 

BACnet/IP control network(s) with the Control Syste m Integrator’s 

area control through an Ethernet connection provide d by the Control 

System Integrator. 

3.  The contractor administered by this Section of the technical 

specifications shall provide a peer-to-peer network ed, stand-alone, 

distributed control system.  This direct digital co ntrol (DDC) 

system shall include one portable operator terminal  - laptop, one 

digital display unit, microprocessor-based controll ers, 

instrumentation, end control devices, wiring, pipin g, software, and 

related systems.  This contractor is responsible fo r all device 

mounting and wiring.  

4.  Responsibility Table: 

Item/Task Section  

23 09 23 

contactor  

Control 

system 

integrator  

VA 

ECC expansion  X  

ECC programming  X  

Devices, controllers, control panels 

and equipment 

X   

Point addressing: all hardware and 

software points including setpoint, 

calculated point, data point(analog/ 

binary), and reset schedule point 

X   

Point mapping  X  

Network Programming X   

ECC Graphics  X  

Controller programming and sequences X   

Integrity of LAN communications X   
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Electrical wiring X   

Operator system training  X  

LAN connections to devices X   

LAN connections to ECC  X  

IP addresses   X 

Overall system verification  X  

Controller and LAN system verification X   

 
H.  Unitary standalone systems including Unit Heaters, Cabinet Unit 

Heaters, Fan Coil Units and similar units for contr ol of room 

environment conditions may be equipped with integra l controls furnished 

and installed by the equipment manufacturer or fiel d mounted. Refer to 

equipment specifications and as indicated in projec t documents.  

Application of standalone unitary controls is limit ed to at least those 

systems wherein remote monitoring, alarm and start- up are not 

necessary.  Examples of such systems include: 

1.  Light-switch-operated toilet exhaust 

2.  Vestibule heater 

3.  Exterior stair heater 

4.  Attic heating and ventilation 

5.  Mechanical or electrical room heating and ventilati on. 

I.  The direct-digital control system shall start and s top equipment, move 

(position) damper actuators and valve actuators, an d vary speed of 

equipment to execute the mission of the control sys tem.  Use 

electricity as the motive force for all damper and valve actuators, 

unless use of pneumatics as motive force is specifi cally granted by the 

VA. 

1.2  RELATED WORK 

A.  Not Used  

B.  Not Used  

C.  Not Used  

D.  Not Used  

E.  Not Used  

F.  Not Used  

G.  Not Used  

H.  Not Used  

I.  Section 14 21 00, Electric Traction Elevators. 
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J.  Not Used  

K.  Not Used  

L.  Not Used  

M.  Not Used  

N.  Not Used  

O.  Not Used  

P.  Not Used  

Q.  Not Used  

R.  Not Used  

S.  Section 22 14 29, Sump Pumps. 

T.  Not Used  

U.  Not Used  

V.  Not Used  

W. Not Used  

X.  Not Used  

Y.  Not Used  

Z.  Not Used  

AA.  Not Used  

BB.  Not Used  

CC. Not Used  

DD. Not Used  

EE.  Section 23 21 13, Hydronic Piping. 

FF.  Section 23 22 13, Steam and Condensate Heating Pipi ng. 

GG. Section 23 31 00, HVAC Ducts and Casings. 

HH. Not Used  

II.  Not Used  

JJ.  Not Used  

KK.  Not Used  

LL.  Section 23 64 00, Packaged Water Chillers. 

MM. Not Used  

NN. Not Used  

OO. Not Used  

PP.  Not Used  

QQ. Not Used  

RR. Not Used  

SS.  Not Used  

TT.  Not Used  
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UU. Section 26 05 11, Requirements for Electrical Insta llations. 

VV.  Section 26 05 19, Low-Voltage Electrical Power Cond uctors and Cables. 

WW. Section 26 05 26, Grounding and Bonding for Electri cal Systems. 

XX.  Section 26 05 33, Raceway and Boxes for Electrical Systems. 

YY.  Section 26 09 23, Lighting Controls. 

ZZ.  Not Used  

AAA.  Section 26 27 26, Wiring Devices. 

BBB.  Section 26 29 11, Motor Starters. 

CCC. Not Used  

DDD. Section 27 15 00, Communications Horizontal Cabling  

EEE.  Section 28 31 00, Fire Detection and Alarm. 

1.3  DEFINITION 

A.  Algorithm: A logical procedure for solving a recurr ent mathematical 

problem; A prescribed set of well-defined rules or processes for the 

solution of a problem in a finite number of steps. 

B.  ARCNET: ANSI/ATA 878.1 - Attached Resource Computer  Network. ARCNET is 

a deterministic LAN technology; meaning it's possib le to determine the 

maximum delay before a device is able to transmit a  message. 

C.  Analog: A continuously varying signal value (e.g., temperature, 

current, velocity etc. 

D.  BACnet: A Data Communication Protocol for Building Automation and 

Control Networks , ANSI/ASHRAE Standard 135.  This communications 

protocol allows diverse building automation devices  to communicate data 

over and services over a network. 

E.  BACnet/IP: Annex J of Standard 135.  It defines and  allows for using a 

reserved UDP socket to transmit BACnet messages ove r IP networks. A 

BACnet/IP network is a collection of one or more IP  sub-networks that 

share the same BACnet network number. 

F.  BACnet Internetwork: Two or more BACnet networks co nnected with 

routers.  The two networks may sue different LAN te chnologies. 

G.  BACnet Network: One or more BACnet segments that ha ve the same network 

address and are interconnected by bridges at the ph ysical and data link 

layers. 

H.  BACnet Segment: One or more physical segments of BA Cnet devices on a 

BACnet network, connected at the physical layer by repeaters. 
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I.  BACnet Broadcast Management Device (BBMD): A commun ications device 

which broadcasts BACnet messages to all BACnet/IP d evices and other 

BBMDs connected to the same BACnet/IP network. 

J.  BACnet Interoperability Building Blocks (BIBBs): BA Cnet 

Interoperability Building Blocks (BIBBs) are collec tions of one or more 

BACnet services. These are prescribed in terms of a n "A" and a "B" 

device. Both of these devices are nodes on a BACnet  internetwork.  

K.  BACnet Testing Laboratories (BTL). The organization  responsible for 

testing products for compliance with the BACnet sta ndard, operated 

under the direction of BACnet International. 

L.  Baud: It is a signal change in a communication link . One signal change 

can represent one or more bits of information depen ding on type of 

transmission scheme. Simple peripheral communicatio n is normally one 

bit per Baud. (e.g., Baud rate = 78,000 Baud/sec is  78,000 bits/sec, if 

one signal change = 1 bit). 

M.  Binary: A two-state system where a high signal leve l represents an "ON" 

condition and an "OFF" condition is represented by a low signal level. 

N.  BMP or bmp: Suffix, computerized image file, used a fter the period in a 

DOS-based computer file to show that the file is an  image stored as a 

series of pixels.  

O.  Bus Topology: A network topology that physically in terconnects 

workstations and network devices in parallel on a n etwork segment. 

P.  Control Unit (CU): Generic term for any controlling  unit, stand-alone, 

microprocessor based, digital controller residing o n secondary LAN or 

Primary LAN, used for local controls or global cont rols  

Q.  Deadband: A temperature range over which no heating  or cooling is 

supplied, i.e., 22-25 degrees C (72-78 degrees F), as opposed to a 

single point change over or overlap). 

R.  Device: a control system component that contains a BACnet Device Object 

and uses BACnet to communicate with other devices. 

S.  Device Object: Every BACnet device requires one Dev ice Object, whose 

properties represent the network visible properties  of that device. 

Every Device Object requires a unique Object Identi fier number on the 

BACnet internetwork.  This number is often referred  to as the device 

instance. 

T.  Device Profile: A specific group of services descri bing BACnet 

capabilities of a device, as defined in ASHRAE Stan dard 135-2008, Annex 
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L.  Standard device profiles include BACnet Operato r Workstations (B-

OWS), BACnet Building Controllers (B-BC), BACnet Ad vanced Application 

Controllers (B-AAC), BACnet Application Specific Co ntrollers (B-ASC), 

BACnet Smart Actuator (B-SA), and BACnet Smart Sens or (B-SS). Each 

device used in new construction is required to have  a PICS statement 

listing which service and BIBBs are supported by th e device. 

U.  Diagnostic Program: A software test program, which is used to detect 

and report system or peripheral malfunctions and fa ilures. Generally, 

this system is performed at the initial startup of the system. 

V.  Direct Digital Control (DDC): Microprocessor based control including 

Analog/Digital conversion and program logic. A cont rol loop or 

subsystem in which digital and analog information i s received and 

processed by a microprocessor, and digital control signals are 

generated based on control algorithms and transmitt ed to field devices 

in order to achieve a set of predefined conditions.  

W. Distributed Control System: A system in which the p rocessing of system 

data is decentralized and control decisions can and  are made at the 

subsystem level. System operational programs and in formation are 

provided to the remote subsystems and status is rep orted back to the 

Engineering Control Center. Upon the loss of commun ication with the 

Engineering Control center, the subsystems shall be  capable of 

operating in a stand-alone mode using the last best  available data. 

X.  Download: The electronic transfer of programs and d ata files from a 

central computer or operation workstation with seco ndary memory devices 

to remote computers in a network (distributed) syst em. 

Y.  DXF: An AutoCAD 2-D graphics file format. Many CAD systems import and 

export the DXF format for graphics interchange.  

Z.  Electrical Control: A control circuit that operates  on line or low 

voltage and uses a mechanical means, such as a temp erature sensitive 

bimetal or bellows, to perform control functions, s uch as actuating a 

switch or positioning a potentiometer. 

AA.  Electronic Control: A control circuit that operates  on low voltage and 

uses a solid-state components to amplify input sign als and perform 

control functions, such as operating a relay or pro viding an output 

signal to position an actuator. 
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BB.  Engineering Control Center (ECC): The centralized c ontrol point for the 

intelligent control network. The ECC comprises of p ersonal computer and 

connected devices to form a single workstation.  

CC. Ethernet: A trademark for a system for exchanging m essages between 

computers on a local area network using coaxial, fi ber optic, or 

twisted-pair cables. 

DD. Firmware: Firmware is software programmed into read  only memory (ROM) 

chips. Software may not be changed without physical ly altering the 

chip. 

EE.  Gateway: Communication hardware connecting two or m ore different 

protocols. It translates one protocol into equivale nt concepts for the 

other protocol. In BACnet applications, a gateway h as BACnet on one 

side and non-BACnet (usually proprietary) protocols  on the other side. 

FF.  GIF: Abbreviation of Graphic interchange format.  

GG. Graphic Program (GP): Program used to produce image s of air handler 

systems, fans, chillers, pumps, and building spaces . These images can 

be animated and/or color-coded to indicate operatio n of the equipment. 

HH. Graphic Sequence of Operation: It is a graphical re presentation of the 

sequence of operation, showing all inputs and outpu t logical blocks. 

II.  I/O Unit: The section of a digital control system t hrough which 

information is received and transmitted. I/O refers  to analog input 

(AI, digital input (DI), analog output (AO) and dig ital output (DO).  

Analog signals are continuous and represent tempera ture, pressure, flow 

rate etc, whereas digital signals convert electroni c signals to digital 

pulses (values), represent motor status, filter sta tus, on-off 

equipment etc. 

JJ.  I/P: a method for conveying and routing packets of information over LAN 

paths.  User Datagram Protocol (UDP) conveys inform ation to “sockets” 

without confirmation of receipt. Transmission Contr ol Protocol (TCP) 

establishes "sessions", which have end-to-end confi rmation and 

guaranteed sequence of delivery.  

KK.  JPEG: A standardized image compression mechanism st ands for Joint 

Photographic Experts Group, the original name of th e committee that 

wrote the standard. 

LL.  Local Area Network (LAN): A communication bus that interconnects 

operator workstation and digital controllers for pe er-to-peer 

communications, sharing resources and exchanging in formation. 
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MM. Network Repeater: A device that receives data packe t from one network 

and rebroadcasts to another network. No routing inf ormation is added to 

the protocol. 

NN. MS/TP: Master-slave/token-passing (ISO/IEC 8802, Pa rt 3).  It is not an 

acceptable LAN option for VA health-care facilities .  It uses twisted-

pair wiring for relatively low speed and low cost c ommunication.   

OO. Native BACnet Device: A device that uses BACnet as its primary method 

of communication with other BACnet devices without intermediary 

gateways. A system that uses native BACnet devices at all levels is a 

native BACnet system. 

PP.  Network Number: A site-specific number assigned to each network segment 

to identify for routing. This network number must b e unique throughout 

the BACnet internetwork. 

QQ. Object: The concept of organizing BACnet informatio n into standard 

components with various associated properties. Exam ples include analog 

input objects and binary output objects. 

RR. Object Identifier: An object property used to ident ify the object, 

including object type and instance. Object Identifi ers must be unique 

within a device. 

SS.  Object Properties: Attributes of an object. Example s include present 

value and high limit properties of an analog input object. Properties 

are defined in ASHRAE 135; some are optional and so me are required. 

Objects are controlled by reading from and writing to object 

properties. 

TT.  Operating system (OS): Software, which controls the  execution of 

computer application programs. 

UU. PCX: File type for an image file. When photographs are scanned onto a 

personal computer they can be saved as PCX files an d viewed or changed 

by a special application program as Photo Shop. 

VV.  Peripheral: Different components that make the cont rol system function 

as one unit. Peripherals include monitor, printer, and I/O unit.  

WW. Peer-to-Peer: A networking architecture that treats  all network 

stations as equal partners- any device can initiate  and respond to 

communication with other devices.  

XX.  PICS: Protocol Implementation Conformance Statement , describing the 

BACnet capabilities of a device.  All BACnet device s have published 

PICS. 
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YY.  PID: Proportional, integral, and derivative control , used to control 

modulating equipment to maintain a setpoint.  

ZZ.  Repeater: A network component that connects two or more physical 

segments at the physical layer. 

AAA.  Router: a component that joins together two or more  networks using 

different LAN technologies. Examples include joinin g a BACnet Ethernet 

LAN to a BACnet MS/TP LAN.  

BBB.  Sensors: devices measuring state points or flows, w hich are then 

transmitted back to the DDC system. 

CCC. Thermostats : devices measuring temperatures, which  are used in control 

of standalone or unitary systems and equipment not attached to the DDC 

system. 

1.4  QUALITY ASSURANCE 

A.  Criteria:  

1.  Single Source Responsibility of subcontractor: The Contractor shall 

obtain hardware and software supplied under this Se ction and 

delegate the responsibility to a single source cont rols installation 

subcontractor. The controls subcontractor shall be responsible for 

the complete design, installation, and commissionin g of the system. 

The controls subcontractor shall be in the business  of design, 

installation and service of such building automatio n control systems 

similar in size and complexity. 

2.  Equipment and Materials: Equipment and materials sh all be cataloged 

products of manufacturers regularly engaged in prod uction and 

installation of HVAC control systems. Products shal l be 

manufacturer’s latest standard design and have been  tested and 

proven in actual use. 

3.  The controls subcontractor shall provide a list of no less than five 

similar projects which have building control system s as specified in 

this Section. These projects must be on-line and fu nctional such 

that the Department of Veterans Affairs (VA) repres entative would 

observe the control systems in full operation. 

4.  The controls subcontractor shall have in-place faci lity within 50 

miles with technical staff, spare parts inventory f or the next five 

(5) years, and necessary test and diagnostic equipm ent to support 

the control systems.  
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5.  The controls subcontractor shall have minimum of th ree years 

experience in design and installation of building a utomation systems 

similar in performance to those specified in this S ection. Provide 

evidence of experience by submitting resumes of the  project manager, 

the local branch manager, project engineer, the app lication 

engineering staff, and the electronic technicians w ho would be 

involved with the supervision, the engineering, and  the installation 

of the control systems. Training and experience of these personnel 

shall not be less than three years. Failure to disc lose this 

information will be a ground for disqualification o f the supplier. 

6.  Provide a competent and experienced Project Manager  employed by the 

Controls Contractor. The Project Manager shall be s upported as 

necessary by other Contractor employees in order to  provide 

professional engineering, technical and management service for the 

work. The Project Manager shall attend scheduled Pr oject Meetings as 

required and shall be empowered to make technical, scheduling and 

related decisions on behalf of the Controls Contrac tor.  

B.  Codes and Standards: 

1.  All work shall conform to the applicable Codes and Standards. 

2.  Electronic equipment shall conform to the requireme nts of FCC 

Regulation, Part 15, Governing Radio Frequency Elec tromagnetic 

Interference, and be so labeled.  

1.5  PERFORMANCE 

A.  The system shall conform to the following:  

1.  Graphic Display: The system shall display up to fou r (4) graphics on 

a single screen with a minimum of twenty (20) dynam ic points per 

graphic. All current data shall be displayed within  ten (10) seconds 

of the request. 

2.  Graphic Refresh: The system shall update all dynami c points with 

current data within eight (8) seconds. Data refresh  shall be 

automatic, without operator intervention. 

3.  Object Command: The maximum time between the comman d of a binary 

object by the operator and the reaction by the devi ce shall be 

two(2) seconds. Analog objects shall start to adjus t within two (2) 

seconds. 

4.  Object Scan: All changes of state and change of ana log values shall 

be transmitted over the high-speed network such tha t any data used 
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or displayed at a controller or work-station will b e current, within 

the prior six (6) seconds. 

5.  Alarm Response Time: The maximum time from when an object goes into 

alarm to when it is annunciated at the workstation shall not exceed 

(10) seconds. 

6.  Program Execution Frequency: Custom and standard ap plications shall 

be capable of running as often as once every (5) se conds. The 

Contractor shall be responsible for selecting execu tion times 

consistent with the mechanical process under contro l. 

7.  Multiple Alarm Annunciations: All workstations on t he network shall 

receive alarms within five (5) seconds of each othe r. 

8.  Performance: Programmable Controllers shall be able  to execute DDC 

PID control loops at a selectable frequency from at  least once every 

one (1) second. The controller shall scan and updat e the process 

value and output generated by this calculation at t his same 

frequency. 

9.  Reporting Accuracy: Listed below are minimum accept able reporting 

end-to-end accuracies for all values reported by th e specified 

system: 

Measured Variable Reported Accuracy 

Space temperature  ±0.5 °C (±1 °F) 

Ducted air temperature ±0.5 °C [±1 °F] 

Outdoor air temperature ±1.0 °C [±2 °F] 

Dew Point ±1.5 °C [±3 °F] 

Water temperature  ±0.5 °C [±1 °F] 

Relative humidity  ±2% RH  

Water flow  ±1% of reading 

Air flow (terminal)  ±10% of reading  

Air flow (measuring stations) ±5% of reading 

Carbon Monoxide (CO) ±5% of reading 

Carbon Dioxide (CO 2) ±50 ppm 

Air pressure (ducts) ±25 Pa [±0.1"w.c.] 

Air pressure (space) ±0.3 Pa [±0.001"w.c.] 

Water pressure  ±2% of full scale  *Note 1 

Electrical Power ±0.5% of reading  
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Note 1: for both absolute and differential pressure   

10.  Control stability and accuracy: Control sequences s hall maintain 

measured variable at setpoint within the following tolerances: 

Controlled Variable  Control Accuracy Range of Medium 

Air Pressure ±50 Pa (±0.2 in. w.g.)  

 

0–1.5 kPa (0–6 in. w.g.)  

 

Air Pressure ±3 Pa (±0.01 in. w.g.)  -25 to 25 Pa 
(-0.1 to 0.1 in. w.g.) 

Airflow ±10% of full scale  

Space Temperature ±1.0ºC (±2.0ºF)  

Duct Temperature ±1.5ºC (±3ºF)  

Humidity ±5% RH  

Fluid Pressure ±10 kPa (±1.5 psi) 

 

0–1 MPa (1–150 psi) 

 

Fluid Pressure ±250 Pa (±1.0 in. w.g.)  0–12.5 kPa 
(0–50 in. w.g.) 

differential 

11.  Extent of direct digital control: control design sh all allow for at 

least the points indicated on the points lists on t he drawings. 

1.6  WARRANTY 

A.  Labor and materials for control systems shall be wa rranted for a period 

as specified under Warranty in FAR clause 52.246-21 . 

B.  Control system failures during the warranty period shall be adjusted, 

repaired, or replaced at no cost or reduction in se rvice to the owner. 

The system includes all computer equipment, transmi ssion equipment, and 

all sensors and control devices. 

C.  The on-line support service shall allow the Control s supplier to dial 

out over telephone lines to or connect via (through  password-limited 

access) VPN through the internet monitor and contro l the facility’s 

building automation system. This remote connection to the facility 

shall be within two (2) hours of the time that the problem is reported. 

This coverage shall be extended to include normal b usiness hours, after 

business hours, weekend and holidays. If the proble m cannot be resolved 

with on-line support services, the Controls supplie r shall dispatch the 

qualified personnel to the job site to resolve the problem within 24 

hours after the problem is reported. 
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D.  Controls and Instrumentation subcontractor shall be  responsible for 

temporary operations and maintenance of the control  systems during the 

construction period until final commissioning, trai ning of facility 

operators and acceptance of the project by VA. 

1.7  SUBMITTALS 

A.  Submit shop drawings in accordance with Section 01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES. 

B.  Manufacturer’s literature and data for all componen ts including the 

following: 

1.  A wiring diagram for each type of input device and output device 

including DDC controllers, modems, repeaters, etc. Diagram shall 

show how the device is wired and powered, showing t ypical 

connections at the digital controllers and each pow er supply, as 

well as the device itself. Show for all field conne cted devices, 

including but not limited to, control relays, motor  starters, 

electric or electronic actuators, and temperature p ressure, flow and 

humidity sensors and transmitters. 

2.  A diagram of each terminal strip, including digital  controller 

terminal strips, terminal strip location, terminati on numbers and 

the associated point names. 

3.  Control dampers and control valves schedule, includ ing the size and 

pressure drop. 

4.  Control air-supply components, and computations for  sizing 

compressors, receivers and main air-piping, if pneu matic controls 

are furnished. 

5.  Catalog cut sheets of all equipment used. This incl udes but is not 

limited to software (by manufacturer and by third p arties), DDC 

controllers, panels, peripherals, airflow measuring  stations and 

associated components, and auxiliary control device s such as 

sensors, actuators, and control dampers. When manuf acturer’s cut 

sheets apply to a product series rather than a spec ific product, the 

data specifically applicable to the project shall b e highlighted. 

Each submitted piece of literature and drawings sho uld clearly 

reference the specification and/or drawings that it  supposed to 

represent. 
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6.  Sequence of operations for each HVAC system and the  associated 

control diagrams. Equipment and control labels shal l correspond to 

those shown on the drawings. 

7.  Color prints of proposed graphics with a list of po ints for display.  

8.  Furnish a BACnet Protocol Implementation Conformanc e Statement 

(PICS) for each BACnet-compliant device. 

9.  Schematic wiring diagrams for all control, communic ation and power 

wiring. Provide a schematic drawing of the central system 

installation. Label all cables and ports with compu ter 

manufacturers’ model numbers and functions. Show al l interface 

wiring to the control system. 

10.  An instrumentation list for each controlled system.  Each element of 

the controlled system shall be listed in table form at. The table 

shall show element name, type of device, manufactur er, model number, 

and product data sheet number. 

11.  Riser diagrams of wiring between central control un it and all 

control panels. 

12.  Scaled plan drawings showing routing of LAN and loc ations of control 

panels, controllers, routers, gateways, ECC, and la rger controlled 

devices. 

13.  Construction details for all installed conduit, cab ling, raceway, 

cabinets, and similar.  Construction details of all  penetrations and 

their protection. 

14.  Quantities of submitted items may be reviewed but a re the 

responsibility of the contractor administered by th is Section of the 

technical specifications. 

C.  Product Certificates: Compliance with Article, QUAL ITY ASSURANCE. 

D.  Licenses: Provide licenses for all software residin g on and used by the 

Controls Systems and transfer these licenses to the  Owner prior to 

completion. 

E.  As Built Control Drawings:  

1.  Furnish three (3) copies of as-built drawings for e ach control 

system. The documents shall be submitted for approv al prior to final 

completion. 

2.  Furnish one (1) stick set of applicable control sys tem prints for 

each mechanical system for wall mounting. The docum ents shall be 

submitted for approval prior to final completion. 
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3.  Furnish one (1) CD-ROM in CAD DWG and/or .DXF forma t for the 

drawings noted in subparagraphs above.  

F.  Operation and Maintenance (O/M) Manuals): 

1.  Submit in accordance with Article, INSTRUCTIONS, in  Specification 

Section 01 00 00, GENERAL REQUIREMENTS. 

2.  Include the following documentation: 

a.  General description and specifications for all comp onents, 

including logging on/off, alarm handling, producing  trend 

reports, overriding computer control, and changing set points and 

other variables. 

b.  Detailed illustrations of all the control systems s pecified for 

ease of maintenance and repair/replacement procedur es, and 

complete calibration procedures. 

c.  One copy of the final version of all software provi ded including 

operating systems, programming language, operator w orkstation 

software, and graphics software. 

d.  Complete troubleshooting procedures and guidelines for all 

systems. 

e.  Complete operating instructions for all systems. 

f.  Recommended preventive maintenance procedures for a ll system 

components including a schedule of tasks for inspec tion, cleaning 

and calibration. Provide a list of recommended spar e parts needed 

to minimize downtime. 

g.  Training Manuals: Submit the course outline and tra ining material 

to the Owner for approval three (3) weeks prior to the training 

to VA facility personnel. These persons will be res ponsible for 

maintaining and the operation of the control system s, including 

programming. The Owner reserves the right to modify  any or all of 

the course outline and training material. 

h.  Licenses, guaranty, and other pertaining documents for all 

equipment and systems.  

G.  Submit Performance Report to COR prior to final ins pection. 

1.8  INSTRUCTIONS 

A.  Instructions to VA operations personnel: Perform in  accordance with 

Article, INSTRUCTIONS, in Specification Section 01 00 00, GENERAL 

REQUIREMENTS, and as noted below.  Contractor shall  also video tape 

instruction sessions noted below.  
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1.  First Phase: Formal instructions to the VA faciliti es personnel for 

a total of 16 hours, given in multiple training ses sions (each no 

longer than four hours in length), conducted someti me between the 

completed installation and prior to the performance  test period of 

the control system, at a time mutually agreeable to  the Contractor 

and the VA. 

2.  Second Phase: This phase of training shall comprise  of on the job 

training during start-up, checkout period, and perf ormance test 

period. VA facilities personnel will work with the Contractor’s 

installation and test personnel on a daily basis du ring start-up and 

checkout period. During the performance test period , controls 

subcontractor will provide 8 hours of instructions,  given in 

multiple training sessions (each no longer than fou r hours in 

length), to the VA facilities personnel. 

3.  The O/M Manuals shall contain approved submittals a s outlined in 

Article 1.7, SUBMITTALS. The Controls subcontractor  will review the 

manual contents with VA facilities personnel during  second phase of 

training. 

4.  Training shall be given by direct employees of the controls system 

subcontractor. 

1.9  PROJECT CONDITIONS (ENVIRONMENTAL CONDITIONS OF OPERATION) 

A.  The ECC and peripheral devices and system support e quipment shall be 

designed to operate in ambient condition of 20 to 3 5°C (65 to 90 °F) at a 

relative humidity of 20 to 80% non-condensing. 

B.  The CUs used outdoors shall be mounted in NEMA 4 wa terproof enclosures, 

and shall be rated for operation at –40 to 65 °C (-40 to 150 °F). 

C.  All electronic equipment shall operate properly wit h power fluctuations 

of plus 10 percent to minus 15 percent of nominal s upply voltage. 

D.  Sensors and controlling devices shall be designed t o operate in the 

environment, which they are sensing or controlling.   

1.10  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  American Society of Heating, Refrigerating, and Air -Conditioning 

Engineers (ASHRAE): 
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Standard 135-10.........BACNET Building Automation and Control Networks 

C.  American Society of Mechanical Engineers (ASME): 

B16.18-01...............Cast Copper Alloy Solder Jo int Pressure 

Fittings. 

B16.22-01...............Wrought Copper and Copper A lloy Solder Joint 

Pressure Fittings. 

D.  American Society of Testing Materials (ASTM): 

B32-08..................Standard Specification for Solder Metal 

B88-09..................Standard Specifications for  Seamless Copper 

Water Tube 

B88M-09.................Standard Specification for Seamless Copper 

Water Tube (Metric) 

B280-08.................Standard Specification for Seamless Copper Tube 

for Air-Conditioning and Refrigeration Field 

Service 

D2737-03................Standard Specification for Polyethylene (PE) 

Plastic Tubing 

E.  Federal Communication Commission (FCC): 

Rules and Regulations Title 47 Chapter 1-2001 Part 15: Radio Frequency 
Devices. 

F.  Institute of Electrical and Electronic Engineers (I EEE): 

802.3-11................Information Technology-Tele communications and 

Information Exchange between Systems-Local and 

Metropolitan Area Networks- Specific 

Requirements-Part 3: Carrier Sense Multiple 

Access with Collision Detection (CSMA/CD) 

Access method and Physical Layer Specifications 

G.  National Fire Protection Association (NFPA): 

70-11...................National Electric Code 

90A-09..................Standard for Installation o f Air-Conditioning 

and Ventilation Systems  

H.  Underwriter Laboratories Inc (UL): 

94-10...................Tests for Flammability of P lastic Materials for 

Parts and Devices and Appliances 

294-10..................Access Control System Units   

486A/486B-10............Wire Connectors  

555S-11.................Standard for Smoke Dampers 
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916-10..................Energy Management Equipment  

1076-10.................Proprietary Burglar Alarm U nits and Systems  

PART 2 -  PRODUCTS 

2.1  MATERIALS 

A.  Use new products that the manufacturer is currently  manufacturing and 

that have been installed in a minimum of 25 install ations. Spare parts 

shall be available for at least five years after co mpletion of this 

contract. 

2.2  CONTROLS SYSTEM ARCHITECTURE 

A.  General 

1.  The Controls Systems shall consist of multiple Node s and associated 

equipment connected by industry standard digital an d communication 

network arrangements. 

2.  The ECC, building controllers and principal communi cations network 

equipment shall be standard products of recognized major 

manufacturers available through normal PC and compu ter vendor 

channels – not "Clones" assembled by a third-party subcontractor. 

3.  The networks shall, at minimum, comprise, as necess ary, the 

following: 

a.  A fixed ECC and a portable operator’s terminal. 

b.  Network computer processing, data storage and BACne t-compliant 

communication equipment including Servers and digit al data 

processors. 

c.  BACnet-compliant routers, bridges, switches, hubs, modems, 

gateways, interfaces and similar communication equi pment. 

d.  Active processing BACnet-compliant building control lers connected 

to other BACNet-compliant controllers together with  their power 

supplies and associated equipment. 

e.  Addressable elements, sensors, transducers and end devices. 

f.  Third-party equipment interfaces and gateways as de scribed and 

required by the Contract Documents. 

g.  Other components required for a complete and workin g Control 

Systems as specified. 

B.  The Specifications for the individual elements and component subsystems 

shall be minimum requirements and shall be augmente d as necessary by 

the Contractor to achieve both compliance with all applicable codes, 

standards and to meet all requirements of the Contr act Documents. 
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C.  Network Architecture 

1.  The Controls communication network shall utilize BA Cnet 

communications protocol operating over a standard E thernet LAN and 

operate at a minimum speed of 100 Mb/sec. 

2.  The networks shall utilize only copper and optical fiber 

communication media as appropriate and shall comply  with applicable 

codes, ordinances and regulations. They may also ut ilize digital 

wireless technologies as appropriate to the applica tion and if 

approved by the VA. 

3.  All necessary telephone lines, ISDN lines and inter net Service 

Provider services and connections will be provided by the VA. 

D.  Third Party Interfaces: 

1.  The contractor administered by this Section of the technical 

specifications shall include necessary hardware, eq uipment, software 

and programming to allow data communications betwee n the controls 

systems and building systems supplied by other trad es. 

2.  Other manufacturers and contractors supplying other  associated 

systems and equipment shall provide their necessary  hardware, 

software and start-up at their cost and shall coope rate fully with 

the contractor administered by this Section of the technical 

specifications in a timely manner and at their cost  to ensure 

complete functional integration. 

E.  Servers: 

1.  Provide data storage server(s) to archive historica l data including 

trends, alarm and event histories and transaction l ogs. 

2.  Equip these server(s) with the same software tool s et that is 

located in the BACnet building controllers for syst em configuration 

and custom logic definition and color graphic confi guration. 

3.  Access to all information on the data storage serve r(s) shall be 

through the same browser functionality used to acce ss individual 

nodes. When logged onto a server the operator will be able to also 

interact with any other controller on the control s ystem as required 

for the functional operation of the controls system s.  The 

contractor administered by this Section of the tech nical 

specifications shall provide all necessary digital processor 

programmable data storage server(s). 
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4.  These server(s) shall be utilized for controls syst ems application 

configuration, for archiving, reporting and trendin g of data, for 

operator transaction archiving and reporting, for n etwork 

information management, for alarm annunciation, for  operator 

interface tasks, for controls application managemen t and similar. 

These server(s) shall utilize IT industry standard data base 

platforms which utilize a database declarative lang uage designed for 

managing data in relational database management sys tems (RDBMS) such 

as SQL. 

2.3  COMMUNICATION 

A.  Control products, communication media, connectors, repeaters, hubs, and 

routers shall comprise a BACnet internetwork. Contr oller and operator 

interface communication shall conform to ANSI/ASHRA E Standard 135-2008, 

BACnet. 

1.  The Data link / physical layer protocol (for commun ication) 

acceptable to the VA throughout its facilities is E thernet (ISO 

8802-3) and BACnet/IP. 

2.  The ARCNET data link / physical protocol may be use d in new BACnet 

sub-networks in VA non-healthcare and non-lab (i.e. , business and 

cemetery) facilities. 

3.  The MS/TP data link / physical layer protocol is no t acceptable to 

the VA in any new BACnet network or sub-network in its healthcare or 

lab facilities.  

B.  Each controller shall have a communication port for  connection to an 

operator interface. 

C.  Project drawings indicate remote buildings or sites  to be connected by 

a nominal 56,000 baud modem over voice-grade teleph one lines.  In each 

remote location a modem and field device connection  shall allow 

communication with each controller on the internetw ork as specified in 

Paragraph D. 

D.  Internetwork operator interface and value passing s hall be transparent 

to internetwork architecture. 

1.  An operator interface connected to a controller sha ll allow the 

operator to interface with each internetwork contro ller as if 

directly connected. Controller information such as data, status, 

reports, system software, and custom programs shall  be viewable and 

editable from each internetwork controller. 
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2.  Inputs, outputs, and control variables used to inte grate control 

strategies across multiple controllers shall be rea dable by each 

controller on the internetwork.  Program and test a ll cross-

controller links required to execute specified cont rol system 

operation. An authorized operator shall be able to edit cross-

controller links by typing a standard object addres s. 

E.  System shall be expandable to at least twice the re quired input and 

output objects with additional controllers, associa ted devices, and 

wiring. Expansion shall not require operator interf ace hardware 

additions or software revisions. 

F.  ECCs and Controllers with real-time clocks shall us e the BACnet Time 

Synchronization service. The system shall automatic ally synchronize 

system clocks daily from an operator-designated dev ice via the 

internetwork. The system shall automatically adjust  for daylight 

savings and standard time as applicable. 

2.4  ENGINEERING CONTROL CENTER (ECC) 

A.  The ECC shall reside on a high-speed network with c ontrollers as shown 

on system drawings. The ECC and each standard brows er connected to 

server shall be able to access all system informati on.  

B.  ECC and controllers shall communicate using BACnet protocol. ECC and 

control network backbone shall communicate using IS O 8802-3 (Ethernet) 

Data Link/Physical layer protocol and BACnet/IP add ressing as specified 

in ASHRAE/ANSI 135-2008, BACnet Annex J. 

C.  Hardware: ECC shall conform to the BACnet Advanced Workstation (B-AWS) 

Profile and shall be BTL-Listed as a B-AWS device. 

1.  ECC shall be commercial standard with supporting 32 - or 64-bit 

hardware (as required by the direct-digital control  system software) 

and software enterprise server. Internet Explorer v 6.0 SP1 or 

higher, Windows Script Hosting version 5.6 or highe r, Windows 

Message Queuing, Windows Internet Information Servi ces (IIS) v5.0 or 

higher, minimum 2.8 GHz processor, minimum 4GB DDR3  SDRAM (minimum 

1333 Mhz) memory, 512 MB video card, and 16 speed h igh density DVD-

RW+/- optical drive. 

a.  The hard drive shall be at the minimum 1 TB 7200 rp m SATA hard 

drive with 16 MB cache, and shall have sufficient m emory to 

store: 

1.)  All required operator workstation software 



09-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 09 23 - 29 

2.)  A DDC database at least twice the size of the deliv ered 

system database 

3.)  One year of trend data based on the points specifie d to be 

trended at their specified trend intervals. 

b.  Real-time clock: 

1.)  Accuracy:  Plus or minus 1 minute per month. 

2.)  Time Keeping Format:  24-hour time format including  

seconds, minutes, hours, date, day, and month; auto matic 

reset by software. 

3.)  Clock shall function for one year without power. 

4.)  Provide automatic time correction once every 24 hou rs by 

synchronizing clock with the Time Service Departmen t of the 

U.S. Naval Observatory. 

c.  Serial ports:  Four USB ports and two RS-232-F seri al ports for 

general use, with additional ports as required.  Da ta 

transmission rates shall be selectable under progra m control. 

d.  Parallel port:  Enhanced. 

e.  Sound card:  For playback and recording of digital WAV sound 

files associated with audible warning and alarm fun ctions. 

f.  Color monitor:  PC compatible, not less than 22 inc hes, LCD type, 

with a minimum resolution of 1280 by 1024 pixels, n on-interlaced, 

and a maximum dot pitch of 0.28 mm. 

g.  Keyboard:  Minimum of 64 characters, standard ASCII  character set 

based on ANSI INCITS 154. 

h.  Mouse:  Standard, compatible with installed softwar e. 

i.  Removable disk storage: Include the following, each  with 

appropriate controller: 

1.)  Minimum 1 TB removable hard disk, maximum average a ccess 

time of 10 ms. 

j.  Network interface card (NIC): integrated 10-100-100 0 Base-TX 

Ethernet NIC with an RJ45 connector or a 100Base-FX  Ethernet NIC 

with an SC/ST connector. 

2.  Cable modem: 42.88 MBit/s, DOCSIS 2.0 Certified, al so backwards 

compatible with DOCSIS 1.1/1.0 standards. Provide E thernet or USB 

connectivity. 

3.  Optical modem: full duplex link, for use on 10 GBas e-R single-mode 

and multi-mode fiber with a XENPAK module. 
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4.  Auto-dial modem:  56,600 bps, full duplex for async hronous 

communications.  With error detection, auto answer/ autodial, and 

call-in-progress detection.  Modem shall comply wit h requirements in 

ITU-T v.34, ITU-T v.42, ITU-T v.42 Appendix VI for error correction, 

and ITU-T v.42 BIS for data compression standards; and shall be 

suitable for operating on unconditioned voice-grade  telephone lines 

complying with 47 CFR 68. 

5.  Audible Alarm:  Manufacturer's standard. 

6.  Printers: 

a.  Provide a dedicated, minimum resolution 600 dpi, co lor laser 

printer, connected to the ECC through a USB interfa ce. 

1.)  If a network printer is used instead of this dedica ted 

printer, it shall have a 100Base-T interface with a n RJ45 

connection and shall have a firmware print spooler 

compatible with the Operating System print spooler.  

2.)  RAM:  512 MB, minimum. 

3.)  Printing Speed:  Minimum twenty six pages per minut e 

(color); minimum 30 pages per minute (black/white).  

4.)  Paper Handling:  Automatic sheet feeder with 250-sh eet x 

8.5 inch x 11 inch paper cassette and with automati c feed. 

b.  Provide a dedicated black/white tractor-feed dot ma trix printer 

for status/alarm message printing, minimum 10 chara cters per 

inch, minimum 160 characters per second, connected to the ECC 

through a USB interface. 

1.)  Paper: One box of 2000 sheets of 8-1/2x11 multi-fol d type 

printer paper. 

7.  RS-232 ASCII Interface 

a.  ASCII interface shall allow RS-232 connections to b e made between 

a meter or circuit monitor operating as the host PC  and any 

equipment that will accept RS-232 ASCII command str ings, such as 

local display panels, dial-up modems, and alarm tra nsmitters. 

b.  Pager System Interface:  Alarms shall be able to ac tivate a pager 

system with customized message for each input alarm . 

c.  Alarm System Interface: RS-232 output shall be capa ble of 

transmitting alarms from other monitoring and alarm  systems to 

workstation software. 



09-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 09 23 - 31 

d.  RS-232 output shall be capable of connection to a p ager interface 

that can be used to call a paging system or service  and send a 

signal to a portable pager.  System shall allow an individual 

alphanumeric message per alarm input to be sent to paging system.  

This interface shall support both numeric and alpha numeric 

pagers. 

e.  Cables: provide Plenum-Type, RS-232 Cable:  Paired,  2 pairs, 

No. 22 AWG, stranded (7x30) tinned copper conductor s, plastic 

insulation, and individual aluminum foil-polyester tape shielded 

pairs with 100 percent shield coverage; plastic jac ket.  Pairs 

are cabled on common axis with No. 24 AWG, stranded  (7x32) tinned 

copper drain wire. 

1.)  NFPA 70, Type CMP. 

2.)  Flame Resistance:  NFPA 262, Flame Test. 

8.  Self-contained uninterruptible power supply (UPS): 

a.  Size:  Provide a minimum of six hours of operation of ECC 

equipment, including two hours of alarm printer ope ration. 

b.  Batteries:  Sealed, valve regulated, recombinant, l ead calcium. 

c.  Accessories: 

1.)  Transient voltage suppression. 

2.)  Input-harmonics reduction. 

3.)  Rectifier/charger. 

4.)  Battery disconnect device. 

5.)  Static bypass transfer switch. 

6.)  Internal maintenance bypass/isolation switch. 

7.)  External maintenance bypass/isolation switch. 

8.)  Output isolation transformer. 

9.)  Remote UPS monitoring. 

10.)  Battery monitoring. 

11.)  Remote battery monitoring. 

D.  ECC Software: 

1.  Provide for automatic system database save and rest ore on the ECC’s 

hard disk a copy of the current database of each Co ntroller. This 

database shall be updated whenever a change is made  in any system 

panel. In the event of a database loss in a buildin g management 

panel, the ECC shall automatically restore the data base for that 

panel. This capability may be disabled by the opera tor. 
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2.  Provide for manual database save and restore.  An o perator with 

proper clearance shall be able to save the database  from any system 

panel. The operator also shall be able to clear a p anel database and 

manually initiate a download of a specified databas e to any panel in 

the system. 

3.  Provide a method of configuring the system. This sh all allow for 

future system changes or additions by users with pr oper clearance. 

4.  Operating System. Furnish a concurrent multi-taskin g operating 

system. The operating system also shall support the  use of other 

common software applications. Acceptable operating systems are 

Windows XP, Windows System 7, Linux, and UNIX. 

5.  System Graphics. The operator workstation software shall be 

graphically oriented. The system shall allow displa y of up to 10 

graphic screens at once for comparison and monitori ng of system 

status. Provide a method for the operator to easily  move between 

graphic displays and change the size and location o f graphic 

displays on the screen. The system graphics shall b e able to be 

modified while on-line. An operator with the proper  password level 

shall be able to add, delete, or change dynamic obj ects on a 

graphic. Dynamic objects shall include analog and b inary values, 

dynamic text, static text, and animation files. Gra phics shall have 

the ability to show animation by shifting image fil es based on the 

status of the object. 

6.  Custom Graphics. Custom graphic files shall be crea ted with the use 

of a graphics generation package furnished with the  system. The 

graphics generation package shall be a graphically based system that 

uses the mouse to create and modify graphics that a re saved in 

industry standard formats such as PCX, TIFF, and GE M. The graphics 

generation package also shall provide the capabilit y of capturing or 

converting graphics from other programs such as Des igner or AutoCAD.  

7.  Graphics Library. Furnish a complete library of sta ndard HVAC 

equipment graphics such as chillers, boilers, air h andlers, 

terminals, fan coils, and unit ventilators. This li brary also shall 

include standard symbols for other equipment includ ing fans, pumps, 

coils, valves, piping, dampers, and ductwork. The l ibrary shall be 

furnished in a file format compatible with the grap hics generation 

package program. 
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8.  The Controls Systems Operator Interfaces shall be u ser friendly, 

readily understood and shall make maximum use of co lors, graphics, 

icons, embedded images, animation, text based infor mation and data 

visualization techniques to enhance and simplify th e use and 

understanding of the displays by authorized users a t the ECC. The 

operating system shall be Windows XP or better and shall support the 

third party software. 

9.  Provide graphical user software, which shall minimi ze the use of 

keyboard through the use of the mouse and "point an d click" approach 

to menu selection. 

10.  The software shall provide a multi-tasking type env ironment that 

will allow the user to run several applications sim ultaneously. The 

mouse or Alt-Tab keys shall be used to quickly sele ct and switch 

between multiple applications. The operator shall b e able 

automatically export data to and work in Microsoft Word, Excel, and 

other Windows based software programs, while concur rently on-line 

system alarms and monitoring information. 

11.  On-Line Help. Provide a context-sensitive, on-line help system to 

assist the operator in operating and editing the sy stem. On-line 

help shall be available for all applications and sh all provide the 

relevant data for that particular screen. Additiona l help 

information shall be available through the use of h ypertext. 

12.  User access shall be protected by a flexible and Ow ner re-definable 

software-based password access protection. Password  protection shall 

be multi-level and partition able to accommodate th e varied access 

requirements of the different user groups to which individual users 

may be assigned. Provide the means to define unique  access 

privileges for each individual authorized user. Pro vide the means to 

on-line manage password access control under the co ntrol of a 

project specific Master Password. Provide an audit trail of all user 

activity on the Controls Systems including all acti ons and changes. 

13.  The system shall be completely field-programmable f rom the common 

operator’s keyboard thus allowing hard disk storage  of all data 

automatically. All programs for the CUs shall be ab le to be 

downloaded from the hard disk. The software shall p rovide the 

following functionality as a minimum:  
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a.  Point database editing, storage and downloading of controller 

databases. 

b.  Scheduling and override of building environmental c ontrol 

systems. 

c.  Collection and analysis of historical data. 

d.  Alarm reporting, routing, messaging, and acknowledg ement. 

e.  Definition and construction of dynamic color graphi c displays. 

f.  Real-time graphical viewing and control of environm ent. 

g.  Scheduling trend reports. 

h.  Program editing. 

i.  Operating activity log and system security. 

j.  Transfer data to third party software. 

14.  Provide functionality such that using the least amo unt of steps to 

initiate the desired event may perform any of the f ollowing 

simultaneously: 

a.  Dynamic color graphics and graphic control. 

b.  Alarm management. 

c.  Event scheduling. 

d.  Dynamic trend definition and presentation. 

e.  Program and database editing.  

f.  Each operator shall be required to log on to the sy stem with a 

user name and password to view, edit or delete the data. System 

security shall be selectable for each operator, and  the password 

shall be able to restrict the operator’s access for  viewing and 

changing the system programs. Each operator shall a utomatically 

be logged off the system if no keyboard or mouse ac tivity is 

detected for a selected time.  

15.  Graphic Displays: 

a.  The workstation shall allow the operator to access various system 

schematics and floor plans via a graphical penetrat ion scheme, 

menu selection, or text based commands. Graphic sof tware shall 

permit the importing of AutoCAD or scanned pictures  in the 

industry standard format (such as PCX, BMP, GIF, an d JPEG) for 

use in the system.  

b.  System Graphics shall be project specific and schem atically 

correct for each system. (ie: coils, fans, dampers located per 

equipment supplied with project.)  Standard system graphics that 
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do not match equipment or system configurations are  not 

acceptable.  Operator shall have capability to manu ally operate 

the entire system from each graphic screen at the E CC.  Each 

system graphic shall include a button/tab to a disp lay of the 

applicable sequence of operation. 

c.  Dynamic temperature values, humidity values, flow r ates, and 

status indication shall be shown in their locations  and shall 

automatically update to represent current condition s without 

operator intervention and without pre-defined scree n refresh 

values. 

d.  Color shall be used to indicate status and change i n status of 

the equipment. The state colors shall be user defin able. 

e.  A clipart library of HVAC equipment, such as chille rs, boilers, 

air handling units, fans, terminal units, pumps, co ils, standard 

ductwork, piping, valves and laboratory symbols sha ll be provided 

in the system. The operator shall have the ability to add custom 

symbols to the clipart library. 

f.  A dynamic display of the site-specific architecture  showing 

status of the controllers, the ECC and network shal l be provided. 

g.  The windowing environment of the workstation shall allow the user 

to simultaneously view several applications at a ti me to analyze 

total building operation or to allow the display of  graphic 

associated with an alarm to be viewed without inter rupting work 

in progress. The graphic system software shall also  have the 

capability to split screen, half portion of the scr een with 

graphical representation and the other half with se quence of 

operation of the same HVAC system.  

16.  Trend reports shall be generated on demand or pre-d efined schedule 

and directed to monitor display, printers or disk. As a minimum, the 

system shall allow the operator to easily obtain th e following types 

of reports:  

a.  A general list of all selected points in the networ k. 

b.  List of all points in the alarm. 

c.  List of all points in the override status. 

d.  List of all disabled points. 

e.  List of all points currently locked out. 

f.  List of user accounts and password access levels. 
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g.  List of weekly schedules. 

h.  List of holiday programming. 

i.  List of limits and dead bands. 

j.  Custom reports. 

k.  System diagnostic reports, including, list of digit al controllers 

on the network. 

l.  List of programs. 

17.  ASHRAE Standard 147 Report: Provide a daily report that shows the 

operating condition of each chiller as recommended by ASHRAE 

Standard 147. At a minimum, this report shall inclu de:  

a.  Chilled water (or other secondary coolant) inlet an d outlet 

temperature 

b.  Chilled water (or other secondary coolant) flow  

c.  Chilled water (or other secondary coolant) inlet an d outlet 

pressures  

d.  Evaporator refrigerant pressure and temperature  

e.  Condenser refrigerant pressure and liquid temperatu re  

f.  Condenser water inlet and outlet temperatures 

g.  Condenser water flow  

h.  Refrigerant levels  

i.  Oil pressure and temperature  

j.  Oil level  

k.  Compressor refrigerant discharge temperature  

l.  Compressor refrigerant suction temperature  

m.  Addition of refrigerant  

n.  Addition of oil  

o.  Vibration levels or observation that vibration is n ot excessive 

p.  Motor amperes per phase 

q.  Motor volts per phase 

r.  PPM refrigerant monitor level 

s.  Purge exhaust time or discharge count 

t.  Ambient temperature (dry-bulb and wet-bulb) 

u.  Date and time logged 

18.  Electrical, Gas, and Weather Reports 

a.  Electrical Meter Report: Provide a monthly report s howing the 

daily electrical consumption and peak electrical de mand with time 

and date stamp for each building meter.  
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b.  Provide an annual (12-month) summary report showing  the monthly 

electrical consumption and peak demand with time an d date stamp 

for each meter.  

c.  Gas Meter Report: Provide a monthly report showing the daily 

natural gas consumption for each meter. Provide an annual (12-

month) report that shows the monthly consumption fo r each meter.  

d.  Weather Data Report: Provide a monthly report showi ng the daily 

minimum, maximum, and average outdoor air temperatu re, as well as 

the number of heating and cooling degree-days for e ach day. 

Provide an annual (12-month) report showing the min imum, maximum, 

and average outdoor air temperature for the month, as well as the 

number of heating and cooling degree-days for the m onth.  

19.  Scheduling and Override: 

a.  Provide override access through menu selection from  the graphical 

interface and through a function key. 

b.  Provide a calendar type format for time-of-day sche duling and 

overrides of building control systems. Schedules re side in the 

ECC.  The digital controllers shall ensure equipmen t time 

scheduling when the ECC is off-line.  The ECC shall  not be 

required to execute time scheduling. Provide the fo llowing 

spreadsheet graphics as a minimum: 

1.)  Weekly schedules. 

2.)  Zone schedules, minimum of 100 zones. 

3.)  Scheduling up to 365 days in advance. 

4.)  Scheduled reports to print at workstation. 

20.  Collection and Analysis of Historical Data: 

a.  Provide trending capabilities that will allow the o perator to 

monitor and store records of system activity over a n extended 

period of time. Points may be trended automatically  on time based 

intervals or change of value, both of which shall b e user 

definable. The trend interval could be five (5) min utes to 120 

hours. Trend data may be stored on hard disk for fu ture 

diagnostic and reporting. Additionally trend data m ay be archived 

to network drives or removable disk media for off-s ite retrieval. 

b.  Reports may be customized to include individual poi nts or 

predefined groups of at least six points. Provide a dditional 

functionality to allow pre-defined groups of up to 250 trended 
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points to be easily accessible by other industry st andard word 

processing and spreadsheet packages. The reports sh all be time 

and date stamped and shall contain a report title a nd the name of 

the facility. 

c.  System shall have the set up to generate spreadshee t reports to 

track energy usage and cost based on weekly or mont hly interval, 

equipment run times, equipment efficiency, and/or b uilding 

environmental conditions.  

d.  Provide additional functionality that will allow th e operator to 

view real time trend data on trend graph displays. A minimum of 

20 points may be graphed regardless of whether they  have been 

predefined for trending. In addition, the user may pause the 

graph and take snapshots of the screens to be store d on the 

workstation disk for future reference and trend ana lysis. Exact 

point values may be viewed and the graph may be pri nted. Operator 

shall be able to command points directly on the tre nd plot by 

double clicking on the point. 

21.  Alarm Management: 

a.  Alarm routing shall allow the operator to send alar m notification 

to selected printers or operator workstation based on time of 

day, alarm severity, or point type. 

b.  Alarm notification shall be provided via two alarm icons, to 

distinguish between routine, maintenance type alarm s and critical 

alarms. The critical alarms shall display on the sc reen at the 

time of its occurrence, while others shall display by clicking on 

their icon. 

c.  Alarm display shall list the alarms with highest pr iority at the 

top of the display. The alarm display shall provide  selector 

buttons for display of the associated point graphic  and message 

in English language. The operator shall be able to sort out the 

alarms. 

d.  Alarm messages shall be customized for each point t o display 

detailed instructions to the operator regarding act ions to take 

in the event of an alarm. 

e.  An operator with proper security level access may a cknowledge and 

clear the alarm. All that have not been cleared sha ll be archived 

at workstation disk. 
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22.  Remote Communications:  The system shall have the a bility to dial 

out in the event of an alarm. Receivers shall inclu de operator 

workstations, e-mail addresses, and alpha-numeric p agers. The alarm 

message shall include the name of the calling locat ion, the device 

that generated the alarm, and the alarm message its elf. 

23.  System Configuration: 

a.  Network control strategies shall not be restricted to a single 

digital controller, but shall be able to include da ta from all 

other network devices to allow the development of g lobal control 

strategies. 

b.  Provide automatic backup and restore of all digital  controller 

databases on the workstation hard disk. In addition  to all backup 

data, all databases shall be performed while the wo rkstation is 

on-line without disturbing other system operations.   

2.5  PORTABLE OPERATOR’S TERMINAL (POT) 

A.  Provide a portable operator’s terminal (POT) that s hall be capable of 

accessing all system data.  POT may be connected to  any point on the 

system network or may be connected directly to any controller for 

programming, setup, and troubleshooting.  POT shall  communicate using 

BACnet protocol. POT may be connected to any point on the system 

network or it may be connected directly to controll ers using the BACnet 

PTP (Point-To-Point) Data Link/ Physical layer prot ocol. The terminal 

shall use the Read (Initiate) and Write (Execute) B ACnet Services. POT 

shall be an IBM-compatible notebook-style PC includ ing all software and 

hardware required. 

B.  Hardware: POT shall conform to the BACnet Advanced Workstation (B-AWS) 

Profile and shall be BTL-Listed as a B-AWS device. 

1.  POT shall be commercial standard with supporting 32 - or 64-bit 

hardware (as limited by the direct-digital control system software) 

and software enterprise server. Internet Explorer v 6.0 SP1 or 

higher, Windows Script Hosting version 5.6 or highe r, Windows 

Message Queuing, Windows Internet Information Servi ces (IIS) v5.0 or 

higher, minimum 2.8 GHz processor, minimum 500 GB 7 200 rpm SATA hard 

drive with 16 MB cache, minimum 2GB DDR3 SDRAM (min imum 1333 Mhz) 

memory, 512 MB video card, minimum 16 inch (diagona l) screen, 10-

100-1000 Base-TX Ethernet NIC with an RJ45 connecto r or a 100Base-FX 
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Ethernet NIC with an SC/ST connector, 56,600 bps mo dem, an ASCII RS-

232 interface, and a 16 speed high density DVD-RW+/ - optical drive. 

C.  Software: POT shall include software equal to the s oftware on the ECC. 

2.6  BACNET PROTOCOL ANALYZER 

A.  For ease of troubleshooting and maintenance, provid e a BACnet protocol 

analyzer.  Provide its associated fittings, cables and appurtenances, 

for connection to the communications network.  The BACnet protocol 

analyzer shall be able to, at a minimum: capture an d store to a file 

all data traffic on all network levels; measure ban dwidth usage; filter 

out (ignore) selected traffic. 

2.7  NETWORK AND DEVICE NAMING CONVENTION 

A.  Network Numbers 

1.  BACnet network numbers shall be based on a "facilit y code, network" 

concept. The "facility code" is the VAMC’s or VA ca mpus’ assigned 

numeric value assigned to a specific facility or bu ilding. The 

"network" typically corresponds to a "floor" or oth er logical 

configuration within the building. BACnet allows 65 535 network 

numbers per BACnet internet work.  

2.  The network numbers are thus formed as follows: "Ne t #" = "FFFNN" 

where: 

a.  FFF = Facility code (see below) 

b.  NN = 00-99 This allows up to 100 networks per facil ity or 

building 

B.  Device Instances 

1.  BACnet allows 4194305 unique device instances per B ACnet internet 

work. Using Agency's unique device instances are fo rmed as follows: 

"Dev #" = "FFFNNDD" where 

a.  FFF and N are as above and 

b.  DD = 00-99, this allows up to 100 devices per netwo rk. 

2.  Note Special cases, where the network architecture of limiting 

device numbering to DD causes excessive subnet work s. The device 

number can be expanded to DDD and the network numbe r N can become a 

single digit. In NO case shall the network number N  and the device 

number D exceed 4 digits.   

3.  Facility code assignments: 

4.  000-400 Building/facility number 
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5.  Note that some facilities have a facility code with  an alphabetic 

suffix to denote wings, related structures, etc. Th e suffix will be 

ignored. Network numbers for facility codes above 4 00 will be 

assigned in the range 000-399. 

C.  Device Names 

1.  Name the control devices based on facility name, lo cation within a 

facility, the system or systems that the device mon itors and/or 

controls, or the area served. The intent of the dev ice naming is to 

be easily recognized. Names can be up to 254 charac ters in length, 

without embedded spaces. Provide the shortest descr iptive, but 

unambiguous, name. For example, in building #123 pr efix the number 

with a “B” followed by the building number, if ther e is only one 

chilled water pump "CHWP-1", a valid name would be "B123.CHWP. 

1.STARTSTOP". If there are two pumps designated "CH WP-1", one in a 

basement mechanical room (Room 0001) and one in a p enthouse 

mechanical room (Room PH01), the names could be "B1 23.R0001.CHWP.1. 

STARTSTOP" or "B123.RPH01.CHWP.1.STARTSTOP". In the  case of unitary 

controllers, for example a VAV box controller, a na me might be 

"B123.R101.VAV". These names should be used for the  value of the 

"Object_Name" property of the BACnet Device objects  of the 

controllers involved so that the BACnet name and th e EMCS name are 

the same. 

2.8  BACNET DEVICES 

A.  All BACnet Devices – controllers, gateways, routers , actuators and 

sensors shall conform to BACnet Device Profiles and  shall be BACnet 

Testing Laboratories (BTL) -Listed as conforming to  those Device 

Profiles.  Protocol Implementation Conformance Stat ements (PICSs), 

describing the BACnet capabilities of the Devices s hall be published 

and available of the Devices through links in the B TL website. 

1.  BACnet Building Controllers, historically referred to as NACs, shall 

conform to the BACnet B-BC Device Profile, and shal l be BTL-Listed 

as conforming to the B-BC Device Profile.  The Devi ce’s PICS shall 

be submitted. 

2.  BACnet Advanced Application Controllers shall confo rm to the BACnet 

B-AAC Device Profile, and shall be BTL-Listed as co nforming to the 

B-AAC Device Profile.  The Device’s PICS shall be s ubmitted. 
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3.  BACnet Application Specific Controllers shall confo rm to the BACnet 

B-ASC Device Profile and shall be BTL-Listed as con forming to the B-

ASC Device Profile.  The Device’s PICS shall be sub mitted. 

4.  BACnet Smart Actuators shall conform to the BACnet B-SA Device 

Profile and shall be BTL-Listed as conforming to th e B-SA Device 

Profile.  The Device’s PICS shall be submitted. 

5.  BACnet Smart Sensors shall conform to the BACnet B- SS Device Profile 

and shall be BTL-Listed as conforming to the B-SS D evice Profile.  

The Device’s PICS shall be submitted. 

6.  BACnet routers and gateways shall conform to the BA Cnet B-OTH Device 

Profile and shall be BTL-Listed as conforming to th e B-OTH Device 

Profile.  The Device’s PICS shall be submitted. 

2.9  CONTROLLERS 

A.  General. Provide an adequate number of BTL-Listed B -BC building 

controllers and an adequate number of BTL-Listed B- AAC advanced 

application controllers to achieve the performance specified in the 

Part 1 Article on “System Performance.” Each of the se controllers shall 

meet the following requirements.  

1.  The controller shall have sufficient memory to supp ort its operating 

system, database, and programming requirements. 

2.  The building controller shall share data with the E CC and the other 

networked building controllers.  The advanced appli cation controller 

shall share data with its building controller and t he other 

networked advanced application controllers. 

3.  The operating system of the controller shall manage  the input and 

output communication signals to allow distributed c ontrollers to 

share real and virtual object information and allow  for central 

monitoring and alarms. 

4.  Controllers that perform scheduling shall have a re al-time clock. 

5.  The controller shall continually check the status o f its processor 

and memory circuits. If an abnormal operation is de tected, the 

controller shall:  

a.  assume a predetermined failure mode, and 

b.  generate an alarm notification.  

6.  The controller shall communicate with other BACnet devices on the 

internetwork using the BACnet Read (Execute and Ini tiate) and Write 

(Execute and Initiate) Property services.  
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7.  Communication. 

a.  Each controller shall reside on a BACnet network us ing the ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol  for its 

communications. Each building controller also shall  perform 

BACnet routing if connected to a network of custom application 

and application specific controllers. 

b.  The controller shall provide a service communicatio n port using 

BACnet Data Link/Physical layer protocol for connec tion to a 

portable operator’s terminal. 

8.  Keypad. A local keypad and display shall be provide d for each 

controller. The keypad shall be provided for interr ogating and 

editing data. Provide a system security password sh all be available 

to prevent unauthorized use of the keypad and displ ay.  

9.  Serviceability. Provide diagnostic LEDs for power, communication, 

and processor. All wiring connections shall be made  to field-

removable, modular terminal strips or to a terminat ion card 

connected by a ribbon cable. 

10.  Memory. The controller shall maintain all BIOS and programming 

information in the event of a power loss for at lea st 72 hours. 

11.  The controller shall be able to operate at 90% to 1 10% of nominal 

voltage rating and shall perform an orderly shutdow n below 80% 

nominal voltage. Controller operation shall be prot ected against 

electrical noise of 5 to 120 Hz and from keyed radi os up to 5 W at 1 

m (3 ft). 

B.  Provide BTL-Listed B-ASC application specific contr ollers for each 

piece of equipment for which they are constructed.  Application 

specific controllers shall communicate with other B ACnet devices on the 

internetwork using the BACnet Read (Execute) Proper ty service. 

1.  Each B-ASC shall be capable of stand-alone operatio n and shall 

continue to provide control functions without being  connected to the 

network.  

2.  Each B-ASC will contain sufficient I/O capacity to control the 

target system. 

3.  Communication.  

a.  Each controller shall reside on a BACnet network us ing the ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol  for its 

communications. Each building controller also shall  perform 
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BACnet routing if connected to a network of custom application 

and application specific controllers. 

b.  Each controller shall reside on an ARCNET network u sing the ISO 

8802-2 Data Link/Physical layer protocol for its co mmunications. 

c.  Each controller shall have a BACnet Data Link/Physi cal layer 

compatible connection for a laptop computer or a po rtable 

operator’s tool. This connection shall be extended to a space 

temperature sensor port where shown. 

4.  Serviceability. Provide diagnostic LEDs for power, communication, 

and processor. All wiring connections shall be made  to field-

removable, modular terminal strips or to a terminat ion card 

connected by a ribbon cable. 

5.  Memory. The application specific controller shall u se nonvolatile 

memory and maintain all BIOS and programming inform ation in the 

event of a power loss. 

6.  Immunity to power and noise. Controllers shall be a ble to operate at 

90% to 110% of nominal voltage rating and shall per form an orderly 

shutdown below 80%. Operation shall be protected ag ainst electrical 

noise of 5-120 Hz and from keyed radios up to 5 W a t 1 m (3 ft). 

7.  Transformer. Power supply for the ASC must be rated  at a minimum of 

125% of ASC power consumption and shall be of the f used or current 

limiting type. 

C.  Direct Digital Controller Software 

1.  The software programs specified in this section sha ll be 

commercially available, concurrent, multi-tasking o perating system 

and support the use of software application that op erates under DOS 

or Microsoft Windows. 

2.  All points shall be identified by up to 30-characte r point name and 

16-character point descriptor. The same names shall  be used at the 

ECC. 

3.  All control functions shall execute within the stan d-alone control 

units via DDC algorithms. The VA shall be able to c ustomize control 

strategies and sequences of operations defining the  appropriate 

control loop algorithms and choosing the optimum lo op parameters.  

4.  All controllers shall be capable of being programme d to utilize 

stored default values for assured fail-safe operati on of critical 

processes. Default values shall be invoked upon sen sor failure or, 
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if the primary value is normally provided by the ce ntral or another 

CU, or by loss of bus communication. Individual app lication software 

packages shall be structured to assume a fail-safe condition upon 

loss of input sensors. Loss of an input sensor shal l result in 

output of a sensor-failed message at the ECC. Each ACU and RCU shall 

have capability for local readouts of all functions . The UCUs shall 

be read remotely. 

5.  All DDC control loops shall be able to utilize any of the following 

control modes: 

a.  Two position (on-off, slow-fast) control. 

b.  Proportional control. 

c.  Proportional plus integral (PI) control. 

d.  Proportional plus integral plus derivative (PID) co ntrol. All PID 

programs shall automatically invoke integral wind u p prevention 

routines whenever the controlled unit is off, under  manual 

control of an automation system or time initiated p rogram. 

e.  Automatic tuning of control loops. 

6.  System Security: Operator access shall be secured u sing individual 

password and operator’s name. Passwords shall restr ict the operator 

to the level of object, applications, and system fu nctions assigned 

to him. A minimum of six (6) levels of security for  operator access 

shall be provided.  

7.  Application Software: The controllers shall provide  the following 

programs as a minimum for the purpose of optimizing  energy 

consumption while maintaining comfortable environme nt for occupants. 

All application software shall reside and run in th e system digital 

controllers. Editing of the application shall occur  at the ECC or 

via a portable operator’s terminal, when it is nece ssary, to access 

directly the programmable unit. 

a.  Power Demand Limiting (PDL): Power demand limiting program shall 

monitor the building power consumption and limit th e consumption 

of electricity to prevent peak demand charges. PDL shall 

continuously track the electricity consumption from  a pulse input 

generated at the kilowatt-hour/demand electric mete r. PDL shall 

sample the meter data to continuously forecast the electric 

demand likely to be used during successive time int ervals. If the 

forecast demand indicates that electricity usage wi ll likely to 
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exceed a user preset maximum allowable level, then PDL shall 

automatically shed electrical loads. Once the deman d load has 

met, loads that have been shed shall be restored an d returned to 

normal mode. Control system shall be capable of dem and limiting 

by resetting the HVAC system set points to reduce l oad while 

maintaining indoor air quality. 

b.  Not Used  

c.  Night Setback/Morning Warm up Control: The system s hall provide 

the ability to automatically adjust set points for this mode of 

operation.  

d.  Optimum Start/Stop (OSS): Optimum start/stop progra m shall 

automatically be coordinated with event scheduling.   The OSS 

program shall start HVAC equipment at the latest po ssible time 

that will allow the equipment to achieve the desire d zone 

condition by the time of occupancy, and it shall al so shut down 

HVAC equipment at the earliest possible time before  the end of 

the occupancy period and still maintain desired com fort 

conditions.  The OSS program shall consider both ou tside weather 

conditions and inside zone conditions.  The program  shall 

automatically assign longer lead times for weekend and holiday 

shutdowns.  The program shall poll all zones served  by the 

associated AHU and shall select the warmest and coo lest zones.  

These shall be used in the start time calculation.  It shall be 

possible to assign occupancy start times on a per a ir handler 

unit basis.  The program shall meet the local code requirements 

for minimum outdoor air while the building is occup ied.  

Modification of assigned occupancy start/stop times  shall be 

possible via the ECC. 

e.  Event Scheduling: Provide a comprehensive menu driv en program to 

automatically start and stop designated points or a  group of 

points according to a stored time. This program sha ll provide the 

capability to individually command a point or group  of points. 

When points are assigned to one common load group i t shall be 

possible to assign variable time advances/delays be tween each 

successive start or stop within that group. Schedul ing shall be 

calendar based and advance schedules may be defined  up to one 

year in advance. Advance schedule shall override th e day-to-day 
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schedule. The operator shall be able to define the following 

information: 

1.)  Time, day. 

2.)  Commands such as on, off, auto. 

3.)  Time delays between successive commands. 

4.)  Manual overriding of each schedule. 

5.)  Allow operator intervention. 

f.  Alarm Reporting: The operator shall be able to dete rmine the 

action to be taken in the event of an alarm. Alarms  shall be 

routed to the ECC based on time and events. An alar m shall be 

able to start programs, login the event, print and display the 

messages. The system shall allow the operator to pr ioritize the 

alarms to minimize nuisance reporting and to speed operator’s 

response to critical alarms. A minimum of six (6) p riority levels 

of alarms shall be provided for each point. 

g.  Remote Communications: The system shall have the ab ility to dial 

out in the event of an alarm to the ECC and alpha-n umeric pagers. 

The alarm message shall include the name of the cal ling location, 

the device that generated the alarm, and the alarm message 

itself. The operator shall be able to remotely acce ss and operate 

the system using dial up communications. Remote acc ess shall 

allow the operator to function the same as local ac cess. 

h.  Maintenance Management (PM): The program shall moni tor equipment 

status and generate maintenance messages based upon  the operators 

defined equipment run time, starts, and/or calendar  date limits. 

A preventative maintenance alarm shall be printed i ndicating 

maintenance requirements based on pre-defined run t ime. Each 

preventive message shall include point description,  limit 

criteria and preventative maintenance instruction a ssigned to 

that limit. A minimum of 480-character PM shall be provided for 

each component of units such as air handling units.   

i.  Not Used  

2.10  SPECIAL CONTROLLERS – NOT USED 

2.11  SENSORS (AIR, WATER AND STEAM) 

A.  Sensors’ measurements shall be read back to the DDC  system and shall be 

visible by the ECC. 
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B.  Temperature and Humidity Sensors shall be electroni c, vibration and 

corrosion resistant for wall, immersion, and/or duc t mounting. Provide 

all remote sensors as required for the systems. 

1.  Temperature Sensors: thermistor type for terminal u nits and 

Resistance Temperature Device (RTD) with an integra l transmitter 

type for all other sensors. 

a.  Duct sensors shall be rigid or averaging type as sh own on 

drawings. Averaging sensor shall be a minimum of 1 linear ft of 

sensing element for each sq ft of cooling coil face  area. 

b.  Immersion sensors shall be provided with a separabl e well made of 

stainless steel, bronze or monel material. Pressure  rating of 

well is to be consistent with the system pressure i n which it is 

to be installed. 

c.  Space sensors shall be equipped with in-space User set-point 

adjustment, override switch, numerical temperature display on 

sensor cover, and communication port. Match room th ermostats.  

Provide a tooled-access cover. 

1.)  Public space sensor: setpoint adjustment shall be o nly 

through the ECC or through the DDC system’s diagnos tic 

device/laptop.  Do not provide in-space User set-po int 

adjustment.  Provide an opaque keyed-entry cover if  needed 

to restrict in-space User set-point adjustment. 

2.)  Not Used  

d.  Outdoor air temperature sensors shall have watertig ht inlet 

fittings and be shielded from direct sunlight. 

e.  Room security sensors shall have stainless steel co ver plate with 

insulated back and security screws. 

f.  Wire: Twisted, shielded-pair cable. 

g.  Output Signal: 4-20 ma. 

2.  Humidity Sensors: Bulk polymer sensing element type . 

a.  Duct and room sensors shall have a sensing range of  20 to 80 

percent with accuracy of ± 2 to ± 5 percent RH, including 

hysteresis, linearity, and repeatability.  

b.  Outdoor humidity sensors shall be furnished with el ement guard 

and mounting plate and have a sensing range of 0 to  100 percent 

RH.  

c.  4-20 ma continuous output signal. 
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C.  Static Pressure Sensors: Non-directional, temperatu re compensated.  

1.  4-20 ma output signal. 

2.  0 to 5 inches wg for duct static pressure range. 

3.  0 to 0.25 inch wg for Building static pressure rang e. 

D.  Water flow sensors: 

1.  Type:  Insertion vortex type with retractable probe  assembly and 2 

inch full port gate valve. 

a.  Pipe size: 3 to 24 inches. 

b.  Retractor:  ASME threaded, non-rising stem type wit h hand wheel. 

c.  Mounting connection:  2 inch 150 PSI flange.  

d.  Sensor assembly:  Design for expected water flow an d pipe size. 

e.  Seal: Teflon (PTFE). 

2.  Controller:  

a.  Integral to unit. 

b.  Locally display flow rate and total. 

c.  Output flow signal to BMCS:  Digital pulse type. 

3.  Performance: 

a.  Turndown: 20:1 

b.  Response time: Adjustable from 1 to 100 seconds. 

c.  Power: 24 volt DC 

4.  Install flow meters according to manufacturer’s rec ommendations. 

Where recommended by manufacturer because of mounti ng conditions, 

provide flow rectifier. 

E.  Water Flow Sensors: shall be insertion turbine type  with turbine 

element, retractor and preamplifier/transmitter mou nted on a two-inch 

full port isolation valve; assembly easily removed or installed as a 

single unit under line pressure through the isolati on valve without 

interference with process flow; calibrated scale sh all allow precise 

positioning of the flow element to the required ins ertion depth within 

plus or minute 1 mm (0.05 inch); wetted parts shall  be constructed of 

stainless steel. Operating power shall be nominal 2 4 VDC. Local 

instantaneous flow indicator shall be LED type in N EMA 4 enclosure with 

3-1/2 digit display, for wall or panel mounting. 

1.  Performance characteristics: 

a.  Ambient conditions: -40 °C to 60 °C (-40 °F to 140 °F), 5 to 100% 

humidity. 
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b.  Operating conditions: 850 kPa (125 psig), 0 °C to 120 °C (30 °F to 

250 °F), 0.15 to 12 m per second (0.5 to 40 feet per sec ond) 

velocity. 

c.  Nominal range (turn down ratio): 10 to 1. 

d.  Preamplifier mounted on meter shall provide 4-20 ma  divided pulse 

output or switch closure signal for units of volume  or mass per a 

time base. Signal transmission distance shall be a minimum of 

1,800 meters (6,000 feet).  

e.  Pressure Loss: Maximum 1 percent of the line pressu re in line 

sizes above 100 mm (4 inches). 

f.  Ambient temperature effects, less than 0.005 percen t calibrated 

span per °C ( °F) temperature change. 

g.  RFI effect - flow meter shall not be affected by RF I. 

h.  Power supply effect less than 0.02 percent of span for a 

variation of plus or minus 10 percent power supply.   

F.  Steam Flow Sensor/Transmitter: 

1.  Sensor: Vortex shedder incorporating wing type sens or and 

amplification technology for high signal-to-noise r atio, carbon 

steel body with 316 stainless steel working parts, 24 VDC power, 

NEMA 4 enclosure. 

a.  Ambient conditions, -40 °C to 80 °C (-40 °F to 175 °F). 

b.  Process conditions, 900 kPa (125 psig) saturated st eam. 

c.  Turn down ratio, 20 to 1. 

d.  Output signal, 4-20 ma DC. 

e.  Processor/Transmitter, NEMA 4 enclosure with keypad  program 

selector and six digit LCD output display of instan taneous flow 

rate or totalized flow, solid state switch closure signal shall 

be provided to the nearest DDC panel for totalizati on.  

1.)  Ambient conditions, -20 °C to 50 °C (0 °F-120 °F), 0 95 percent 

non-condensing RH. 

2.)  Power supply, 120 VAC, 60 hertz or 24 VDC. 

3.)  Internal battery provided for 24-month retention of  RAM 

contents when all other power sources are removed. 

f.  Sensor on all steam lines shall be protected by pig tail siphons 

installed between the sensor and the line and shall  have an 

isolation valve installed between the sensor and pr essure source. 
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G.  Flow switches: 

1.  Shall be either paddle or differential pressure typ e. 

a.  Paddle-type switches (liquid service only) shall be  UL Listed, 

SPDT snap-acting, adjustable sensitivity with NEMA 4 enclosure. 

b.  Differential pressure type switches (air or water s ervice) shall 

be UL listed, SPDT snap acting, NEMA 4 enclosure, w ith scale 

range and differential suitable for specified appli cation.  

H.  Current Switches: Current operated switches shall b e self powered, 

solid state with adjustable trip current as well as  status, power, and 

relay command status LED indication. The switches s hall be selected to 

match the current of the application and output req uirements of the DDC 

systems. 

2.12  CONTROL CABLES 

A.  General: 

1.  Ground cable shields, drain conductors, and equipme nt to eliminate 

shock hazard and to minimize ground loops, common-m ode returns, 

noise pickup, cross talk, and other impairments.  C omply with 

Sections 27 05 26 and 26 05 26. 

2.  Cable conductors to provide protection against indu ction in 

circuits. Crosstalk attenuation within the System s hall be in excess 

of -80 dB throughout the frequency ranges specified . 

3.  Minimize the radiation of RF noise generated by the  System equipment 

so as not to interfere with any audio, video, data,  computer main 

distribution frame (MDF), telephone customer servic e unit (CSU), and 

electronic private branch exchange (EPBX) equipment  the System may 

service. 

4.  The as-installed drawings shall identify each cable  as labeled, used 

cable, and bad cable pairs.  

5.  Label system’s cables on each end.  Test and certif y cables in 

writing to the VA before conducting proof-of-perfor mance testing.  

Minimum cable test requirements are for impedance c ompliance, 

inductance, capacitance, signal level compliance, o pens, shorts, 

cross talk, noise, and distortion, and split pairs on all cables in 

the frequency ranges used. Make available all cable  installation and 

test records at demonstration to the VA. All change s (used pair, 

failed pair, etc.) shall be posted in these records  as the change 

occurs. 
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6.  Power wiring shall not be run in conduit with commu nications trunk 

wiring or signal or control wiring operating at 100  volts or less.  

B.  Analogue control cabling shall be not less than No.  18 AWG solid, with 

thermoplastic insulated conductors. 

C.  Copper digital communication cable between the ECC and the B-BC and B-

AAC controllers shall be 100BASE-TX Ethernet, Categ ory 5e or 6, not 

less than minimum 24 American Wire Gauge (AWG) soli d, Shielded Twisted 

Pair (STP) or Unshielded Twisted Pair (UTP), with t hermoplastic 

insulated conductors, enclosed in a thermoplastic o uter jacket, as 

specified in Section 27 15 00. 

1.  Other types of media commonly used within IEEE Std 802.3 LANs (e.g., 

10Base-T and 10Base-2) shall be used only in cases to interconnect 

with existing media. 

D.  Optical digital communication fiber, if used, shall  be Multimode or 

Singlemode fiber, 62.5/125 micron for multimode or 10/125 micron for 

singlemode micron with SC or ST connectors as speci fied in TIA-568-C.1.  

Terminations, patch panels, and other hardware shal l be compatible with 

the specified fiber and shall be as specified in Se ction 27 15 00.   

Fiber-optic cable shall be suitable for use with th e 100Base-FX or the 

100Base-SX standard (as applicable) as defined in I EEE Std 802.3. 

2.13  THERMOSTATS AND HUMIDISTATS 

A.  Room thermostats controlling unitary standalone hea ting and cooling 

devices not connected to the DDC system shall have three modes of 

operation (heating - null or dead band - cooling). Thermostats for 

patient bedrooms shall have capability of being adj usted to eliminate 

null or dead band. Wall mounted thermostats shall h ave polished or 

brushed aluminum finish, setpoint range and tempera ture display and 

external adjustment: 

1.  Electronic Thermostats: Solid-state, microprocessor  based, 

programmable to daily, weekend, and holiday schedul es. 

a.  Public Space Thermostat: Public space thermostat sh all have a 

thermistor sensor and shall not have a visible mean s of set point 

adjustment. Adjustment shall be via the digital con troller to 

which it is connected.  

b.  Not Used 

c.  Not Used  

d.  Battery replacement without program loss.  
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B.  Strap-on thermostats shall be enclosed in a dirt-an d-moisture proof 

housing with fixed temperature switching point and single pole, double 

throw switch. 

C.  Freezestats shall have a minimum of 300 mm (one lin ear foot) of sensing 

element for each 0.093 square meter (one square foo t) of coil area. A 

freezing condition at any increment of 300 mm (one foot) anywhere along 

the sensing element shall be sufficient to operate the thermostatic 

element.  Freezestats shall be manually-reset. 

D.  Room Humidistats: Provide fully proportioning humid istat with 

adjustable throttling range for accuracy of setting s and conservation. 

The humidistat shall have set point scales shown in  percent of relative 

humidity located on the instrument. Systems showing  moist/dry or 

high/low are not acceptable. 

2.14  FINAL CONTROL ELEMENTS AND OPERATORS 

A.  Fail Safe Operation: Control valves and dampers sha ll provide "fail 

safe" operation in either the normally open or norm ally closed position 

as required for freeze, moisture, and smoke or fire  protection. 

B.  Spring Ranges: Range as required for system sequenc ing and to provide 

tight shut-off. 

C.  Power Operated Control Dampers (other than VAV Boxe s): Factory 

fabricated, balanced type dampers. All modulating d ampers shall be 

opposed blade type and gasketed. Blades for two-pos ition, duct-mounted 

dampers shall be parallel, airfoil (streamlined) ty pe for minimum noise 

generation and pressure drop. 

1.  Leakage:  Except as specified in subparagraph 2 bel ow, maximum 

leakage in closed position shall not exceed 7 L/S ( 15 CFMs) 

differential pressure for outside air and exhaust d ampers and 200 

L/S/ square meter (40 CFM/sq. ft.) at 50 mm (2 inch es) differential 

pressure for other dampers. 

2.  Frame shall be galvanized steel channel with seals as required to 

meet leakage criteria. 

3.  Blades shall be galvanized steel or aluminum, 200 m m (8 inch) 

maximum width, with edges sealed as required.  

4.  Bearing shall be nylon, bronze sleeve or ball type.  

5.  Hardware shall be zinc-plated steel. Connected rods  and linkage 

shall be non-slip. Working parts of joints shall be  brass, bronze, 

nylon or stainless steel. 
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6.  Maximum air velocity and pressure drop through free  area the 

dampers: 

a.  Smoke damper in air handling unit: 305 meter per mi nute (1000 

fpm). 

b.  Duct mounted damper: 600 meter per minute (2000 fpm ).  

c.  Maximum static pressure loss: 50 Pascal (0.20 inche s water gage). 

D.  Smoke Dampers and Combination Fire/Smoke Dampers:  Dampers and 

operators are specified in Section 23 31 00, HVAC D UCTS AND CASINGS.  

Control of these dampers is specified under this Se ction. 

E.  Control Valves:  

1.  Valves shall be rated for a minimum of 150 percent of system 

operating pressure at the valve location but not le ss than 900 kPa 

(125 psig). 

2.  Valves 50 mm (2 inches) and smaller shall be bronze  body with 

threaded or flare connections. 

3.  Valves 60 mm (2 1/2 inches) and larger shall be bro nze or iron body 

with flanged connections. 

4.  Brass or bronze seats except for valves controlling  media above 100 

degrees C (210 degrees F), which shall have stainle ss steel seats. 

5.  Flow characteristics: 

a.  Three way modulating valves shall be globe pattern.   Position 

versus flow relation shall be linear relation for s team or equal 

percentage for water flow control. 

b.  Two-way modulating valves shall be globe pattern.  Position 

versus flow relation shall be linear for steam and equal 

percentage for water flow control. 

c.  Two-way 2-position valves shall be ball, gate or bu tterfly type.   

6.  Maximum pressure drop: 

a.  Two position steam control: 20 percent of inlet gau ge pressure. 

b.  Modulating Steam Control: 80 percent of inlet gauge  pressure 

(acoustic velocity limitation). 

c.  Modulating water flow control, greater of 3 meters (10 feet) of 

water or the pressure drop through the apparatus. 

7.  Two position water valves shall be line size. 

F.  Damper and Valve Operators and Relays: 

1.  Not Used 



09-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 09 23 - 55 

2.  Electric operator shall provide full modulating con trol of dampers 

and valves. A linkage and pushrod shall be furnishe d for mounting 

the actuator on the damper frame internally in the duct or 

externally in the duct or externally on the duct wa ll or shall be 

furnished with a direct-coupled design.  Metal part s shall be 

aluminum, mill finish galvanized steel, or zinc pla ted steel or 

stainless steel.  Provide actuator heads which allo w for electrical 

conduit attachment.  The motors shall have sufficie nt closure torque 

to allow for complete closure of valve or damper un der pressure.  

Provide multiple motors as required to achieve suff icient close-off 

torque. 

a.  Minimum valve close-off pressure shall be equal to the system 

pump’s dead-head pressure, minimum 50 psig for valv es smaller 

than 4 inches. 

3.  Electronic damper operators:  Metal parts shall be aluminum, mill 

finish galvanized steel, or zinc plated steel or st ainless steel.  

Provide actuator heads which allow for electrical c onduit 

attachment. The motors shall have sufficient closur e torque to allow 

for complete closure of valve or damper under press ure.  Provide 

multiple motors as required to achieve sufficient c lose-off torque. 

a.  VAV Box actuator shall be mounted on the damper axl e or shall be 

of the air valve design and shall provide complete modulating 

control of the damper. The motor shall have a closu re torque of 

35-inch pounds minimum with full torque applied at close off to 

attain minimum leakage. 

4.  See drawings for required control operation. 

2.15  AIR FLOW CONTROL – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  General: 

1.  Examine project plans for control devices and equip ment locations; 

and report any discrepancies, conflicts, or omissio ns to COR for 

resolution before proceeding for installation. 

2.  Install equipment, piping, wiring /conduit parallel  to or at right 

angles to building lines. 
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3.  Install all equipment and piping in readily accessi ble locations. Do 

not run tubing and conduit concealed under insulati on or inside 

ducts. 

4.  Mount control devices, tubing and conduit located o n ducts and 

apparatus with external insulation on standoff supp ort to avoid 

interference with insulation. 

5.  Provide sufficient slack and flexible connections t o allow for 

vibration of piping and equipment. 

6.  Run tubing and wire connecting devices on or in con trol cabinets 

parallel with the sides of the cabinet neatly racke d to permit 

tracing.  

7.  Install equipment level and plum. 

B.  Electrical Wiring Installation: 

1.  All wiring cabling shall be installed in conduits.  Install conduits 

and wiring in accordance with Specification Section  26 05 33, 

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS.  Conduits  carrying control 

wiring and cabling shall be dedicated to the contro l wiring and 

cabling: these conduits shall not carry power wirin g.  Provide 

plastic end sleeves at all conduit terminations to protect wiring 

from burrs. 

2.  Install analog signal and communication cables in c onduit and in 

accordance with Specification Section 26 05 19.  In stall digital 

communication cables in conduit and in accordance w ith Specification 

Section 27 15 00, Communications Horizontal Cabling . 

3.  Install conduit and wiring between operator worksta tion(s), digital 

controllers, electrical panels, indicating devices,  instrumentation, 

miscellaneous alarm points, thermostats, and relays  as shown on the 

drawings or as required under this section.  

4.  Install all electrical work required for a fully fu nctional system 

and not shown on electrical plans or required by el ectrical 

specifications.  Where low voltage (less than 50 vo lt) power is 

required, provide suitable Class B transformers. 

5.  Install all system components in accordance with lo cal Building Code 

and National Electric Code. 

a.  Splices: Splices in shielded and coaxial cables sha ll consist of 

terminations and the use of shielded cable couplers . Terminations 
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shall be in accessible locations. Cables shall be h arnessed with 

cable ties. 

b.  Equipment: Fit all equipment contained in cabinets or panels with 

service loops, each loop being at least 300 mm (12 inches) long. 

Equipment for fiber optics system shall be rack mou nted, as 

applicable, in ventilated, self-supporting, code ga uge steel 

enclosure. Cables shall be supported for minimum sa g. 

c.  Cable Runs: Keep cable runs as short as possible. A llow extra 

length for connecting to the terminal board. Do not  bend flexible 

coaxial cables in a radius less than ten times the cable outside 

diameter. 

d.  Use vinyl tape, sleeves, or grommets to protect cab les from 

vibration at points where they pass around sharp co rners, through 

walls, panel cabinets, etc. 

6.  Conceal cables, except in mechanical rooms and area s where other 

conduits and piping are exposed. 

7.  Permanently label or code each point of all field t erminal strips to 

show the instrument or item served. Color-coded cab le with cable 

diagrams may be used to accomplish cable identifica tion. 

8.  Grounding: ground electrical systems per manufactur er’s written 

requirements for proper and safe operation. 

C.  Install Sensors and Controls: 

1.  Temperature Sensors: 

a.  Install all sensors and instrumentation according t o 

manufacturer’s written instructions. Temperature se nsor locations 

shall be readily accessible, permitting quick repla cement and 

servicing of them without special skills and tools.  

b.  Calibrate sensors to accuracy specified, if not fac tory 

calibrated. 

c.  Use of sensors shall be limited to its duty, e.g., duct sensor 

shall not be used in lieu of room sensor. 

d.  Install room sensors permanently supported on wall frame. They 

shall be mounted at 1.5 meter (5.0 feet) above the finished 

floor.  

e.  Mount sensors rigidly and adequately for the enviro nment within 

which the sensor operates.  Separate extended-bulb sensors form 

contact with metal casings and coils using insulate d standoffs. 
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f.  Sensors used in mixing plenum, and hot and cold dec ks shall be of 

the averaging of type. Averaging sensors shall be i nstalled in a 

serpentine manner horizontally across duct. Each be nd shall be 

supported with a capillary clip. 

g.  All pipe mounted temperature sensors shall be insta lled in wells. 

h.  All wires attached to sensors shall be air sealed i n their 

conduits or in the wall to stop air transmitted fro m other areas 

affecting sensor reading.  

i.  Permanently mark terminal blocks for identification . Protect all 

circuits to avoid interruption of service due to sh ort-circuiting 

or other conditions. Line-protect all wiring that c omes from 

external sources to the site from lightning and sta tic 

electricity. 

2.  Pressure Sensors: 

a.  Install duct static pressure sensor tips facing dir ectly 

downstream of airflow.  

b.  Install high-pressure side of the differential swit ch between the 

pump discharge and the check valve. 

c.  Install snubbers and isolation valves on steam pres sure sensing 

devices.  

3.  Actuators: 

a.  Mount and link damper and valve actuators according  to 

manufacturer’s written instructions. 

b.  Check operation of damper/actuator combination to c onfirm that 

actuator modulates damper smoothly throughout strok e to both open 

and closed position. 

c.  Check operation of valve/actuator combination to co nfirm that 

actuator modulates valve smoothly in both open and closed 

position.  

4.  Flow Switches: 

a.  Install flow switch according to manufacturer’s wri tten 

instructions. 

b.  Mount flow switch a minimum of 5 pipe diameters up stream and 5 

pipe diameters downstream or 600 mm (2 feet) whiche ver is 

greater, from fittings and other obstructions. 

c.  Assure correct flow direction and alignment. 

d.  Mount in horizontal piping-flow switch on top of th e pipe. 
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D.  Installation of network: 

1.  Ethernet: 

a.  The network shall employ Ethernet LAN architecture,  as defined by 

IEEE 802.3. The Network Interface shall be fully In ternet 

Protocol (IP) compliant allowing connection to curr ently 

installed IEEE 802.3, Compliant Ethernet Networks. 

b.  The network shall directly support connectivity to a variety of 

cabling types.  As a minimum provide the following connectivity: 

100 Base TX (Category 5e cabling) for the communica tions between 

the ECC and the B-BC and the B-AAC controllers. 

2.  Third party interfaces: Contractor shall integrate real-time data 

from building systems by other trades and databases  originating from 

other manufacturers as specified and required to ma ke the system 

work as one system.  

E.  Installation of digital controllers and programming : 

1.  Provide a separate digital control panel for each m ajor piece of 

equipment, such as air handling unit, chiller, pump ing unit etc. 

Points used for control loop reset such as outdoor air, outdoor 

humidity, or space temperature could be located on any of the remote 

control units. 

2.  Provide sufficient internal memory for the specifie d control 

sequences and trend logging. There shall be a minim um of 25 percent 

of available memory free for future use. 

3.  System point names shall be modular in design, perm itting easy 

operator interface without the use of a written poi nt index. 

4.  Provide software programming for the applications i ntended for the 

systems specified and adhere to the strategy algori thms provided.  

5.  Provide graphics for each piece of equipment and fl oor plan in the 

building. This includes each chiller, cooling tower , air handling 

unit, fan, terminal unit, boiler, pumping unit etc.  These graphics 

shall show all points dynamically as specified in t he point list. 

3.2  SYSTEM VALIDATION AND DEMONSTRATION 

A.  As part of final system acceptance, a system demons tration is required 

(see below).  Prior to start of this demonstration,  the contractor is 

to perform a complete validation of all aspects of the controls and 

instrumentation system. 

B.  Validation 
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1.  Prepare and submit for approval a validation test p lan including 

test procedures for the performance verification te sts.  Test Plan 

shall address all specified functions of the ECC an d all specified 

sequences of operation.  Explain in detail actions and expected 

results used to demonstrate compliance with the req uirements of this 

specification.  Explain the method for simulating t he necessary 

conditions of operation used to demonstrate perform ance of the 

system.  Test plan shall include a test check list to be used by the 

Installer’s agent to check and initial that each te st has been 

successfully completed.  Deliver test plan document ation for the 

performance verification tests to the owner’s repre sentative 30 days 

prior to start of performance verification tests.  Provide draft 

copy of operation and maintenance manual with perfo rmance 

verification test. 

2.  After approval of the validation test plan, install er shall carry 

out all tests and procedures therein.  Installer sh all completely 

check out, calibrate, and test all connected hardwa re and software 

to ensure that system performs in accordance with a pproved 

specifications and sequences of operation submitted .  Installer 

shall complete and submit Test Check List. 

C.  Demonstration 

1.  System operation and calibration to be demonstrated  by the installer 

in the presence of the Architect or VA's representa tive on random 

samples of equipment as dictated by the Architect o r VA’s 

representative.  Should random sampling indicate im proper 

commissioning, the owner reserves the right to subs equently witness 

complete calibration of the system at no addition c ost to the VA. 

2.  Demonstrate to authorities that all required safeti es and life 

safety functions are fully functional and complete.  

3.  Make accessible, personnel to provide necessary adj ustments and 

corrections to systems as directed by balancing age ncy. 

4.  The following witnessed demonstrations of field con trol equipment 

shall be included: 

a.  Observe HVAC systems in shut down condition. Check dampers and 

valves for normal position. 
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b.  Test application software for its ability to commun icate with 

digital controllers, operator workstation, and uplo ading and 

downloading of control programs. 

c.  Demonstrate the software ability to edit the contro l program off-

line. 

d.  Demonstrate reporting of alarm conditions for each alarm and 

ensure that these alarms are received at the assign ed location, 

including operator workstations. 

e.  Demonstrate ability of software program to function  for the 

intended applications-trend reports, change in stat us etc. 

f.  Demonstrate via graphed trends to show the sequence  of operation 

is executed in correct manner, and that the HVAC sy stems operate 

properly through the complete sequence of operation , e.g., 

seasonal change, occupied/unoccupied mode, and warm -up condition. 

g.  Demonstrate hardware interlocks and safeties functi ons, and that 

the control systems perform the correct sequence of  operation 

after power loss and resumption of power loss. 

h.  Prepare and deliver to the VA graphed trends of all  control loops 

to demonstrate that each control loop is stable and  the set 

points are maintained.  

i.  Demonstrate that each control loop responds to set point 

adjustment and stabilizes within one (1) minute. Co ntrol loop 

trend data shall be instantaneous and the time betw een data 

points shall not be greater than one (1) minute.  

5.  Witnessed demonstration of ECC functions shall cons ist of: 

a.  Running each specified report. 

b.  Display and demonstrate each data entry to show sit e specific 

customizing capability.  Demonstrate parameter chan ges. 

c.  Step through penetration tree, display all graphics , demonstrate 

dynamic update, and direct access to graphics. 

d.  Execute digital and analog commands in graphic mode . 

e.  Demonstrate DDC loop precision and stability via tr end logs of 

inputs and outputs (6 loops minimum). 

f.  Demonstrate EMS performance via trend logs and comm and trace. 

g.  Demonstrate scan, update, and alarm responsiveness.  

h.  Demonstrate spreadsheet/curve plot software, and it s integration 

with database. 
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i.  Demonstrate on-line user guide and help function an d mail 

facility. 

j.  Demonstrate digital system configuration graphics w ith 

interactive upline and downline load and demonstrat e specified 

diagnostics. 

k.  Demonstrate multitasking by showing dynamic curve p lot, and 

graphic construction operating simultaneously via s plit screen. 

l.  Demonstrate class programming with point options of  beep 

duration, beep rate, alarm archiving, and color ban ding. 

----- END ----- 
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SECTION 23 21 13 
HYDRONIC PIPING 

 

PART 1 - GENERAL 

1.1  DESCRIPTION 

A.  Water piping to connect HVAC equipment, including t he following: 

1.  Chilled water, heating hot water and drain piping. 

2.  Extension of domestic water make-up piping for HVAC  systems. 

3.  Glycol-water piping. 

B.  A complete listing of common acronyms and abbreviat ions are included in 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Not Used 

F.  Not Used  

G.  Not Used  

H.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC: Gen eral mechanical 

requirements and items, which are common to more th an one section of 

Division 23. 

I.  Section 23 05 41, NOISE AND VIBRATION CONTROL FOR H VAC PIPING AND 

EQUIPMENT. 

J.  Section 23 07 11, HVAC AND BOILER PLANT INSULATION:  Piping insulation. 

K.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

L.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC: Temperature 

and pressure sensors and valve operators. 

M.  Section 23 21 23, HYDRONIC PUMPS: Pumps. 

N.  Section 23 22 13, STEAM AND CONDENSATE HEATING PIPI NG. 

O.  Section 23 25 00, HVAC WATER TREATMENT: Water treat ment for open and 

closed systems. 

P.  Section 23 82 00, CONVECTION HEATING AND COOLING UN ITS: VAV and CV 

units, fan coil units, and radiant ceiling panels. 

Q.  Not Used  
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1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. Where conflicts occur these  specifications and 

the VHA standard will govern. 

B.  American Society of Mechanical Engineers (ASME): 

B1.20.1-2013............Pipe Threads, General Purpo se (Inch) 

B16.3-2011..............Malleable Iron Threaded Fit tings: Classes 150 

and 300 

B16.4-2011..............Gray Iron Threaded Fittings : (Classes 125 and 

250) 

B16.5-2013..............Pipe Flanges and Flanged Fi ttings: NPS 1/2 

through NPS 24 Metric/Inch Standard 

B16.9-2012..............Factory Made Wrought Buttwe lding Fittings 

B16.11-2011.............Forged Fittings, Socket-Wel ding and Threaded 

B16.18-2012.............Cast Copper Alloy Solder Jo int Pressure 

Fittings 

B16.22-2013.............Wrought Copper and Copper A lloy Solder-Joint 

Pressure Fittings 

B16.24-2011.............Cast Copper Alloy Pipe Flan ges and Flanged 

Fittings: Classes 150, 300, 600, 900, 1500, and 

2500 

B16.39-2014.............Malleable Iron Threaded Pip e Unions: Classes 

150, 250, and 300 

B16.42-06...............Ductile Iron Pipe Flanges a nd Flanged Fittings 

B31.9-2014..............Building Services Piping 

B40.100-2013............Pressure Gauges and Gauge A ttachments 

ASME Boiler and Pressure Vessel Code: 

BPVC Section VIII-2015..Rules for Construction of P ressure Vessels 

C.  American Society for Testing and Materials (ASTM): 

A47/A47M-1999 (R2014)...Standard Specification for Ferritic Malleable 

Iron Castings 

A53/A53M-2012...........Standard Specification for Pipe, Steel, Black 

and Hot-Dipped, Zinc-Coated, Welded and 

Seamless 

A106/A106M-2015.........Standard Specification for Seamless Carbon 

Steel Pipe for High-Temperature Service 
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A126-2004 (R2014).......Standard Specification for Gray Iron Castings 

for Valves, Flanges, and Pipe Fittings 

A183-2014...............Standard Specification for Carbon Steel Track 

Bolts and Nuts 

A216/A216M-2014e1.......Standard Specification for Steel Castings, 

Carbon, Suitable for Fusion Welding, for High-

Temperature Service 

A307-2014...............Standard Specification for Carbon Steel Bolts, 

Studs, and Threaded Rod 60,000 PSI Tensile 

Strength 

A536-1984 (R2014).......Standard Specification for Ductile Iron 

Castings 

B62-2015................Standard Specification for Composition Bronze 

or Ounce Metal Castings 

B88-2014................Standard Specification for Seamless Copper 

Water Tube 

F439-2013...............Standard Specification for Chlorinated Poly 

(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, 

Schedule 80 

F441/F441M-2015.........Standard Specification for Chlorinated Poly 

(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 

40 and 80 

D.  American Welding Society (AWS): 

B2.1/B2.1M-2014.........Standard for Welding Proced ure and Performance 

Specification 

E.  Expansion Joint Manufacturer’s Association, Inc. (E JMA): 

EJMA....................Expansion Joint Manufacture r’s Association 

Standards, Tenth Edition 

F.  Manufacturers Standardization Society (MSS) of the Valve and Fitting 

Industry, Inc.: 

SP-67-2011..............Butterfly Valves 

SP-70-2011..............Gray Iron Gate Valves, Flan ged and Threaded 

Ends 

SP-71-2011..............Gray Iron Swing Check Valve s, Flanged and 

Threaded Ends 

SP-80-2013..............Bronze Gate, Globe, Angle, and Check Valves 
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SP-85-2011..............Gray Iron Globe and Angle V alves, Flanged and 

Threaded Ends 

SP-110-2010.............Ball Valves Threaded, Socke t-Welding, Solder 

Joint, Grooved and Flared Ends 

SP-125-2010.............Gray Iron and Ductile Iron In-line, Spring-

Loaded, Center-Guided Check Valves 

G.  Tubular Exchanger Manufacturers Association (TEMA):  

TEMA Standards-2007.....9th Edition 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 23 21 13, HYDRONIC PIPING” , with applicable 

paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Pipe and equipment supports.   

2.  Pipe and tubing, with specification, class or type,  and schedule. 

3.  Pipe fittings, including miscellaneous adapters and  special 

fittings. 

4.  Flanges, gaskets and bolting. 

5.  Couplings and fittings. 

6.  Valves of all types. 

7.  Strainers. 

8.  Flexible connectors for water service. 

9.  Pipe alignment guides. 

10.  Expansion joints. 

11.  Expansion compensators. 

12.  All specified hydronic system components. 

13.  Water flow measuring devices. 

14.  Gauges. 

15.  Thermometers and test wells. 

16.  Electric heat tracing systems. 

17.  Not Used  
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D.  Manufacturer's certified data report, Form No. U-1,  for ASME pressure 

vessels: 

1.  Heat Exchangers (Water to Water). 

2.  Air separators. 

3.  Expansion tanks. 

4.  Buffer tanks. 

E.  Submit the welder’s qualifications in the form of a  current (less than 

one-year old) and formal certificate. 

F.  Coordination Drawings: Refer to paragraph, SUBMITTA LS of Section 23 05 

11, COMMON WORK RESULTS FOR HVAC. 

G.  As-Built Piping Diagrams: Provide drawing as follow s for chilled water 

and heating hot water system and other piping syste ms and equipment. 

1.  One wall-mounted stick file with complete set of pr ints. Mount stick 

file in the chiller plant or control room along wit h control diagram 

stick file. 

2.  One complete set of reproducible drawings. 

3.  One complete set of drawings in electronic AutoCAD and pdf format. 

H.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets, information for ordering rep lacement parts, and 

troubleshooting guide: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

I.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

J.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC, whi ch includes welding 

qualifications. 

B.  Submit prior to welding of steel piping a certifica te of Welder’s 

certification. The certificate shall be current and  not more than one-

year old. 
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C.  All couplings, fittings, valves, and specialties sh all be the products 

of a single manufacturer. 

1.  All castings used for coupling housings, fittings, valve bodies, 

etc., shall be date stamped for quality assurance a nd traceability. 

1.6  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, VA approved substitutions and cons truction revisions 

shall be in electronic version on CD or DVD inserte d into a three-ring 

binder. All aspects of system operation and mainten ance procedures, 

including applicable piping isometrics, wiring diag rams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A List of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  Should the 

installing contractor engage the testing company to  provide as-built or 

any portion thereof, it shall not be deemed a confl ict of interest or 

breach of the ‘third party testing company’ require ment. Provide record 

drawings as follows: 

1.  Not Used  

2.  As-built drawings are to be provided, with a copy o f them on AutoCAD 

version to be determined during construction provid ed on CD or DVD. 

The CAD drawings shall use multiple line layers wit h a separate 

individual layer for each system. 

3.  Not Used  

D.  The as-built drawings shall indicate the location a nd type of all 

lockout/tagout points for all energy sources for al l equipment and 

pumps to include breaker location and numbers, valv e tag numbers, etc. 
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Coordinate lockout/tagout procedures and practices with local VA 

requirements. 

E.  Certification documentation shall be provided to CO R 21 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and provide documentation/c ertification that 

all results of tests were within limits specified. Test results shall 

contain written sequence of test procedure with wri tten test results 

annotated at each step along with the expected outc ome or setpoint. The 

results shall include all readings, including but n ot limited to data 

on device (make, model and performance characterist ics), normal 

pressures, switch ranges, trip points, amp readings , and calibration 

data to include equipment serial numbers or individ ual identifications, 

etc. 

1.7  SPARE PARTS 

A.  For mechanical pressed sealed fittings provide tool s required for each 

pipe size used at the facility. 

PART 2 - PRODUCTS 

2.1  PIPE AND EQUIPMENT SUPPORTS, PIPE SLEEVES, AND WALL  AND CEILING PLATES 

A.  Provide in accordance with Section 23 05 11, COMMON  WORK RESULTS FOR 

HVAC. 

2.2  PIPE AND TUBING 

A.  Chilled Water, Heating Hot Water, and Glycol-Water and Vent Piping: 

1.  Steel: ASTM A53/A53M Grade B, seamless or ERW, Sche dule 40. 

2.  Copper water tube option: ASTM B88, Type K or L, ha rd drawn.  

B.  Extension of Domestic Water Make-up Piping: ASTM B8 8, Type K or L, hard 

drawn copper tubing. 

C.  Cooling Coil Condensate Drain Piping: 

1.  From air handling units: Copper water tube, ASTM B8 8, Type M, or 

Schedule 40 PVC plastic piping. 

2.  From fan coil or other terminal units: Copper water  tube, ASTM B88, 

Type M for runouts and Type L for mains. 

D.  Not Used  

E.  Pipe supports, including insulation shields, for ab ove ground piping: 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 
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2.3  FITTINGS FOR STEEL PIPE 

A.  50 mm (2 inches) and Smaller: Screwed or welded joi nts. 

1.  Butt welding: ASME B16.9 with same wall thickness a s connecting 

piping. 

2.  Forged steel, socket welding or threaded: ASME B16. 11. 

3.  Screwed: 150-pound malleable iron, ASME B16.3. 125- pound cast iron, 

ASME B16.4, may be used in lieu of malleable iron. Bushing reduction 

of a single pipe size, or use of close nipples, is not acceptable. 

4.  Unions: ASME B16.39. 

5.  Water hose connection adapter: Brass, pipe thread t o 20 mm (3/4 

inch) garden hose thread, with hose cap nut. 

B.  65 mm (2-1/2 inches) and Larger: Welded or flanged joints. 

1.  Butt welding fittings: ASME B16.9 with same wall th ickness as 

connecting piping. Elbows shall be long radius type , unless 

otherwise noted. 

2.  Welding flanges and bolting: ASME B16.5: 

a.  Water service: Weld neck or slip-on, plain face, wi th 3.2 mm (1/8 

inch) thick full-face neoprene gasket suitable for 104 degrees C 

(220 degrees F). 

1)  Contractor's option: Convoluted, cold formed 150-po und steel 

flanges, with Teflon gaskets, may be used for water  service. 

b.  Flange bolting: Carbon steel machine bolts or studs  and nuts, 

ASTM A307, Grade B. 

C.  Welded Branch and Tap Connections: Forged steel wel dolets, or 

branchlets and threadolets may be used for branch c onnections up to one 

pipe size smaller than the main. Forged steel half- couplings, ASME 

B16.11 may be used for drain, vent and gauge connec tions. 

2.4  FITTINGS FOR COPPER TUBING 

A.  Joints: 

1.  Solder Joints: Joints shall be made up in accordanc e with 

recommended practices of the materials applied. App ly 95/5 tin and 

antimony on all copper piping. 

2.  Mechanically formed tee connection in water and dra in piping: Form 

mechanically extracted collars in a continuous oper ation by drilling 

pilot hole and drawing out tube surface to form col lar, having a 

height of not less than three times the thickness o f tube wall. 

Adjustable collaring device shall ensure proper tol erance and 
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complete uniformity of the joint. Notch and dimple joining branch 

tube in a single process to provide free flow where  the branch tube 

penetrates the fitting. 

B.  Bronze Flanges and Flanged Fittings: ASME B16.24. 

C.  Fittings: ASME B16.18 cast copper or ASME B16.22 so lder wrought copper. 

2.5  FITTINGS FOR PLASTIC PIPING 

A.  Schedule 40, socket type for solvent welding. 

B.  Schedule 40 PVC drain piping: Drainage pattern. 

C.  Not Used  

2.6  DIELECTRIC FITTINGS 

A.  Provide where copper tubing and ferrous metal pipe are joined. 

B.  50 mm (2 inches) and Smaller: Threaded dielectric u nion, ASME B16.39. 

C.  65 mm (2-1/2 inches) and Larger: Flange union with dielectric gasket 

and bolt sleeves, ASME B16.42. Dielectric gasket ma terial shall be 

compatible with hydronic medium. 

D.  Temperature Rating, 99 degrees C (210 degrees F). 

E.  Contractor’s option: On pipe sizes 50 mm (2 inch) a nd smaller, screwed 

end brass ball valves or dielectric nipples may be used in lieu of 

dielectric unions. 

2.7  SCREWED JOINTS 

A.  Pipe Thread: ASME B1.20.1. 

B.  Lubricant or Sealant: Oil and graphite or other com pound approved for 

the intended service. 

2.8  VALVES 

A.  Asbestos packing is not acceptable. 

B.  All valves of the same type shall be products of a single manufacturer. 

C.  Provide chain operators for valves 150 mm (6 inches ) and larger when 

the centerline is located 2.4 m (8 feet) or more ab ove the floor or 

operating platform. 

D.  Shut-Off Valves: 

1.  Ball Valves (Pipe sizes 50 mm (2 inch) and smaller) : MSS SP-110, 

screwed or solder connections, brass or bronze body  with chrome-

plated ball with full port and Teflon seat at 4137 kPa (600 psig) 

working pressure rating. Provide stem extension to allow operation 

without interfering with pipe insulation. 

2.  Butterfly Valves (Pipe Sizes 65 mm (2-1/2 inch) and  larger): Provide 

stem extension to allow 50 mm (2 inches) of pipe in sulation without 
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interfering with valve operation. MSS SP-67, flange  lug type rated 

1200 kPa (175 psig) working pressure at 93 degrees C (200 degrees 

F). Valves shall be ANSI Leakage Class VI and rated  for bubble tight 

shut-off to full valve pressure rating. Valve shall  be rated for 

dead end service and bi-directional flow capability  to full rated 

pressure. Butterfly valves are prohibited for direc t buried pipe 

applications. 

a.  Body: Cast iron, ASTM A126, Class B. Malleable iron , ASTM 

A47/A47M electro-plated, or ductile iron, ASTM A536 , Grade 

65-45-12 electro-plated. 

b.  Trim: Bronze, aluminum bronze, or 300 series stainl ess steel 

disc, bronze bearings, 316 stainless steel shaft an d 

manufacturer's recommended resilient seat. Resilien t seat shall 

be field replaceable, and fully line the body to co mpletely 

isolate the body from the product. A phosphate coat ed steel shaft 

or stem is acceptable, if the stem is completely is olated from 

the product. 

c.  Actuators: Field interchangeable. Valves for balanc ing service 

shall have adjustable memory stop to limit open pos ition.   

1)  Valves 150 mm (6 inches) and smaller: Lever actuato r with 

minimum of seven locking positions, except where ch ain wheel 

is required. 

2)  Valves 200 mm (8 inches) and larger: Enclosed worm gear with 

handwheel, and where required, chain-wheel operator . 

3)  Gate Valves: 

a)  50 mm (2 inches) and smaller: MSS SP-80, Bronze, 10 35 kPa 

(150 psig), wedge disc, rising stem, union bonnet. 

b)  65 mm (2-1/2 inches) and larger: Flanged, outside s crew and 

yoke. MSS SP-70, iron body, bronze mounted, 861 kPa  (125 

psig) wedge disc. 

E.  Globe and Angle Valves: 

1.  Globe Valves: 

a.  50 mm (2 inches) and smaller: MSS SP-80, bronze, 10 35 kPa (150 

psig) Globe valves shall be union bonnet with metal  plug type 

disc. 

b.  65 mm (2-1/2 inches) and larger: 861 kPa (125 psig) , flanged, 

iron body, bronze trim, MSS SP-85 for globe valves.  
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2.  Angle Valves: 

a.  50 mm (2 inches) and smaller: MSS SP-80, bronze, 10 35 kPa (150 

psig) Angle valves shall be union bonnet with metal  plug type 

disc. 

b.  65 mm (2-1/2 inches) and larger: 861 kPa (125 psig) , flanged, 

iron body, bronze trim, MSS SP-85 for angle. 

F.  Check Valves: 

1.  Swing Check Valves: 

a.  50 mm (2 inches) and smaller: MSS SP-80, bronze, 10 35 kPa (150 

psig), 45-degree swing disc. 

b.  65 mm (2-1/2 inches) and larger: 861 kPa (125 psig) , flanged, 

iron body, bronze trim, MSS SP-71 for check valves.  

2.  Non-Slam or Silent Check Valve: Spring loaded doubl e disc swing 

check or internally guided flat disc lift type chec k for bubble 

tight shut-off. Provide where check valves are show n in chilled 

water and hot water piping. Check valves incorporat ing a balancing 

feature may be used. 

a.  Body: MSS SP-125 cast iron, ASTM A126, Class B, or steel, ASTM 

A216/A216M, Class WCB, or ductile iron, ASTM 536, f langed or 

wafer type. 

b.  Seat, disc and spring: 18-8 stainless steel, or bro nze, ASTM B62. 

Seats may be elastomer material. 

G.  Water Flow Balancing Valves: For flow regulation an d shut-off. Valves 

shall be line size rather than reduced to control v alve size. 

1.  Ball style valve. 

2.  A dual-purpose flow balancing valve and adjustable flow meter, with 

bronze or cast-iron body, calibrated position point er, valved 

pressure taps or quick disconnects with integral ch eck valves and 

preformed polyurethane insulating enclosure. 

3.  Provide a readout kit including flow meter, readout  probes, hoses, 

flow charts or calculator, and carrying case. 

H.  Automatic Balancing Control Valves: Factory calibra ted to maintain 

constant flow (plus or minus five percent) over sys tem pressure 

fluctuations of 27 to 393 kPa (4 to 57 psig). Provi de standard pressure 

taps and four sets of capacity charts. Valves shall  be line size and be 

one of the following designs: 
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1.  Gray iron ASTM A126 or brass body rated 1200 kPa (1 75 psig) at 93 

degrees C (200 degrees F), with stainless steel pis ton and spring. 

2.  Brass or ferrous body designed for 2070 kPa (300 ps ig) service at 

121 degrees C (250 degrees F), with corrosion resis tant, tamper 

proof, self-cleaning piston/spring assembly that is  easily removable 

for inspection or replacement. 

3.  Combination assemblies containing ball type shut-of f valves, unions, 

flow regulators, strainers with blowdown valves and  pressure 

temperature ports shall be acceptable. 

4.  Provide a readout kit including flow meter, probes,  hoses, flow 

charts and carrying case. 

I.  Manual Radiator/Convector Valves: Brass, packless, with position 

indicator. 

2.9  WATER FLOW MEASURING DEVICES 

A.  Minimum overall accuracy plus or minus three percen t over a range of 70 

to 110 percent of design flow. Select devices for n ot less than 110 

percent of design flow rate. 

B.  Venturi Type: Bronze, steel, or cast iron with bron ze throat, with 

valved pressure sensing taps upstream and at the th roat. 

C.  Wafer Type Circuit Sensor: Cast iron wafer-type flo w meter equipped 

with readout valves to facilitate the connecting of  a differential 

pressure meter. Each readout valve shall be fitted with an integral 

check valve designed to minimize system fluid loss during the 

monitoring process. 

D.  Self-Averaging Annular Sensor Type: Brass or stainl ess-steel metering 

tube, shutoff valves and quick-coupling pressure co nnections. Metering 

tube shall be rotatable so all sensing ports may be  pointed down-stream 

when unit is not in use. 

E.  Insertion Turbine Type Sensor: Section 23 09 23, DI RECT-DIGITAL CONTROL 

SYSTEM FOR HVAC. 

F.  Flow Measuring Device Identification: 

1.  Metal tag attached by chain to the device. 

2.  Include meter or equipment number, manufacturer's n ame, meter model, 

flow rate factor and design flow rate in gpm. 
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G.  Portable Water Flow Indicating Meters: 

1.  Minimum 150 mm (6 inch) diameter dial, forged brass  body, beryllium-

copper bellows, designed for 1200 kPa (175 psig) wo rking pressure at 

121 degrees C (250 degrees F). 

2.  Bleed and equalizing valves. 

3.  Vent and drain hose and two 3 m (10 feet) lengths o f hose with quick 

disconnect connections. 

4.  Factory-fabricated carrying case with hose compartm ent and a bound 

set of capacity curves showing flow rate versus pre ssure 

differential. 

5.  Provide one portable meter for each range of differ ential pressure 

required for the installed flow devices. 

H.  Permanently Mounted Water Flow Indicating Meters: M inimum 150 mm (6 

inch) diameter, or 457 mm (18 inch) long scale, for  120 percent of 

design flow rate, direct reading in gpm, with three  valve manifold and 

two shut-off valves. 

2.10  STRAINERS 

A.  Y Type. 

1.  Screens: Bronze, Monel metal or 18-8 stainless stee l, free area not 

less than 2-1/2 times pipe area, with perforations as follows: 1.1 

mm (0.045 inch) diameter perforations for 100 mm (4  inches) and 

larger: 3.2 mm (1/8 inch) diameter perforations. 

B.  Suction Diffusers: Specified in Section 23 21 23, H YDRONIC PUMPS. 

2.11  FLEXIBLE CONNECTORS FOR WATER SERVICE 

A.  Flanged Spool Connector: 

1.  Single arch or multiple arch type. Tube and cover s hall be 

constructed of chlorobutyl elastomer with full face d integral 

flanges to provide a tight seal without gaskets. Co nnectors shall be 

internally reinforced with high strength synthetic fibers 

impregnated with rubber or synthetic compounds as r ecommended by 

connector manufacturer, and steel reinforcing rings . 

2.  Working pressures and temperatures shall be as foll ows: 

a.  Connector sizes 50 mm to 100 mm (2 inches to 4 inch es), 1137 kPa 

(165 psig) at 121 degrees C (250 degrees F). 

b.  Not Used 

3.  Provide ductile iron retaining rings and control un its. 
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2.12  EXPANSION JOINTS 

A.  Factory built devices, inserted in the pipe lines, designed to absorb 

axial cyclical pipe movement which results from the rmal expansion and 

contraction. This includes factory-built or field-f abricated guides 

located along the pipe lines to restrain lateral pi pe motion and direct 

the axial pipe movement into the expansion joints. 

B.  Manufacturing Quality Assurance: Conform to Expansi on Joints 

Manufacturers Association (EJMA) Standards. 

C.  Bellows - Internally Pressurized Type: 

1.  Multiple corrugations of Type 304 or Type A240-321 stainless steel. 

2.  Internal stainless-steel sleeve entire length of be llows. 

3.  External cast iron equalizing rings for services ex ceeding 345 kPa 

(50 psig). 

4.  Welded ends. 

5.  Design shall conform to standards of EJMA and ASME B31.9. 

6.  External tie rods designed to withstand pressure th rust force upon 

anchor failure if one or both anchors for the joint  are at change in 

direction of pipeline. 

7.  Integral external cover. 

D.  Bellows - Externally Pressurized Type: 

1.  Multiple corrugations of Type 304 stainless steel. 

2.  Internal and external guide integral with joint. 

3.  Design for external pressurization of bellows to el iminate squirm. 

4.  Welded ends. 

5.  Conform to the standards of EJMA and ASME B31.9. 

6.  Threaded connection at bottom, 25 mm (1 inch) minim um, for drain or 

drip point. 

7.  Integral external cover and internal sleeve. 

E.  Expansion Compensators: 

1.  Corrugated bellows, externally pressurized, stainle ss steel or 

bronze. 

2.  Internal guides and anti-torque devices. 

3.  Threaded ends. 

4.  External shroud. 

5.  Conform to standards of EJMA. 

F.  Expansion Joint (Contractor’s Option): 2413 kPa (35 0 psig) maximum 

working pressure, steel pipe fitting consisting of telescoping body and 
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slip-pipe sections, PTFE modified polyphenylene sul fide coated slide 

section, with welded or flanged ends, suitable for axial end movement 

to 75 mm (3 inch). 

G.  Expansion Joint Identification: Provide stamped bra ss or stainless-

steel nameplate on each expansion joint listing the  manufacturer, the 

allowable movement, flow direction, design pressure  and temperature, 

date of manufacture, and identifying the expansion joint by the 

identification number on the contract drawings. 

H.  Guides: Provide factory-built guides along the pipe  line to permit 

axial movement only and to restrain lateral and ang ular movement. 

Guides must be designed to withstand a minimum of 1 5 percent of the 

axial force which will be imposed on the expansion joints and anchors. 

Field-built guides may be used if detailed on the c ontract drawings. 

I.  Supports: Provide saddle supports and frame or hang ers for heat 

exchanger. Mounting height shall be adjusted to fac ilitate gravity 

return of steam condensate. Construct supports from  steel, weld joints. 

2.13  HYDRONIC SYSTEM COMPONENTS 

A.  Not Used  

B.  Not Used  

C.  Optional Heat Transfer Package: In lieu of field er ected individual 

components, the Contractor may provide a factory or  shop assembled 

package of converters, pumps, and other components,  pre-piped and pre-

wired supported on a welded steel frame or skid. Re fer to Section 23 22 

13, STEAM AND CONDENSATE HEATING PIPING, for additi onal requirements. 

D.  Not Used  

E.  Tangential Air Separator: ASME BPVC Section VIII co nstruction for 861 

kPa (125 psig) working pressure, flanged tangential  inlet and outlet 

connection, internal perforated stainless-steel air  collector tube 

designed to direct released air into expansion tank , bottom blowdown 

connection. Provide Form No. U-1. If scheduled on t he drawings, provide 

a removable stainless-steel strainer element having  5 mm (3/16 inch) 

perforations and free area of not less than five ti mes the cross-

sectional area of connecting piping. 

F.  Diaphragm Type Pre-Pressurized Expansion Tank: ASME  BPVC Section VIII 

construction for 861 kPa (125 psig) working pressur e, welded steel 

shell, rustproof coated, with a flexible elastomeri c diaphragm suitable 

for a maximum operating temperature of 115 degrees C (240 degrees F). 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 21 13-16 

Provide Form No. U-1. Tank shall be equipped with s ystem connection, 

drain connection, standard air fill valve and be fa ctory pre-charged to 

a minimum of 83 kPa (12 psig). 

G.  Not Used  

H.  Pressure Reducing Valve (Water): Diaphragm or bello ws operated, spring 

loaded type, with minimum adjustable range of 28 kP a (4 psig) above and 

below set point. Bronze, brass or iron body and bro nze, brass or 

stainless-steel trim, rated 861 kPa (125 psig) work ing pressure at 107 

degrees C (225 degrees F). 

I.  Pressure Relief Valve: Bronze or iron body and bron ze or stainless-

steel trim, with testing lever. Comply with ASME BP VC Section VIII and 

bear ASME stamp. 

J.  Automatic Air Vent Valves (where shown on drawings) : Cast iron or semi-

steel body, 1035 kPa (150 psig) working pressure, s tainless steel 

float, valve, valve seat and mechanism, minimum 15 mm (1/2 inch) water 

connection and 6 mm (1/4 inch) air outlet. Air outl et shall be piped to 

the nearest floor drain. 

K.  Buffer Tank: Buffer tank shall be constructed with a built-in baffle to 

allow mixing of the fluid inside the tank. Tank sha ll be constructed in 

accordance with ASME BPVC Section VIII requirements  and stamped and 

registered with the National Board of Boiler and Pr essure Vessel 

Inspectors. Tank shall have a working pressure of 8 61 kPa (125 psig) 

and shall come equipped with a base ring for instal ling the buffer tank 

directly on a level surface. The tank shall be furn ished with two 

flanged connections, tappings for air vent, relief valve and drain. 

Buffer tank shall have a capacity as indicated on t he drawings. 

2.14  WATER FILTERS AND POT CHEMICAL FEEDERS 

A.  See Section 23 25 00, HVAC WATER TREATMENT, paragra ph, CHEMICAL 

TREATMENT FOR CLOSED LOOP SYSTEMS. 

2.15  GAUGES, PRESSURE AND COMPOUND 

A.  ASME B40.100, Accuracy Grade 1A, (pressure, vacuum,  or compound for 

air, oil or water), initial mid-scale accuracy 1 pe rcent of scale 

(Qualify grade), metal or phenolic case, 115 mm (4- 1/2 inches) in 

diameter, 6 mm (1/4 inch) NPT bottom connection, wh ite dial with black 

graduations and pointer, clear glass or acrylic pla stic window, 

suitable for board mounting. Provide red "set hand"  to indicate normal 

working pressure. 
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B.  Provide brass lever handle union cock. Provide bras s/bronze pressure 

snubber for gauges in water service. 

C.  Range of Gauges: Provide range equal to at least 13 0 percent of normal 

operating range. 

1.  Not Used  

2.16  PRESSURE/TEMPERATURE TEST PROVISIONS 

A.  Pete's Plug: 6 mm (1/4 inch) MPT by 75 mm (3 inches ) long, brass body 

and cap, with retained safety cap, nordel self-clos ing valve cores, 

permanently installed in piping where shown, or in lieu of pressure 

gauge test connections shown on the drawings. 

B.  Provide one each of the following test items to the  COR: 

1.  6 mm (1/4 inch) FPT by 3.2 mm (1/8 inch) diameter s tainless steel 

pressure gauge adapter probe for extra-long test pl ug. 

2.  90 mm (3-1/2 inch) diameter, one percent accuracy, compound gauge, 

101 kPa (30 inches Hg) to 690 kPa (100 psig) range.  

3.  0 to 104 degrees C (32 to 220 degrees F) pocket the rmometer one-half 

degree accuracy, 25 mm (1 inch) dial, 125 mm (5 inc h) long 

stainless-steel stem, plastic case. 

2.17  THERMOMETERS 

A.  Mercury or organic liquid filled type, red or blue column, clear 

plastic window, with 150 mm (6 inch) brass stem, st raight, fixed or 

adjustable angle as required for each in reading. 

B.  Case: Chrome plated brass or aluminum with enamel f inish. 

C.  Scale: Not less than 225 mm (9 inches), range as de scribed below, two-

degree graduations. 

D.  Separable Socket (Well): Brass, extension neck type  to clear pipe 

insulation. 

E.  Scale ranges: 

1.  Chilled Water and Glycol-Water: 0 to 38 degrees C ( 32 to 100 degrees 

F). 

2.  Hot Water and Glycol-Water: 38 to 93 degrees C (100  to 200 degrees 

F). 

2.18  FIRESTOPPING MATERIAL 

A.  Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

2.19  ELECTRICAL HEAT TRACING SYSTEMS 

A.  Systems shall meet requirements of NFPA 70. 
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B.  Provide tracing for outdoor piping subject to freez ing temperatures 

below 3.3 degrees C (38 degrees F) as follows: 

1.  Not Used 

2.  Not Used 

3.  Chilled water piping at units and all other areas e xposed to the 

weather. 

4.  Not Used 

C.  Heat tracing shall be provided to the extent shown on the drawings 

(Floor plans and Elevations). Heat tracing shall ex tend below grade to 

below the defined frost line. 

D.  Heating Cable: Flexible, parallel circuit construct ion consisting of a 

continuous self-limiting resistance, conductive inn er core material 

between two parallel copper bus wires, designed for  cut-to-length at 

the job site and for wrapping around valves and com plex fittings. Self-

regulation shall prevent overheating and burnouts e ven where the cable 

overlaps itself. 

1.  Provide end seals at ends of circuits. Wire at the ends of the 

circuits is not to be tied together. 

2.  Provide sufficient cable, as recommended by the man ufacturer, to 

keep the pipe surface at 2.2 degrees C (36 degrees F) minimum during 

winter outdoor design temperature, but not less tha n the following: 

a.  75 mm (3 inch) pipe and smaller with 25 mm (1 inch)  thick 

insulation: 4 watts per foot of pipe. 

b.  100 mm (4 inch) pipe and larger 40 mm (1-1/2 inch) thick 

insulation: 8 watts per feet of pipe. 

E.  Electrical Heating Tracing Accessories: 

1.  Power supply connection fitting and stainless-steel  mounting 

brackets. Provide stainless steel worm gear clamp t o fasten bracket 

to pipe. 

2.  15 mm (1/2 inch) wide fiberglass reinforced pressur e sensitive cloth 

tape to fasten cable to pipe at 300 mm (12 inch) in tervals. 

3.  Pipe surface temperature control thermostat: Cast a luminum, NEMA 4 

(watertight) enclosure, 15 mm (1/2 inch) NPT condui t hub, SPST 

switch rated 20 amps at 480 volts ac, with capillar y and copper bulb 

sensor. Set thermostat to maintain pipe surface tem perature at not 

less than 1 degrees C (34 degrees F). 
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4.  Signs: Manufacturer's standard (NFPA 70), stamped " ELECTRIC TRACED" 

located on the insulation jacket at 3 m (10 feet) i ntervals along 

the pipe on alternating sides. 

PART 3 - EXECUTION 

3.1  GENERAL 

A.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no additional cost or t ime to the 

Government. 

B.  The drawings show the general arrangement of pipe a nd equipment but do 

not show all required fittings and offsets that may  be necessary to 

connect pipes to equipment, fan-coils, coils, radia tors, etc., and to 

coordinate with other trades. Provide all necessary  fittings, offsets 

and pipe runs based on field measurements and at no  additional cost or 

time to the Government. Coordinate with other trade s for space 

available and relative location of HVAC equipment a nd accessories to be 

connected on ceiling grid. Pipe location on the dra wings shall be 

altered by contractor where necessary to avoid inte rferences and 

clearance difficulties. 

C.  Store materials to avoid excessive exposure to weat her or foreign 

materials. Keep inside of piping relatively clean d uring installation 

and protect open ends when work is not in progress.  

D.  Support piping securely. Refer to PART 3, Section 2 3 05 11, COMMON WORK 

RESULTS FOR HVAC. Install heat exchangers at height  sufficient to 

provide gravity flow of condensate to the flash tan k and condensate 

pump. 

E.  Install piping generally parallel to walls and colu mn center lines, 

unless shown otherwise on the drawings. Space pipin g, including 

insulation, to provide 25 mm (1 inch) minimum clear ance between 

adjacent piping or other surface. Unless shown othe rwise, slope drain 

piping down in the direction of flow not less than 25 mm (1 inch) in 12 

m (40 feet). Provide eccentric reducers to keep bot tom of sloped piping 

flat. 

F.  Locate and orient valves to permit proper operation  and access for 

maintenance of packing, seat and disc. Generally, l ocate valve stems in 

overhead piping in horizontal position. Provide a u nion adjacent to one 

end of all threaded end valves. Control valves usua lly require reducers 

to connect to pipe sizes shown on the drawing. Inst all butterfly valves 
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with the valve open as recommended by the manufactu rer to prevent 

binding of the disc in the seat. 

G.  Offset equipment connections to allow valving off f or maintenance and 

repair with minimal removal of piping. Provide flex ibility in equipment 

connections and branch line take-offs with 3-elbow swing joints where 

noted on the drawings. 

H.  Tee water piping runouts or branches into the side of mains or other 

branches. Avoid bull-head tees, which are two retur n lines entering 

opposite ends of a tee and exiting out the common s ide. 

I.  Provide manual or automatic air vent at all piping system high points 

and drain valves at all low points. Install piping to floor drains from 

all automatic air vents. 

J.  Connect piping to equipment as shown on the drawing s. Install 

components furnished by others such as: 

1.  Water treatment pot feeders. 

2.  Flow elements (orifice unions), control valve bodie s, flow switches, 

pressure taps with valve, and wells for sensors. 

K.  Thermometer Wells: In pipes 65 mm (2-1/2 inches) an d smaller increase 

the pipe size to provide free area equal to the ups tream pipe area. 

L.  Firestopping: Fill openings around uninsulated pipi ng penetrating 

floors or fire walls, with firestop material. For f irestopping 

insulated piping refer to Section 23 07 11, HVAC AN D BOILER PLANT 

INSULATION. 

M.  Where copper piping is connected to steel piping, p rovide dielectric 

connections. 

3.2  PIPE JOINTS 

A.  Welded: Beveling, spacing and other details shall c onform to ASME B31.9 

and AWS B2.1/B2.1M. See Welder’s qualification requ irements under 

"Quality Assurance" in Section 23 05 11, COMMON WOR K RESULTS FOR HVAC. 

B.  Screwed: Threads shall conform to ASME B1.20.1; joi nt compound shall be 

applied to male threads only and joints made up so no more than three 

threads show. Coat exposed threads on steel pipe wi th joint compound, 

or red lead paint for corrosion protection. 

C.  125 Pound Cast Iron Flange (Plain Face): Mating fla nge shall have 

raised face, if any, removed to avoid overstressing  the cast iron 

flange. 

D.  Solvent Welded Joints: As recommended by the manufa cturer. 
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3.3  EXPANSION JOINTS (BELLOWS AND SLIP TYPE) 

A.  Anchors and Guides: Provide type, quantity and spac ing as recommended 

by manufacturer of expansion joint and as shown. A professional 

engineer shall verify in writing that anchors and g uides are properly 

designed for forces and moments which will be impos ed. 

B.  Cold Set: Provide setting of joint travel at instal lation as 

recommended by the manufacturer for the ambient tem perature during the 

installation. 

C.  Preparation for Service: Remove all apparatus provi ded to restrain 

joint during shipping or installation. Representati ve of manufacturer 

shall visit the site and verify that installation i s proper. 

D.  Access: Expansion joints must be located in readily  accessible space. 

Locate joints to permit access without removing pip ing or other 

devices. Allow clear space to permit replacement of  joints and to 

permit access to devices for inspection of all surf aces and for adding. 

3.4  SEISMIC BRACING ABOVEGROUND PIPING – NOT USED 

3.5  LEAK TESTING ABOVEGROUND PIPING 

A.  Inspect all joints and connections for leaks and wo rkmanship and make 

corrections as necessary, to the satisfaction of th e COR. Tests may be 

either of those below, or a combination, as approve d by the COR. 

B.  An operating test at design pressure, and for hot s ystems, design 

maximum temperature. 

C.  A hydrostatic test at 1.5 times design pressure. Fo r water systems, the 

design maximum pressure would usually be the static  head, or expansion 

tank maximum pressure, plus pump head. Factory test ed equipment 

(convertors, exchangers, coils, etc.) need not be f ield tested. Isolate 

equipment where necessary to avoid excessive pressu re on mechanical 

seals and safety devices. 

3.6  FLUSHING AND CLEANING PIPING SYSTEMS 

A.  Water Piping: Clean systems as recommended by the s uppliers of 

chemicals specified in Section 23 25 00, HVAC WATER  TREATMENT. 

B.  Initial Flushing: Remove loose dirt, mill scale, me tal chips, weld 

beads, rust, and like deleterious substances withou t damage to any 

system component. Provide temporary piping or hose to bypass coils, 

control valves, exchangers and other factory cleane d equipment unless 

acceptable means of protection are provided and sub sequent inspection 

of hide-out areas takes place. Isolate or protect c lean system 
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components, including pumps and pressure vessels, a nd remove any 

component which may be damaged. Open all valves, dr ains, vents and 

strainers at all system levels. Remove plugs, caps,  spool pieces, and 

components to facilitate early debris discharge fro m system. 

Sectionalize system to obtain debris carrying veloc ity of 1.8 m/s (5.9 

f/s), if possible. Connect dead-end supply and retu rn headers as 

necessary. Flush bottoms of risers. Install tempora ry strainers where 

necessary to protect down-stream equipment. Supply and remove flushing 

water and drainage by various type hose, temporary and permanent piping 

and Contractor's booster pumps. Flush until clean a s approved by the 

COR. 

C.  Cleaning: Using products supplied in Section 23 25 00, HVAC WATER 

TREATMENT, circulate systems at normal temperature to remove adherent 

organic soil, hydrocarbons, flux, pipe mill varnish , pipe joint 

compounds, iron oxide, and like deleterious substan ces not removed by 

flushing, without chemical or mechanical damage to any system 

component. Removal of tightly adherent mill scale i s not required. Keep 

isolated equipment which is "clean" and where dead- end debris 

accumulation cannot occur. Sectionalize system if p ossible, to 

circulate at velocities not less than 1.8 m/s (5.9 f/s). Circulate each 

section for not less than 4 hours. Blow-down all st rainers, or remove 

and clean as frequently as necessary. Drain and pre pare for final 

flushing. 

D.  Final Flushing: Return systems to conditions requir ed by initial 

flushing after all cleaning solution has been displ aced by clean make-

up. Flush all dead ends and isolated clean equipmen t. Gently operate 

all valves to dislodge any debris in valve body by throttling velocity. 

Flush for not less than one hour. 

3.7  WATER TREATMENT 

A.  Install water treatment equipment and provide water  treatment system 

piping. 

B.  Close and fill system as soon as possible after fin al flushing to 

minimize corrosion. 

C.  Charge systems with chemicals specified in Section 23 25 00, HVAC WATER 

TREATMENT. 

D.  Utilize this activity, by arrangement with the COR,  for instructing VA 

operating personnel. 
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3.8  ELECTRIC HEAT TRACING 

A.  Install tracing as recommended by the manufacturer.  

B.  Coordinate electrical connections. 

3.9  STARTUP AND TESTING 

A.  Perform tests as recommended by product manufacture r and listed 

standards and under actual or simulated operating c onditions and prove 

full compliance with design and specified requireme nts. Tests of the 

various items of equipment shall be performed simul taneously with the 

system of which each item is an integral part. 

B.  When any defects are detected, correct defects and repeat test at no 

additional cost or time to the Government. 

C.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with COR and Commissioning Agent. Provide  a minimum notice of 

10 working days prior to startup and testing. 

D.  Adjust red set hand on pressure gauges to normal wo rking pressure. 

3.10  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.11  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for 4 hours 

to instruct each VA personnel responsible in operat ion and maintenance 

of the system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

- - - E N D - - - 





08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 21 23 - 1 

SECTION 23 21 23 

HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1  DESCRIPTION 

A.  Hydronic pumps for Heating, Ventilating and Air Con ditioning. 

B.  Definitions: 

1.  Capacity: Liters per second (L/s) (Gallons per minu te (gpm)) of the 

fluid pumped. 

2.  Head: Total dynamic head in kPa (feet) of the fluid  pumped. 

3.  Flat head-capacity curve: Where the shutoff head is  less than 1.16 

times the head at the best efficiency point. 

C.  A complete listing of common acronyms and abbreviat ions are included in 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Not Used 

F.  Not Used 

G.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

H.  Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR HV AC AND STEAM 

GENERATION EQUIPMENT. 

I.  Section 23 05 41, NOISE AND VIBRATION CONTROL FOR H VAC PIPING AND 

EQUIPMENT. 

J.  Section 23 05 93, TESTING, ADJUSTING, AND BALANCING  FOR HVAC. 

K.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

L.  Section 23 21 13, HYDRONIC PIPING. 

M.  Section 26 29 11, MOTOR CONTROLLERS. 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. Where conflicts occur these  specifications and 

the VHA standard will govern. 

B.  American Society of Mechanical Engineers (ASME): 

B16.1-2015..............Cast Iron Pipe Flanges and Flanged Fittings: 

Classes 25, 125, and 250 
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C.  American Society for Testing and Materials (ASTM): 

A48/48M-2003 (R2012)....Standard Specification for Gray Iron Castings 

B62-2015................Standard Specification for Composition Bronze 

or Ounce Metal Castings 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 23 21 23, HYDRONIC PUMPS”,  with applicable 

paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Pumps and accessories. 

2.  Motors and drives. 

3.  Variable speed motor controllers. 

D.  Characteristic Curves: Head-capacity, efficiency-ca pacity, brake 

horsepower-capacity, and NPSHR-capacity for each pu mp and for combined 

pumps in parallel or series service. Identify pump and show fluid 

pumped, specific gravity, pump speed and curves plo tted from zero flow 

to maximum for the impeller being furnished and at least the maximum 

diameter impeller that can be used with the casing.  

E.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets, information for ordering rep lacement parts, and 

troubleshooting guide: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

F.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 
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G.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Design Criteria: 

1.  Pumps design and manufacturer shall conform to Hydr aulic Institute 

Standards. 

2.  Pump sizes, capacities, pressures, operating charac teristics and 

efficiency shall be as scheduled. 

3.  Head-capacity curves shall slope up to maximum head  at shut-off. 

Curves shall be relatively flat for closed systems.  Select pumps 

near the midrange of the curve, so the design capac ity falls to the 

left of the best efficiency point, to allow a cushi on for the usual 

drift to the right in operation, without approachin g the pump curve 

end point and possible cavitation and unstable oper ation. Select 

pumps for open systems so that required net positiv e suction head 

(NPSHR) does not exceed the net positive head avail able (NPSHA). 

4.  Pump Driver: Furnish with pump. Size shall be non-o verloading at any 

point on the head-capacity curve, including in a pa rallel or series 

pumping installation with one pump in operation. 

5.  Provide all pumps with motors, impellers, drive ass emblies, 

bearings, coupling guard and other accessories spec ified. Statically 

and dynamically balance all rotating parts. 

6.  Furnish each pump and motor with a nameplate giving  the 

manufacturers name, serial number of pump, capacity  in gpm and head 

in feet at design condition, horsepower, voltage, f requency, speed 

and full load current and motor efficiency. 

7.  Test all pumps before shipment. The manufacturer sh all certify all 

pump ratings. 

8.  After completion of balancing, provide replacement of impellers or 

trim impellers to provide specified flow at actual pumping head, as 

installed. 

B.  Allowable Vibration Tolerance for Pump Units: Secti on 23 05 41, NOISE 

AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT. 

1.6  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 
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B.  Submit operation and maintenance data updated to in clude submittal 

review comments, VA approved substitutions and cons truction revisions 

shall be in electronic version on CD or DVD and ins erted into a three 

ring binder. All aspects of system operation and ma intenance 

procedures, including applicable piping isometrics,  wiring diagrams of 

all circuits, a written description of system desig n, control logic, 

and sequence of operation shall be included in the operation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A List of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  Should the 

installing contractor engage the testing company to  provide as-built or 

any portion thereof, it shall not be deemed a confl ict of interest or 

breach of the ‘third party testing company’ require ment. Provide record 

drawings as follows: 

1.  Not Used  

2.  As-built drawings are to be provided, with a copy o f them on AutoCAD 

latest version provided on CD or DVD (coordinate wi th Contracting 

Officer’s Representative). The CAD drawings shall u se multiple line 

layers with a separate individual layer for each sy stem. 

3.  Not Used  

D.  The as-built drawings shall indicate the location a nd type of all 

lockout/tagout points for all energy sources for al l equipment and 

pumps to include breaker location and numbers, valv e tag numbers, etc. 

Coordinate lockout/tagout procedures and practices with local VA 

requirements. 

E.  Certification documentation shall be provided to CO R 21 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and provide documentation/c ertification that 
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all results of tests were within limits specified. Test results shall 

contain written sequence of test procedure with wri tten test results 

annotated at each step along with the expected outc ome or setpoint. The 

results shall include all readings, including but n ot limited to data 

on device (make, model and performance characterist ics), normal 

pressures, switch ranges, trip points, amp readings , and calibration 

data to include equipment serial numbers or individ ual identifications, 

etc. 

1.7  SPARE MATERIALS 

A.  Furnish one spare seal and casing gasket for each p ump to the COR. 

PART 2 - PRODUCTS 

2.1  CENTRIFUGAL PUMPS, BRONZE FITTED 

A.  General: 

1.  Provide pumps that will operate continuously withou t overheating 

bearings or motors at every condition of operation on the pump 

curve, or produce noise audible outside the room or  space in which 

installed. 

2.  Provide pumps of size, type and capacity as indicat ed, complete with 

electric motor and drive assembly, unless otherwise  indicated. 

Design pump casings for the indicated working press ure and factory 

test at 1-1/2 times the designed pressure. 

3.  Provide pumps of the same type, the product of a si ngle 

manufacturer, with pump parts of the same size and type 

interchangeable. 

4.  General Construction Requirements 

a.  Balance: Rotating parts, statically and dynamically . 

b.  Construction: To permit servicing without breaking piping or 

motor connections. 

c.  Pump Motors: Provide high efficiency motors, invert er duty for 

variable speed service. Refer to Section 23 05 12, GENERAL MOTOR 

REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT. Motors 

shall be open drip proof and operate at 1750 RPM un less noted 

otherwise. 

d.  Heating pumps shall be suitable for handling water to 107 degrees 

C (225 degrees F). 

e.  Provide coupling guards that meet OSHA requirements . 

f.  Pump Connections: Flanged. 
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g.  Pump shall be factory tested. 

h.  Performance: As scheduled on the Contract Drawings.  

5.  Variable Speed Pumps: 

a.  The pumps shall be the type shown on the drawings a nd specified 

herein flex coupled to an open drip proof motor. 

b.  Variable Speed Motor Controllers: Refer to Section 26 29 11, 

MOTOR CONTROLLERS and to Section 23 05 11, COMMON W ORK RESULTS 

FOR HVAC paragraph, VARIABLE SPEED MOTOR CONTROLLER S. Furnish 

controllers with pumps and motors. 

c.  Pump operation and speed control shall be as shown on the 

drawings. 

d.  Not Used  

B.  In-Line Type, Base Mounted End Suction or Double Su ction Type: 

1.  Casing and Bearing Housing: Close-grained cast iron , ASTM A48/A48M. 

2.  Casing Wear Rings: Bronze. 

3.  Suction and Discharge: Plain face flange, 861 kPa ( 125 psig), ASME 

B16.1. 

4.  Casing Vent: Manual brass cock at high point. 

5.  Casing Drain and Gauge Taps: 15 mm (1/2 inch) plugg ed connections 

minimum size. 

6.  Impeller: Bronze, ASTM B62, enclosed type, keyed to  shaft. 

7.  Shaft: Steel, Type 1045 or stainless steel. 

8.  Shaft Seal: Manufacturer's standard mechanical type  to suit pressure 

and temperature and fluid pumped. 

9.  Shaft Sleeve: Bronze or stainless steel. 

10.  Motor: Furnish with pump. Refer to Section 23 05 12 , GENERAL 

MOTOR REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT. 

11.  Base Mounted Pumps: 

a.  Designed for disassembling for service or repair wi thout 

disturbing the piping or removing the motor. 

b.  Impeller Wear Rings: Bronze. 

c.  Shaft Coupling: Non-lubricated steel flexible type or spacer type 

with coupling guard, bolted to the baseplate. 

d.  Not Used 

e.  Not Used  

f.  Base: Cast iron or fabricated steel for common moun ting to a 

concrete base. 
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12.  Provide line sized shut-off valve and suction strai ner, maintain 

manufacturer recommended straight pipe length on pu mp suction (with 

blow down valve). Contractor option: Provide suctio n diffuser as 

follows: 

a.  Body: Cast iron with steel inlet vanes and combinat ion diffuser-

strainer-orifice cylinder with 5 mm (3/16 inch) dia meter openings 

for pump protection. Provide taps for strainer blow down and gauge 

connections. 

b.  Provide adjustable foot support for suction piping.  

c.  Strainer free area: Not less than five times the su ction piping. 

d.  Provide disposable startup strainer. 

2.2  VERTICAL TURBINE PUMP – NOT USED 

PART 3 - EXECUTION 

3.1  INSTALLATION 

A.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no additional cost or t ime to the 

Government. 

B.  Follow manufacturer's written instructions for pump  mounting and 

startup. Access/Service space around pumps shall no t be less than 

minimum space recommended by pumps manufacturer. 

C.  Provide drains for bases and seals for base mounted  pumps, piped to and 

discharging into floor drains. 

D.  Coordinate location of thermometer and pressure gau ges as per Section 

23 21 13, HYDRONIC PIPING. 

3.2  STARTUP AND TESTING 

A.  Perform tests as recommended by product manufacture r and listed 

standards and under actual or simulated operating c onditions and prove 

full compliance with design and specified requireme nts. Tests of the 

various items of equipment shall be performed simul taneously with the 

system of which each item is an integral part. 

B.  When any defects are detected, correct defects and repeat test at no 

additional cost or time to the Government. 

C.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with COR and Commissioning Agent. Provide  a minimum notice of 

10 working days prior to startup and testing. 

D.  Verify that the piping system has been flushed, cle aned and filled. 
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E.  Lubricate pumps before startup. 

F.  Prime the pump, vent all air from the casing and ve rify that the 

rotation is correct. To avoid damage to mechanical seals, never start 

or run the pump in dry condition. 

G.  Verify that correct size heaters-motor over-load de vices are installed 

for each pump controller unit. 

H.  Field modifications to the bearings and or impeller  (including 

trimming) are prohibited. If the pump does not meet  the specified 

vibration tolerance send the pump back to the manuf acturer for a 

replacement pump. All modifications to the pump sha ll be performed at 

the factory. 

I.  Ensure the disposable strainer is free of debris pr ior to testing and 

balancing of the hydronic system. 

J.  After several days of operation, replace the dispos able startup 

strainer with a regular strainer in the suction dif fuser. 

3.3  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.4  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for 4 hours 

to instruct each VA personnel responsible in operat ion and maintenance 

of the system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

- - - E N D - - - 
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SECTION 23 22 13 
STEAM AND CONDENSATE HEATING PIPING 

 

PART 1 - GENERAL 

1.1  DESCRIPTION 

A.  Steam, condensate and vent piping inside buildings.  

B.  Not Used. 

C.  A complete listing of common acronyms and abbreviat ions are included in 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

1.2  RELATED WORK 

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

C.  Section 01 81 13, SUSTAINABLE CONSTRUCTION REQUIREM ENTS. 

D.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

E.  Section 09 91 00, PAINTING. 

F.  Not Used  

G.  Not Used  

H.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

I.  Section 23 05 93, TESTING, ADJUSTING, AND BALANCING  FOR HVAC. 

J.  Section 23 07 11, HVAC AND BOILER PLANT INSULATION.  

K.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

L.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

M.  Not Used  

N.  Section 23 25 00, HVAC WATER TREATMENT. 

1.3  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. Where conflicts occur these  specifications and 

the VHA standard will govern. 

B.  American Society of Mechanical Engineers (ASME): 

B1.20.1-2013............Pipe Threads, General Purpo se (Inch) 

B16.5-2013..............Pipe Flanges and Flanged Fi ttings: NPS 1/2 

through NPS 24 Metric/Inch Standard 

B16.9-2012..............Factory Made Wrought Buttwe lding Fittings 

B16.11-2011.............Forged Fittings, Socket-Wel ding and Threaded 

B16.42-2011.............Ductile Iron Pipe Flanges a nd Flanged Fittings: 

Classes 150 and 300 
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B31.1-2014..............Power Piping 

B31.9-2014..............Building Services Piping 

B40.100-2013............Pressure Gauges and Gauge A ttachments 

ASME Boiler and Pressure Vessel Code - 

BPVC Section II-2015....Materials 

BPVC Section VIII-2015..Rules for Construction of P ressure Vessels, 

Division 1 

BPVC Section IX-2015....Welding, Brazing, and Fusin g Qualifications 

C.  American Society for Testing and Materials (ASTM): 

A53/A53M-2012...........Standard Specification for Pipe, Steel, Black 

and Hot-Dipped, Zinc-Coated, Welded and 

Seamless 

A106/A106M-2015.........Standard Specification for Seamless Carbon 

Steel Pipe for High-Temperature Service 

A216/A216M-2014e1.......Standard Specification for Steel Castings, 

Carbon, Suitable for Fusion Welding, for High-

Temperature Service 

A285/A285M-2012.........Standard Specification for Pressure Vessel 

Plates, Carbon Steel, Low-and Intermediate-

Tensile Strength 

A307-2014...............Standard Specification for Carbon Steel Bolts, 

Studs, and Threaded Rod 60,000 PSI Tensile 

Strength 

A516/A516M-2010 (R2015).Standard Specification for Pressure Vessel 

Plates, Carbon Steel, for Moderate- and Lower-

Temperature Service 

A536-1984 (R2014).......Standard Specification for Ductile Iron 

Castings 

B62-2015................Standard Specification for Composition Bronze 

or Ounce Metal Castings 

D.  American Welding Society (AWS): 

B2.1/B2.1M-2014.........Specification for Welding P rocedure and 

Performance Qualifications 

Z49.1-2012..............Safety in Welding and Cutti ng and Allied 

Processes 

E.  Manufacturers Standardization Society (MSS) of the Valve and Fitting 

Industry, Inc.: 
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SP-80-2013..............Bronze Gate, Globe, Angle, and Check Valves 

F.  Military Specifications (Mil. Spec.): 

MIL-S-901D-1989.........Shock Tests, H.I. (High Imp act) Shipboard 

Machinery, Equipment, and Systems 

G.  National Board of Boiler and Pressure Vessel Inspec tors (NB): 

Relieving Capacities of Safety Valves and Relief Va lves 

H.  Tubular Exchanger Manufacturers Association (TEMA):  

TEMA Standards-2007.....9th Edition 

1.4  SUBMITTALS 

A.  Submittals, including number of required copies, sh all be submitted in 

accordance with Section 01 33 23, SHOP DRAWINGS, PR ODUCT DATA, AND 

SAMPLES. 

B.  Information and material submitted under this secti on shall be marked 

“SUBMITTED UNDER SECTION 23 22 13, STEAM AND CONDEN SATE HEATING 

PIPING”, with applicable paragraph identification. 

C.  Manufacturer's Literature and Data including: Full item description and 

optional features and accessories. Include dimensio ns, weights, 

materials, applications, standard compliance, model  numbers, size, and 

capacity. 

1.  Pipe and equipment supports.   

2.  Pipe and tubing, with specification, class or type,  and schedule. 

3.  Pipe fittings, including miscellaneous adapters and  special 

fittings. 

4.  Flanges, gaskets and bolting. 

5.  Valves of all types. 

6.  Strainers. 

7.  Pipe alignment guides. 

8.  Expansion joints. 

9.  Expansion compensators. 

10.  Flexible ball joints: Catalog sheets, performance c harts, schematic 

drawings, specifications and installation instructi ons. 

11.  All specified steam system components. 

12.  Gauges. 

13.  Thermometers and test wells. 

14.  Not Used  

15.  Not Used  
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D.  Manufacturer's certified data report, Form No. U-1,  for ASME pressure 

vessels: 

1.  Heat Exchangers (Steam-to-Hot Water). 

2.  Not Used  

E.  Coordination Drawings: Refer to paragraph, SUBMITTA LS of Section 23 05 

11, COMMON WORK RESULTS FOR HVAC. 

F.  As-Built Piping Diagrams: Provide drawing as follow s for steam and 

steam condensate piping and other central plant equ ipment. 

1.  One wall-mounted stick file for prints. Mount stick  file in the 

chiller plant or adjacent control room along with c ontrol diagram 

stick file. 

2.  One set of reproducible drawings. 

G.  Complete operating and maintenance manuals includin g wiring diagrams, 

technical data sheets, information for ordering rep lacement parts, and 

troubleshooting guide: 

1.  Include complete list indicating all components of the systems. 

2.  Include complete diagrams of the internal wiring fo r each item of 

equipment. 

3.  Diagrams shall have their terminals identified to f acilitate 

installation, operation and maintenance. 

H.  Completed System Readiness Checklist provided by th e Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS. 

I.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

1.5  QUALITY ASSURANCE 

A.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC, whi ch includes welding 

qualifications. 

B.  The products and execution of work specified in thi s section shall 

conform to the referenced codes and standards as re quired by the 

specifications. Local codes and amendments shall be  enforced, along 

with requirements of local utility companies. The m ost stringent 

requirements of these specifications, local codes, or utility company 

requirements shall always apply. Any conflicts shal l be brought to the 

attention of the COR. 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 22 13 - 5 

C.  Welding Qualifications: Before any welding is perfo rmed, contractor 

shall submit a certificate certifying that welders comply with the 

following requirements: 

1.  Qualify welding processes and operators for piping according to ASME 

BPVC Section IX, AWS Z49.1 and AWS B2.1/B2.1M. 

2.  Comply with provisions in ASME B31.9, ASME B31.1. 

3.  Certify that each welder and welding operator has p assed AWS 

qualification tests for welding processes involved and that 

certification is current and recent. Submit documen tation to the 

COR. 

4.  All welds shall be stamped according to the provisi ons of the 

American Welding Society. 

D.  ASME Compliance: Comply with ASME B31.9, ASME B31.1  for materials, 

products, and installation. Safety valves and press ure vessels shall 

bear appropriate ASME labels. 

1.6  AS-BUILT DOCUMENTATION 

A.  Submit manufacturer’s literature and data updated t o include submittal 

review comments and any equipment substitutions. 

B.  Submit operation and maintenance data updated to in clude submittal 

review comments, VA approved substitutions and cons truction revisions 

shall be in electronic version on CD or DVD inserte d into a three-ring 

binder. All aspects of system operation and mainten ance procedures, 

including applicable piping isometrics, wiring diag rams of all 

circuits, a written description of system design, c ontrol logic, and 

sequence of operation shall be included in the oper ation and 

maintenance manual. The operations and maintenance manual shall include 

troubleshooting techniques and procedures for emerg ency situations. 

Notes on all special systems or devices shall be in cluded. A List of 

recommended spare parts (manufacturer, model number , and quantity) 

shall be furnished. Information explaining any spec ial knowledge or 

tools the owner will be required to employ shall be  inserted into the 

As-Built documentation. 

C.  The installing contractor shall maintain as-built d rawings of each 

completed phase for verification; and, shall provid e the complete set 

at the time of final systems certification testing.  Should the 

installing contractor engage the testing company to  provide as-built or 

any portion thereof, it shall not be deemed a confl ict of interest or 
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breach of the ‘third party testing company’ require ment. Provide record 

drawings as follows: 

1.  Not Used  

2.  As-built drawings are to be provided, with a copy o f them on AutoCAD 

version, to be determined during construction, prov ided on CD or 

DVD. The CAD drawings shall use multiple line layer s with a separate 

individual layer for each system. 

3.  Not Used  

D.  The as-built drawings shall indicate the location a nd type of all 

lockout/tagout points for all energy sources for al l equipment and 

pumps to include breaker location and numbers, valv e tag numbers, etc. 

Coordinate lockout/tagout procedures and practices with local VA 

requirements. 

E.  Certification documentation shall be provided to CO R 21 working days 

prior to submitting the request for final inspectio n. The documentation 

shall include all test results, the names of indivi duals performing 

work for the testing agency on this project, detail ed procedures 

followed for all tests, and provide documentation/c ertification that 

all results of tests were within limits specified. Test results shall 

contain written sequence of test procedure with wri tten test results 

annotated at each step along with the expected outc ome or setpoint. The 

results shall include all readings, including but n ot limited to data 

on device (make, model and performance characterist ics), normal 

pressures, switch ranges, trip points, amp readings , and calibration 

data to include equipment serial numbers or individ ual identifications, 

etc. 

PART 2 - PRODUCTS 

2.1  PIPE AND EQUIPMENT SUPPORTS, PIPE SLEEVES, AND WALL  AND CEILING PLATES 

A.  Provide in accordance with Section 23 05 11, COMMON  WORK RESULTS FOR 

HVAC. 

2.2  PIPE AND TUBING 

A.  Steam Piping: Steel, ASTM A53/A53M, Grade B, seamle ss or ERW; ASTM 

A106/A106M Grade B, seamless; Schedule 40. 

B.  Steam Condensate and Pumped Condensate Piping: Stee l, ASTM A53/A53M, 

Grade B, seamless or ERW; or ASTM A106/A106M Grade B, seamless, 

Schedule 80. 
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C.  Vent Piping: Steel, ASTM A53/A53M, Grade B, seamles s or ERW; ASTM 

A106/A106M Grade B, seamless; Schedule 40, galvaniz ed. 

2.3  FITTINGS FOR STEEL PIPE 

A.  50 mm (2 inches) and Smaller: Screwed or welded. 

1.  Cast iron fittings or piping is not acceptable for steam and steam 

condensate piping. Bushing reduction or use of clos e nipples is not 

acceptable. 

2.  Forged steel, socket welding or threaded: ASME B16. 11, 13,790 kPa 

(2000 psig) class with ASME B1.20.1 threads. Use Sc hedule 80 pipe 

and fittings for threaded joints. Lubricant or seal ant shall be oil 

and graphite or other compound approved for the int ended service. 

3.  Unions: Forged steel, 13,790 kPa (2000 psig) class or 20,685 kPa 

(3000 psig) class on piping 50 mm (2 inches) and un der. 

4.  Steam line drip station and strainer quick-couple b lowdown hose 

connection: Straight through, plug and socket, scre w or cam locking 

type for 15 mm (1/2 inch) ID hose. No integral shut -off is required. 

B.  65 mm (2-1/2 inches) and Larger: Welded or flanged joints. 

1.  Cast iron fittings or piping is not acceptable for steam and steam 

condensate piping. 

2.  Butt welding fittings: ASME B16.9 with same wall th ickness as 

connecting piping. Elbows shall be long radius type , unless 

otherwise noted. 

3.  Welding flanges and bolting: ASME B16.5: 

a.  Steam service: Weld neck or slip-on, raised face, w ith non-

asbestos gasket. Non-asbestos gasket shall either b e stainless 

steel spiral wound strip with flexible graphite fil ler or 

compressed inorganic fiber with nitrile binder rate d for 

saturated and superheated steam service 400 degrees  C (750 

degrees F) and 10,342 kPa (1500 psig). 

b.  Flange bolting: Carbon steel machine bolts or studs  and nuts, 

ASTM A307, Grade B. 

C.  Welded Branch and Tap Connections: Forged steel wel dolets, or 

branchlets and threadolets may be used for branch c onnections up to one 

pipe size smaller than the main. Forged steel half- couplings, ASME 

B16.11 may be used for drain, vent and gauge connec tions. 

2.4  DIELECTRIC FITTINGS 

A.  Provide where dissimilar metal pipe are joined. 
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B.  50 mm (2 inches) and Smaller: Threaded dielectric u nion. 

C.  65 mm (2-1/2 inches) and Larger: Flange union with dielectric gasket 

and bolt sleeves, ASME B16.42. 

D.  Temperature Rating, 121 degrees C (250 degrees F) f or steam condensate 

and as required for steam service. 

E.  Contractor’s option: On pipe sizes 50 mm (2 inches)  and smaller, 

screwed end steel gate valves or dielectric nipples  may be used in lieu 

of dielectric unions. 

2.5  VALVES 

A.  Asbestos packing is not acceptable. 

B.  All valves of the same type shall be products of a single manufacturer. 

C.  Provide chain operators for valves 150 mm (6 inches ) and larger when 

the centerline is located 2.1 m (7 feet) or more ab ove the floor or 

operating platform. 

D.  Shut-Off Valves: 

1.  Gate Valves: 

a.  50 mm (2 inches) and smaller: Forged steel body, ra ted for 1380 

kPa (200 psig) saturated steam, 2758 kPa (400 psig)  WOG, bronze 

wedges and Monel or stainless-steel seats, threaded  ends, rising 

stem, and union bonnet. 

b.  65 mm (2-1/2 inches) and larger: Flanged, outside s crew and yoke. 

1)  High pressure steam 110 kPa (16 psig) and above sys tem): Cast 

steel body, ASTM A216/A216M grade WCB, 1035 kPa (15 0 psig) at 

260 degrees C (500 degrees F), 11-1/2 to 13 percent  chrome 

stainless steel solid disc and seats. Provide 25 mm  (1 inch) 

factory installed bypass with globe valve on valves  100 mm (4 

inches) and larger. 

2)  All other services: Forged steel body, Class B, rat ed for 850 

kPa (123 psig) saturated steam, 1380 kPa (200 psig)  WOG, 

bronze or bronze face wedge and seats, 850 kPa (123  psig) ASME 

flanged ends, OS&Y, rising stem, bolted bonnet, and  renewable 

seat rings. 

E.  Globe and Angle Valves: 

1.  Globe Valves: 

a.  50 mm (2 inches) and smaller: Forged steel body, ra ted for 1380 

kPa (200 psig) saturated steam, 2758 kPa (400 psig)  WOG, hardened 
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stainless steel disc and seat, threaded ends, risin g stem, union 

bonnet, and renewable seat rings. 

b.  65 mm (2-1/2 inches) and larger: 

1)  Globe valves for high pressure steam 110 kPa (16 ps ig): Cast 

steel body, ASTM A216/A216M grade WCB, flanged, OS& Y, 1035 kPa 

(150 psig) at 260 degrees C (500 degrees F), 11-1/2  to 13 

percent chrome stainless steel disc and renewable s eat rings. 

2)  All other services: Steel body, rated for 850 kPa ( 123 psig) 

saturated steam, 1380 kPa (200 psig) WOG, bronze or  bronze-

faced disc (Teflon or composition facing permitted)  and seat, 

850 kPa (123 psig) ASME flanged ends, OS&Y, rising stem, 

bolted bonnet, and renewable seat rings. 

2.  Angle Valves: 

a.  50 mm (2 inches) and smaller: Cast steel 1035 kPa ( 150 psig), 

union bonnet with metal plug type disc. 

b.  65 mm (2-1/2 inches) and larger: 

1)  Angle valves for high pressure steam 110 kPa (16 ps ig): Cast 

steel body, ASTM A216/A216M grade WCB, flanged, OS& Y, 1035 kPa 

(150 psig) at 260 degrees C (500 degrees F), 11-1/2  to 13 

percent chrome stainless steel disc and renewable s eat rings. 

2)  All other services: 861 kPa (125 psig), flanged, ca st steel 

body, and bronze trim. 

F.  Swing Check Valves: 

1.  50 mm (2 inches) and smaller: Cast steel, 1035 kPa (150 psig), 45-

degree swing disc. 

2.  65 mm (2-1/2 inches) and Larger: 

a.  Check valves for high pressure steam 110 kPa (16 ps ig) and above 

system: Cast steel body, ASTM A216/A216M grade WCB,  flanged, 

OS&Y, 1035 kPa (150 psig) at 260 degrees C (500 deg rees F), 11-

1/2 to 13 percent chrome stainless steel disc and r enewable seat 

rings. 

b.  All other services: 861 kPa (125 psig), flanged, ca st steel body, 

and bronze trim. 

G.  Not Used 

2.6  STRAINERS 

A.  Basket or Y Type. Tee type is acceptable for gravit y flow and pumped 

steam condensate service. 
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B.  Not Used  

C.  All Other Services: Rated 861 kPa (125 psig) satura ted steam. 

1.  50 mm (2 inches) and smaller: Cast steel body. 

2.  65 mm (2-1/2 inches) and larger: Flanged, cast stee l body. 

D.  Screens: Bronze, Monel metal or 18-8 stainless stee l, free area not 

less than 2-1/2 times pipe area, with perforations as follows: 

1.  75 mm (3 inches) and smaller: 20 mesh for steam and  1.1 mm (0.045 

inch) diameter perforations for liquids. 

2.  100 mm (4 inches) and larger: 1.1 mm (0.045) inch d iameter 

perforations for steam and 3.2 mm (1/8 inch) diamet er perforations 

for liquids. 

2.7  PIPE ALIGNMENT 

A.  Guides: Provide factory-built guides along the pipe  line to permit 

axial movement only and to restrain lateral and ang ular movement. 

Guides must be designed to withstand a minimum of 1 5 percent of the 

axial force which will be imposed on the expansion joints and anchors. 

Field-built guides may be used if detailed on the c ontract drawings. 

2.8  EXPANSION JOINTS 

A.  Factory built devices, inserted in the pipe lines, designed to absorb 

axial cyclical pipe movement which results from the rmal expansion and 

contraction. This includes factory-built or field-f abricated guides 

located along the pipe lines to restrain lateral pi pe motion and direct 

the axial pipe movement into the expansion joints. 

B.  Minimum Service Requirements: 

1.  Pressure Containment: 

a.  Steam Service 35-200 kPa (5-29 psig): Rated 345 kPa  (50 psig) at 

148 degrees C (298 degrees F). 

b.  Steam Service 214-850 kPa (31-123 psig): Rated 1035  kPa (150 

psig) at 186 degrees C (366 degrees F). 

c.  Not Used  

d.  Condensate Service: Rated 690 kPa (100 psig) at 154  degrees C 

(309 degrees F). 

2.  Number of Full Reverse Cycles without failure: Mini mum 1000. 

3.  Movement: As shown on drawings plus recommended saf ety factor of 

manufacturer. 

C.  Manufacturing Quality Assurance: Conform to Expansi on Joints 

Manufacturers Association Standards. 
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D.  Bellows - Internally Pressurized Type: 

1.  Multiple corrugations of Type 304 or Type A240-321 stainless steel. 

2.  Internal stainless-steel sleeve entire length of be llows. 

3.  External cast iron equalizing rings for services ex ceeding 345 kPa 

(50 psig). 

4.  Welded ends. 

5.  Design shall conform to standards of EJMA and ASME B31.1. 

6.  External tie rods designed to withstand pressure th rust force upon 

anchor failure if one or both anchors for the joint  are at change in 

direction of pipeline. 

7.  Integral external cover. 

E.  Bellows - Externally Pressurized Type: 

1.  Multiple corrugations of Type 304 stainless steel. 

2.  Internal and external guide integral with joint. 

3.  Design for external pressurization of bellows to el iminate squirm. 

4.  Welded ends. 

5.  Conform to the standards of EJMA and ASME B31.1. 

6.  Threaded connection at bottom, 25 mm (1 inch) minim um, for drain or 

drip point. 

7.  Integral external cover and internal sleeve. 

F.  Expansion Joint Identification: Provide stamped bra ss or stainless-

steel nameplate on each expansion joint listing the  manufacturer, the 

allowable movement, flow direction, design pressure  and temperature, 

date of manufacture, and identifying the expansion joint by the 

identification number on the contract drawings. 

2.9  FLEXIBLE BALL JOINTS 

A.  Design and Fabrication: One-piece component constru ction, fabricated 

from steel with welded ends, designed for a working  steam pressure of 

1725 kPa (250 psig) and a temperature of 232 degree s C (450 degrees F). 

Each joint shall provide for 360 degrees rotation i n addition to a 

minimum angular flexible movement of 30 degrees for  sizes 6 mm (1/4 

inch) to 150 mm (6 inch) inclusive, and 15 degrees for sizes 65 mm (2-

1/2 inches) to 762 mm (30 inches). Joints through 3 55 mm (14 inches) 

shall have forged pressure retaining members; while  size 406 mm (16 

inches) through 762 mm (30 inches) shall be of one- piece construction. 
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B.  Material: 

1.  Cast or forged steel pressure containing parts and bolting in 

accordance with ASME BPVC Section II or ASME B31.1.  Retainer may be 

ductile iron ASTM A536, Grade 65-45-12, or ASME BPV C Section II SA 

515, Grade 70. 

2.  Gaskets: Steam pressure molded composition design f or a temperature 

range of from minus 10 degrees C (50 degrees F) to plus 274 degrees 

C (525 degrees F). 

C.  Certificates: Submit qualifications of ball joints in accordance with 

the following test data: 

1.  Low pressure leakage test: 41 kPa (6 psig) saturate d steam for 60 

days. 

2.  Flex cycling: 800 Flex cycles at 3447 kPa (500 psig ) saturated 

steam. 

3.  Thermal cycling: 100 saturated steam pressure cycle s from 

atmospheric pressure to operating pressure and back  to atmospheric 

pressure. 

4.  Environmental shock tests: Forward certificate from  a recognized 

test laboratory, that ball joints of the type submi tted has passed 

shock testing in accordance with Mil. Spec MIL-S-90 1. 

5.  Vibration: 170 hours on each of three mutually perp endicular axes at 

25 to 125 Hz; 1.3 mm to 2.5 mm (0.05 inch to 0.10 i nch) double 

amplitude on a single ball joint and 3 ball joint o ff set. 

2.10  STEAM SYSTEM COMPONENTS 

A.  Heat Exchanger (Steam to Hot Water): Shell and tube  type, U-bend 

removable tube bundle, steam in shell, water in tub es, equipped with 

support cradles. 

1.  Maximum tube velocity: 2.3 m/s (7.5 f/s). 

2.  Tube fouling factor: TEMA Standards, but not less t han 0.00018 m 2K/W 

(0.001 ft 2hrF/Btu). 

3.  Materials: 

a.  Shell: Steel. 

b.  Tube sheet and tube supports: Steel or brass. 

c.  Tubes: 20 mm (3/4 inch) OD copper. 

d.  Head or bonnet: Steel. 
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4.  Construction: In accordance with ASME Pressure Vess el Code for 861 

kPa (125 psig) working pressure for shell and tubes . Provide 

manufacturer's certified data report, Form No. U-1.  

B.  Optional Heat Transfer Package: In lieu of field er ected individual 

components, the Contractor may provide a factory or  shop assembled 

package of heat exchangers, pumps, and other compon ents, pre-piped and 

pre-wired and supported on a welded steel frame or skid. 

C.  Steam Pressure Reducing Valves in PRV Stations: 

1.  Type: Single-seated, diaphragm operated, spring-loa ded, external or 

internal steam pilot-controlled, normally closed, a djustable set 

pressure. Pilot shall sense controlled pressure dow nstream of main 

valve. 

2.  Service: Provide controlled reduced pressure to ste am piping 

systems. 

3.  Pressure control shall be smooth and continuous wit h maximum drop of 

10 percent deviation from set pressure. Maximum flo w capacity of 

each valve shall not exceed capacity of downstream safety valve(s). 

4.  Main valve and pilot valve shall have replaceable v alve plug and 

seat of stainless steel, Monel, or similar durable material. 

a.  Pressure rating for high pressure steam: Not less t han 1035 kPa 

(150 psig) saturated steam. 

b.  Connections: Flanged for valves 65 mm (2-1/2 inches ) and larger; 

flanged or threaded ends for smaller valves. 

5.  Select pressure reducing valves to develop less tha n 85 db(A) at 1.5 

m (5 feet) elevation above adjacent floor, and 1.5 m (5 feet) 

distance in any direction. Inlet and outlet piping for steam 

pressure reducing valves shall be Schedule 80 minim um for required 

distance to achieve required levels or sound attenu ators shall be 

applied. 

6.  Direct-Digital Control PRV Valves: May be furnished  in lieu of steam 

operated valves. All specification requirements for  steam operated 

valves apply. In the event of signal failure, fails afe device 

accessory in the actuator to stroke valve to predet ermined position 

indicated. Install per manufacturer’s recommendatio n. 

D.  Safety Valves and Accessories: Comply with ASME BPV C Section VIII. 

Capacities shall be certified by National Board of Boiler and Pressure 

Vessel Inspectors, maximum accumulation 10 percent.  Provide lifting 
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lever. Provide drip pan elbow where shown. Valve sh all have stainless 

steel seats and trim. 

E.  Steam PRV for Individual Equipment: Cast steel body , screwed or flanged 

ends, rated 861 kPa (125 psig), or 20 percent above  the working 

pressure, whichever is greater. Single-seated, diap hragm operated, 

spring loaded, adjustable range, all parts renewabl e. 

F.  Not Used  

G.  Steam Trap: Each type of trap shall be the product of a single 

manufacturer. Provide trap sets at all low points a nd at 61 m (200 

feet) intervals on the horizontal main lines. 

1.  Floats and linkages shall provide sufficient force to open trap 

valve over full operating pressure range available to the system. 

Unless otherwise indicated on the drawings, traps s hall be sized for 

capacities indicated at minimum pressure drop as fo llows: 

a.  For equipment with modulating control valve: 1.7 kP a (1/4 psig), 

based on a condensate leg of 300 mm (12 inches) at the trap inlet 

and gravity flow to the receiver. 

b.  For main line drip trap sets and other trap sets at  steam 

pressure: Up to 70 percent of design differential p ressure. 

Condensate may be lifted to the return line. 

2.  Trap bodies: Steel, constructed to permit ease of r emoval and 

servicing working parts without disturbing connecti ng piping. The 

use of 4 bolt raised face flange is required. The u se of unions is 

unacceptable for steam trap maintenance. For system s without relief 

valve traps shall be rated for the pressure upstrea m of the steam 

supplying the system. 

3.  Balanced pressure thermostatic elements: Phosphor b ronze, stainless 

steel or Monel metal. 

4.  Valves and seats: Suitable hardened corrosion resis tant alloy. 

5.  Mechanism: Brass, stainless steel or corrosion resi stant alloy. 

6.  Floats: Stainless steel. 

7.  Inverted bucket traps: Provide bi-metallic thermost atic element for 

rapid release of non-condensables. 

H.  Not Used  

I.  Thermostatic Air Vent (Steam): Steel body, balanced  pressure bellows, 

stainless steel (renewable) valve and seat, rated 8 61 kPa (125 psig) 

working pressure, 20 mm (3/4 inch) screwed connecti ons. Air vents shall 



08-01-17 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 22 13 - 15 

be balanced pressure type that responds to steam pr essure-temperature 

curve and vents air at any pressure. 

J.  Not Used  

K.  Not Used 

L.  Not Used  

M.  Not Used  

N.  Not Used  

O.  Not Used  

2.11  GAUGES, PRESSURE AND COMPOUND 

A.  ASME B40.100, Accuracy Grade 1A, (pressure, vacuum,  or compound), 

initial mid-scale accuracy 1 percent of scale (Qual ify grade), metal or 

phenolic case, 115 mm (4-1/2 inches) in diameter, 6  mm (1/4 inch) NPT 

bottom connection, white dial with black graduation s and pointer, clear 

glass or acrylic plastic window, suitable for board  mounting. Provide 

red "set hand" to indicate normal working pressure.  

B.  Provide steel, lever handle union cock. Provide ste el or stainless-

steel pressure snubber for gauges in water service.  Provide steel 

pigtail syphon for steam gauges. 

C.  Pressure gauge ranges shall be selected such that t he normal operating 

pressure for each gauge is displayed near the midpo int of each gauge’s 

range. Gauges with ranges selected such that the no rmal pressure is 

displayed at less than 30 percent or more than 70 p ercent of the 

gauge’s range are prohibited. The units of pressure  shall be psig. 

2.12  PRESSURE/TEMPERATURE TEST PROVISIONS 

A.  Provide one each of the following test items to the  COR: 

1.  6 mm (1/4 inch) FPT by 3.2 mm (1/8 inch) diameter s tainless steel 

pressure gauge adapter probe for extra-long test pl ug. 

Pressure/temperature plug is an example. 

2.  90 mm (3-1/2 inch) diameter, one percent accuracy, compound gauge, 

762 mm (30 inches) Hg to 690 kPa (100 psig) range. 

3.  0 to 104 degrees C (32 to 220 degrees F) pocket the rmometer one-half 

degree accuracy, 25 mm (1 inch) dial, 125 mm (5 inc h) long 

stainless-steel stem, plastic case. 

2.13  FIRESTOPPING MATERIAL 

A.  Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 
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2.14  ELECTRICAL HEAT TRACING SYSTEMS – NOT USED 

PART 3 - EXECUTION 

3.1  GENERAL 

A.  If an installation is unsatisfactory to the COR, th e Contractor shall 

correct the installation at no additional cost or t ime to the 

Government. 

B.  The drawings show the general arrangement of pipe a nd equipment but do 

not show all required fittings and offsets that may  be necessary to 

connect pipes to equipment, fan-coils, coils, radia tors, etc., and to 

coordinate with other trades. Provide all necessary  fittings, offsets 

and pipe runs based on field measurements and at no  additional cost or 

time to the Government. Coordinate with other trade s for space 

available and relative location of HVAC equipment a nd accessories to be 

connected on ceiling grid. Pipe location on the dra wings shall be 

altered by contractor where necessary to avoid inte rferences and 

clearance difficulties. 

C.  Store materials to avoid excessive exposure to weat her or foreign 

materials. Keep inside of piping relatively clean d uring installation 

and protect open ends when work is not in progress.  

D.  Support piping securely. Refer to PART 3, Section 2 3 05 11, COMMON WORK 

RESULTS FOR HVAC. Install convertors and other heat  exchangers at 

height sufficient to provide gravity flow of conden sate to the flash 

tank and condensate pump. 

E.  Install piping generally parallel to walls and colu mn center lines, 

unless shown otherwise on the drawings. Space pipin g, including 

insulation, to provide 25 mm (1 inch) minimum clear ance between 

adjacent piping and another surface. Unless shown o therwise, slope 

steam, condensate and drain piping down in the dire ction of flow not 

less than 25 mm (1 inch) in 12 m (40 feet). Provide  eccentric reducers 

to keep bottom of sloped piping flat. 

F.  Locate and orient valves to permit proper operation  and access for 

maintenance of packing, seat and disc. Generally, l ocate valve stems in 

overhead piping in horizontal position. Provide a u nion adjacent to one 

end of all threaded end valves. Control valves usua lly require reducers 

to connect to pipe sizes shown on the drawing. 

G.  Offset equipment connections to allow valving off f or maintenance and 

repair with minimal removal of piping. Provide flex ibility in equipment 
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connections and branch line take-offs with 3-elbow swing joints where 

noted on the drawings. 

H.  Tee water piping runouts or branches into the side of mains or other 

branches. Avoid bull-head tees, which are two retur n lines entering 

opposite ends of a tee and exiting out the common s ide. 

I.  Connect piping to equipment as shown on the drawing s. Install 

components furnished by others such as flow element s (orifice unions), 

control valve bodies, flow switches, pressure taps with valve, and 

wells for sensors. 

J.  Firestopping: Fill openings around uninsulated pipi ng penetrating 

floors or fire walls, with firestop material. For f irestopping 

insulated piping refer to Section 23 07 11, HVAC AN D BOILER PLANT 

INSULATION. 

K.  Pipe vents to the exterior. Where a combined vent i s provided, the 

cross-sectional area of the combined vent shall be equal to sum of 

individual vent areas. Slope vent piping 25 mm (1 i nch) in 12 m (40 

feet) 0.25 percent in direction of flow. Provide a drip pan elbow on 

relief valve outlets if the vent rises to prevent b ackpressure. 

Terminate vent minimum 300 mm (12 inches) above the  roof or through the 

wall minimum 2.4 m (8 feet) above grade with down t urned elbow. 

3.2  WELDING 

A.  The contractor is entirely responsible for the qual ity of the welding 

and shall: 

1.  Conduct tests of the welding procedures used on the  project, verify 

the suitability of the procedures used, verify that  the welds made 

will meet the required tests, and also verify that the welding 

operators have the ability to make sound welds unde r standard 

conditions. 

2.  Perform all welding operations required for constru ction and 

installation of the piping systems. 

B.  Qualification of Welders: Rules of procedure for qu alification of all 

welders and general requirements for fusion welding  shall conform with 

the applicable portions of ASME B31.1, AWS B2.1/B2. 1M, AWS Z49.1, and 

also as outlined below. 

C.  Examining Welder: Examine each welder at job site, in the presence of 

the COR, to determine the ability of the welder to meet the 

qualifications required. Test welders for piping fo r all positions, 
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including welds with the axis horizontal (not rolle d) and with the axis 

vertical. Each welder shall be allowed to weld only  in the position in 

which he has qualified and shall be required to ide ntify his welds with 

his specific code marking signifying his name and n umber assigned. 

D.  Examination Results: Provide the COR with a list of  names and 

corresponding code markings. Retest welders who fai l to meet the 

prescribed welding qualifications. Disqualify welde rs, who fail the 

second test, for work on the project. 

E.  Beveling: Field bevels and shop bevels shall be don e by mechanical 

means or by flame cutting. Where beveling is done b y flame cutting, 

surfaces shall be thoroughly cleaned of scale and o xidation just prior 

to welding. Conform to specified standards. 

F.  Alignment: Provide approved welding method for join ts on all pipes 

greater than 50 mm (2 inches) to assure proper alig nment, complete weld 

penetration, and prevention of weld spatter reachin g the interior of 

the pipe. 

G.  Erection: Piping shall not be split, bent, flattene d, or otherwise 

damaged before, during, or after installation. If t he pipe temperature 

falls to 0 degrees C (32 degrees F) or lower, the p ipe shall be heated 

to approximately 38 degrees C (100 degrees F) for a  distance of 300 mm 

(1 foot) on each side of the weld before welding, a nd the weld shall be 

finished before the pipe cools to 0 degrees C (32 d egrees F). 

H.  Non-Destructive Examination of Piping Welds: 

1.  Perform radiographic examination of 50 percent of t he first 10 welds 

made and 10 percent of all additional welds made. T he COR reserves 

the right to identify individual welds for which th e radiographic 

examination must be performed. All welds will be vi sually inspected 

by the COR. The VA reserves the right to require te sting on 

additional welds up to 100 percent if more than 25 percent of the 

examined welds fail the inspection. 

2.  An approved independent testing firm regularly enga ged in 

radiographic testing shall perform the radiographic  examination of 

pipe joint welds. All radiographs shall be reviewed  and interpreted 

by an ASNT Certified Level III radiographer, employ ed by the testing 

firm, who shall sign the reading report. 

3.  Comply with ASME B31.1. Furnish a set of films show ing each weld 

inspected, a reading report evaluating the quality of each weld, and 
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a location plan showing the physical location where  each weld is to 

be found in the completed project. The COR and the commissioning 

agent shall be given a copy of all reports to be ma intained as part 

of the project records and shall review all inspect ion records. 

I.  Defective Welds: Replace and reinspect defective we lds. Repairing 

defective welds by adding weld material over the de fect or by peening 

are prohibited. Welders responsible for defective w elds must be 

requalified prior to resuming work on the project. 

J.  Electrodes: Electrodes shall be stored in a dry hea ted area, and be 

kept free of moisture and dampness during the fabri cation operations. 

Discard electrodes that have lost part of their coa ting. 

3.3  PIPE JOINTS 

A.  Welded: Beveling, spacing and other details shall c onform to ASME B31.1 

and AWS B2.1/B2.1M. See Welder’s qualification requ irements under 

"Quality Assurance" in Section 23 05 11, COMMON WOR K RESULTS FOR HVAC. 

B.  Screwed: Threads shall conform to ASME B1.20.1; joi nt compound shall be 

applied to male threads only and joints made up so no more than three 

threads show. Coat exposed threads on steel pipe wi th joint compound, 

or red lead paint for corrosion protection. 

C.  125 Pound Cast Steel Flange (Plain Face): Mating fl ange shall have 

raised face, if any, removed to avoid overstressing  the cast steel 

flange. 

3.4  EXPANSION JOINTS (BELLOWS AND SLIP TYPE) 

A.  Anchors and Guides: Provide type, quantity and spac ing as recommended 

by manufacturer of expansion joint and as shown. A professional 

engineer shall verify in writing that anchors and g uides are properly 

designed for forces and moments which will be impos ed. 

B.  Cold Set: Provide setting of joint travel at instal lation as 

recommended by the manufacturer for the ambient tem perature during the 

installation. 

C.  Preparation for Service: Remove all apparatus provi ded to restrain 

joint during shipping or installation. Representati ve of manufacturer 

shall visit the site and verify that installation i s proper. 

D.  Access: Expansion joints must be located in readily  accessible space. 

Locate joints to permit access without removing pip ing or other 

devices. Allow clear space to permit replacement of  joints and to 
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permit access to devices for inspection of all surf aces and for adding 

packing. 

3.5  STEAM TRAP PIPING 

A.  Install to permit gravity flow to the trap. Provide  gravity flow (avoid 

lifting condensate) from the trap where modulating control valves are 

used. Support traps weighing over 11 kg (24 pounds)  independently of 

connecting piping. 

3.6  SEISMIC BRACING – NOT USED 

3.7  LEAK TESTING 

A.  Inspect all joints and connections for leaks and wo rkmanship and make 

corrections as necessary, to the satisfaction of th e COR in accordance 

with the specified requirements. Testing shall be p erformed in 

accordance with the specification requirements. 

B.  An operating test at design pressure, and for hot s ystems, design 

maximum temperature. 

C.  A hydrostatic test at 1.5 times design pressure. Fo r water systems, the 

design maximum pressure would usually be the static  head, or expansion 

tank maximum pressure, plus pump head. Factory test ed equipment 

(convertors, exchangers, coils, etc.) need not be f ield tested. Avoid 

excessive pressure on mechanical seals and safety d evices. 

D.  Prepare and submit test and inspection reports to t he COR within 5 

working days of test completion and prior to coveri ng the pipe. 

E.  All tests shall be witnessed by the COR, their repr esentative, or the 

Commissioning Agent and be documented by each secti on tested, date 

tested, and list or personnel present. 

3.8  FLUSHING AND CLEANING PIPING SYSTEMS 

A.  Steam, Condensate and Vent Piping: The piping syste m shall be flushed 

clean prior to equipment connection. Cleaning inclu des pulling all 

strainer screens and cleaning all scale/dirt legs d uring startup 

operation. Contractor shall be responsible for dama ge caused by 

inadequately cleaned/flushed systems. 

3.9  ELECTRIC HEAT TRACING – NOT USED 

3.10  STARTUP AND TESTING 

A.  Perform tests as recommended by product manufacture r and listed 

standards and under actual or simulated operating c onditions and prove 

full compliance with design and specified requireme nts. Tests of the 
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various items of equipment shall be performed simul taneously with the 

system of which each item is an integral part. 

B.  When any defects are detected, correct defects and repeat test at no 

additional cost or time to the Government. 

C.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with COR and Commissioning Agent. Provide  a minimum notice of 

10 working days prior to startup and testing. 

D.  Adjust red set hand on pressure gauges to normal wo rking pressure. 

3.11  COMMISSIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS.  

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. 

3.12  DEMONSTRATION AND TRAINING 

A.  Provide services of manufacturer’s technical repres entative for 4 hours 

to instruct each VA personnel responsible in operat ion and maintenance 

of the system. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00, COMMISSIONING  OF HVAC SYSTEMS. 

- - - E N D - - - 
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SECTION 23 23 00 
REFRIGERANT PIPING 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  Field refrigerant piping for direct expansion HVAC systems.  

B.  Refrigerant piping shall be sized, selected, and de signed either by the 

equipment manufacturer or in strict accordance with  the manufacturer’s 

published instructions.  The schematic piping diagr am shall show all 

accessories such as, stop valves, level indicators,  liquid receivers, 

oil separator, gauges, thermostatic expansion valve s, solenoid valves, 

moisture separators and driers to make a complete i nstallation.   

C.  Definitions:  

1.  Refrigerating system: Combination of interconnected  

refrigerant-containing parts constituting one close d refrigeration 

circuit in which a refrigerant is circulated for th e purpose of 

extracting heat.  

a.  Low side means the parts of a refrigerating system subjected to 

evaporator pressure.  

b.  High side means the parts of a refrigerating system  subjected to 

condenser pressure.  

2.  Brazed joint: A gas-tight joint obtained by the joi ning of metal 

parts with alloys which melt at temperatures higher  than 449 degrees 

C (840 degrees F) but less than the melting tempera tures of the 

joined parts.  

1.2  RELATED WORK 

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES. 

B.  Not Used  

C.  Not Used  

D.  Not Used  

E.  Not Used 

F.  Not Used   

G.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

H.  Section 23 07 11, HVAC, and BOILER PLANT INSULATION . 

I.  Section 23 21 13, HYDRONIC PIPING. 

J.  Section 23 64 00, PACKAGED WATER CHILLERS.   

1.3  QUALITY ASSURANCE  

A.  Refer to specification Section 23 05 11, COMMON WOR K RESULTS FOR HVAC.  
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B.  Comply with ASHRAE Standard 15, Safety Code for Mec hanical 

Refrigeration. The application of this Code is inte nded to assure the 

safe design, construction, installation, operation,  and inspection of 

every refrigerating system employing a fluid which normally is 

vaporized and liquefied in its refrigerating cycle.   

C.  Comply with ASME B31.5: Refrigerant Piping and Heat  Transfer 

Components. 

D.  Products shall comply with UL 207 "Refrigerant–Cont aining Components 

and Accessories, "Nonelectrical"; or UL 429 "Electr ical Operated 

Valves." 

1.4  SUBMITTALS  

A.  Submit in accordance with specification Section 01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES. 

B.  Shop Drawings:  

1.  Complete information for components noted, includin g valves and 

refrigerant piping accessories, clearly presented, shall be included 

to determine compliance with drawings and specifica tions for 

components noted below:  

a.  Tubing and fittings  

b.  Valves  

c.  Strainers  

d.  Moisture-liquid indicators  

e.  Filter-driers  

f.  Flexible metal hose  

g.  Liquid-suction interchanges  

h.  Oil separators (when specified)  

i.  Gages  

j.  Pipe and equipment supports  

k.  Refrigerant and oil  

l.  Not Used  

m.  Soldering and brazing materials 

2.  Layout of refrigerant piping and accessories, inclu ding flow 

capacities, valves locations, and oil traps slopes of horizontal 

runs, floor/wall penetrations, and equipment connec tion details. 

C.  Certification: Copies of certificates for welding p rocedure, 

performance qualification record and list of welder s' names and 

symbols. 
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D.  Design Manual: Furnish two copies of design manual of refrigerant 

valves and accessories.  

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  Air Conditioning, Heating, and Refrigeration Instit ute (ARI/AHRI):  

495-1999 (R2002)........Standard for Refrigerant Li quid Receivers 

730-2005................Flow Capacity Rating of Suc tion-Line Filters 

and Suction-Line Filter-Driers 

750-2007................Thermostatic Refrigerant Ex pansion Valves 

760-2007................Performance Rating of Solen oid Valves for Use 

with Volatile Refrigerants   

C.  American Society of Heating Refrigerating and Air C onditioning 

Engineers (ASHRAE):  

ANSI/ASHRAE 15-2007.....Safety Standard for Refrige ration Systems 

(ANSI) 

ANSI/ASHRAE 17-2008.....Method of Testing Capacity of Thermostatic 

Refrigerant Expansion Valves (ANSI) 

63.1-95 (RA 01).........Method of Testing Liquid Li ne Refrigerant 

Driers (ANSI) 

D.  American National Standards Institute (ANSI):  

ASME (ANSI)A13.1-2007...Scheme for Identification o f Piping Systems 

Z535.1-2006.............Safety Color Code 

E.  American Society of Mechanical Engineers (ASME): 

ANSI/ASME B16.22-2001 (R2005)  

Wrought Copper and Copper Alloy Solder-Joint Pressu re Fittings (ANSI) 

ANSI/ASME B16.24-2006 Cast Copper Alloy Pipe Flange s and Flanged 

Fittings, Class 150, 300, 400, 600, 900, 1500 and 2 500 (ANSI)  

 

ANSI/ASME B31.5-2006....Refrigeration Piping and He at Transfer 

Components (ANSI) 

ANSI/ASME B40.100-2005..Pressure Gauges and Gauge A ttachments 

ANSI/ASME B40.200-2008..Thermometers, Direct Readin g and Remote Reading 

F.  American Society for Testing and Materials (ASTM) 
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A126-04.................Standard Specification for Gray Iron Castings 

for Valves, Flanges, and Pipe FittingsB32-08

 Standard Specification for Solder Metal  

B88-03..................Standard Specification for Seamless Copper 

Water Tube  

B88M-05.................Standard Specification for Seamless Copper 

Water Tube (Metric)   

B280-08.................Standard Specification for Seamless Copper Tube 

for Air Conditioning and Refrigeration Field 

Service  

G.  American Welding Society, Inc. (AWS): 

Brazing Handbook 

A5.8/A5.8M-04...........Standard Specification for Filler Metals for 

Brazing and Braze Welding 

H.  Federal Specifications (Fed. Spec.) 

Fed. Spec. GG 

I.  Underwriters Laboratories (U.L.): 

U.L.207-2009............Standard for Refrigerant-Co ntaining Components 

and Accessories, Nonelectrical 

U.L.429-99 (Rev.2006)...Standard for Electrically O perated Valves 

PART 2 -  PRODUCTS  

2.1  PIPING AND FITTINGS  

A.  Refrigerant Piping: For piping up to 100 mm (4 inch ) use Copper 

refrigerant tube, ASTM B280, cleaned, dehydrated an d sealed, marked ACR 

on hard temper straight lengths. Coils shall be tag ged ASTM B280 by the 

manufacturer.  For piping over 100 mm (4 inch) use A53 Black SML steel. 

B.  Water and Drain Piping: Copper water tube, ASTM B88 M, Type B or C (ASTM 

B88, Type M or L). Optional drain piping material: Schedule 80 flame 

retardant Polypropylene plastic.  

C.  Fittings, Valves and Accessories:  

1.  Copper fittings: Wrought copper fittings, ASME B16. 22.  

a.  Brazed Joints, refrigerant tubing: Cadmium free, AW S A5.8/A5.8M, 

45 percent silver brazing alloy, Class BAg-5.  

b.  Solder Joints, water and drain: 95-5 tin-antimony, ASTM B32 

(95TA).  

2.  Steel fittings: ASTM wrought steel fittings.  

a.  Refrigerant piping – Welded Joints.  
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3.  Flanges and flanged fittings: ASME B16.24.  

4.  Refrigeration Valves:  

a.  Stop Valves: Brass or bronze alloy, packless, or pa cked type with 

gas tight cap, frost proof, back seating.  

b.  Pressure Relief Valves: Comply with ASME Boiler and  Pressure 

Vessel Code; UL listed.  Forged brass with nonferro us, corrosion 

resistant internal working parts of high strength, cast iron 

bodies conforming to ASTM A126, Grade B. Set valves  in accordance 

with ASHRAE Standard 15.   

c.  Solenoid Valves: Comply with ARI 760 and UL 429, UL -listed, two-

position, direct acting or pilot-operated, moisture  and 

vapor-proof type of corrosion resisting materials, designed for 

intended service, and solder-end connections. Fitte d with 

suitable NEMA 250 enclosure of type required by loc ation and 

normally open holding coil.  

d.  Thermostatic Expansion Valves: Comply with ARI 750.   Brass body 

with stainless-steel or non-corrosive non ferrous i nternal parts, 

diaphragm and spring-loaded (direct-operated) type with sensing 

bulb and distributor having side connection for hot -gas bypass 

and external equalizer. Size and operating characte ristics as 

recommended by manufacturer of evaporator and facto ry set for 

superheat requirements. Solder-end connections. Tes ting and 

rating in accordance with ASHRAE Standard 17.  

e.  Check Valves: Brass or bronze alloy with swing or l ift type, with 

tight closing resilient seals for silent operation;  designed for 

low pressure drop, and with solder-end connections.  Direction of 

flow shall be legibly and permanently indicated on the valve 

body. 

5.  Strainers: Designed to permit removing screen witho ut removing 

strainer from piping system, and provided with scre ens 80 to 100 

mesh in liquid lines DN 25 (NPS 1) and smaller, 60 mesh in liquid 

lines larger than DN 25 (NPS 1), and 40 mesh in suc tion lines. 

Provide strainers in liquid line serving each therm ostatic expansion 

valve, and in suction line serving each refrigerant  compressor not 

equipped with integral strainer.  

6.  Refrigerant Moisture/Liquid Indicators: Double-port ed type having 

heavy sight glasses sealed into forged bronze body and incorporating 
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means of indicating refrigerant charge and moisture  indication. 

Provide screwed brass seal caps.  

7.  Refrigerant Filter-Dryers: UL listed, angle or in-l ine type, as 

shown on drawings. Conform to ARI Standard 730 and ASHRAE Standard 

63.1. Heavy gage steel shell protected with corrosi on-resistant 

paint; perforated baffle plates to prevent desiccan t bypass. Size as 

recommended by manufacturer for service and capacit y of system with 

connection not less than the line size in which ins talled. Filter 

driers with replaceable filters shall be furnished with one spare 

element of each type and size.  

8.  Flexible Metal Hose: Seamless bronze corrugated hos e, covered with 

bronze wire braid, with standard copper tube ends. Provide in 

suction and discharge piping of each compressor.  

9.  Water Piping Valves and Accessories: Refer to speci fication Section 

23 21 13, HYDRONIC PIPING. 

10.  Oil Separators: Provide for condensing units, as sh own. All welded 

steel construction with capacity to eliminate a min imum of 95 

percent of the oil from the hot gas flowing through  it. Provide 

manufacturer's published ratings for minimum and ma ximum 

refrigeration tonnage corresponding to this oil sep arating 

efficiency. Separator shall be equipped with a floa t valve to 

prevent return of the hot gas to crankcase, and sha ll have isolating 

stop valves so it can be opened and services withou t pumping out any 

other part of the system. ASME construction or UL l isted. 

11.  Receivers: Conform to AHRI 495, steel construction,  equipped with 

tappings for liquid inlet and outlet valves, pressu re relief valve 

and liquid level indicator.  

2.2  GAGES  

A.  Temperature Gages: Comply with ASME B40.200. Indust rial-duty type and 

in required temperature range for service in which installed. Gages 

shall have Celsius scale in 1-degree (Fahrenheit sc ale in 2-degree) 

graduations and with black number on a white face. The pointer shall be 

adjustable. Rigid stem type temperature gages shall  be provided in 

thermal wells located within 1525 mm (5 feet) of th e finished floor. 

Universal adjustable angle type or remote element t ype temperature 

gages shall be provided in thermal wells located 15 25 to 2135 mm (5 to 

7 feet) above the finished floor. Remote element ty pe temperature gages 
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shall be provided in thermal wells located 2135 mm (7 feet) above the 

finished floor. 

B.  Vacuum and Pressure Gages: Comply with ASME B40.100  and provide with 

throttling type needle valve or a pulsation dampene r and shut-off 

valve. Gage shall be a minimum of 90 mm (3-1/2 inch es) in diameter with 

a range from 0 kPa (0 psig) to approximately 1.5 ti mes the maximum 

system working pressure. Each gage range shall be s elected so that at 

normal operating pressure, the needle is within the  middle-third of the 

range. 

1.  Suction: 101 kPa (30 inches Hg) vacuum to 1723 kPa (gage) (250 

psig).  

2.  Discharge: 0 to 3445 kPa (gage) (0 to 500 psig).  

2.3  THERMOMETERS AND WELLS  

A.  Refer to specification Section 23 21 13, HYDRONIC P IPING.  

2.4  PIPE SUPPORTS  

A.  Refer to specification Section 23 05 11, COMMON WOR K RESULTS FOR HVAC.  

2.5  ELECTRICAL HEAT TRACING SYSTEM – NOT USED  

2.6  REFRIGERANTS AND OIL  

A.  Provide EPA approved refrigerant and oil for proper  system operation.  

2.7  PIPE/CONDUIT ROOF PENETRATION COVER – NOT USED  

2.8  PIPE INSULATION FOR DX HVAC SYSTEMS 

Refer to specification Section 23 07 11, HVAC, PLUM BING, and BOILER 

PLANT INSULATION.  

2.9  PIPE INSULATION FOR WALK-IN COOLERS AND FREEZERS AN D LABORATORY 
REFRIGERATORS AND MORTUARY REFRIGERATORS – NOT USED 

PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Install refrigerant piping and refrigerant containi ng parts in 

accordance with ASHRAE Standard 15 and ASME B31.5 

1.  Install piping as short as possible, with a minimum  number of 

joints, elbow and fittings. 

2.  Install piping with adequate clearance between pipe  and adjacent 

walls and hangers to allow for service and inspecti on. Space piping, 

including insulation, to provide 25 mm (1 inch) min imum clearance 

between adjacent piping or other surface. Use pipe sleeves through 

walls, floors, and ceilings, sized to permit instal lation of pipes 

with full thickness insulation.  
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3.  Locate and orient valves to permit proper operation  and access for 

maintenance of packing, seat and disc. Generally lo cate valve stems 

in overhead piping in horizontal position. Provide a union adjacent 

to one end of all threaded end valves. Control valv es usually 

require reducers to connect to pipe sizes shown on the drawing.  

4.  Use copper tubing in protective conduit when instal led below ground.  

5.  Install hangers and supports per ASME B31.5 and the  refrigerant 

piping manufacturer's recommendations. 

B.  Joint Construction: 

1.  Brazed Joints: Comply with AWS "Brazing Handbook" a nd with filler 

materials complying with AWS A5.8/A5.8M. 

a.  Use Type BcuP, copper-phosphorus alloy for joining copper socket 

fittings with copper tubing. 

b.  Use Type BAg, cadmium-free silver alloy for joining  copper with 

bronze or steel. 

c.  Swab fittings and valves with manufacturer's recomm ended cleaning 

fluid to remove oil and other compounds prior to in stallation.  

d.  Pass nitrogen gas through the pipe or tubing to pre vent oxidation 

as each joint is brazed. Cap the system with a reus able plug 

after each brazing operation to retain the nitrogen  and prevent 

entrance of air and moisture.  

C.  Protect refrigerant system during construction agai nst entrance of 

foreign matter, dirt and moisture; have open ends o f piping and 

connections to compressors, condensers, evaporators  and other equipment 

tightly capped until assembly. 

D.  Pipe relief valve discharge to outdoors for systems  containing more 

than 45 kg (100 lbs) of refrigerant.  

E.  Firestopping: Fill openings around uninsulated pipi ng penetrating 

floors or fire walls, with firestop material. For f irestopping 

insulated piping refer to Section 23 07 11, HVAC, a nd BOILER PLANT 

INSULATION. 

F.  Not Used  

3.2  PIPE AND TUBING INSULATION  

A.  Refer to specification Section 23 05 11, COMMON WOR K RESULTS FOR HVAC.  

B.  Apply two coats of weather-resistant finish as reco mmended by the 

manufacturer to insulation exposed to outdoor weath er.  
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3.3  SIGNS AND IDENTIFICATION  

A.  Each refrigerating system erected on the premises s hall be provided 

with an easily legible permanent sign securely atta ched and easily 

accessible, indicating thereon the name and address  of the installer, 

the kind and total number of pounds of refrigerant required in the 

system for normal operations, and the field test pr essure applied.  

B.  Systems containing more than 50 kg (110 lb) of refr igerant shall be 

provided with durable signs, in accordance with ANS I A13.1 and ANSI 

Z535.1, having letters not less than 13 mm (1/2 inc h) in height 

designating: 

1.  Valves and switches for controlling refrigerant flo w, the 

ventilation and the refrigerant compressor(s). 

2.  Signs on all exposed high pressure and low pressure  piping installed 

outside the machinery room, with name of the refrig erant and the 

letters "HP" or "LP." 

3.4  FIELD QUALITY CONTROL 

A.  Prior to initial operation examine and inspect pipi ng system for 

conformance to plans and specifications and ASME B3 1.5. Correct 

equipment, material, or work rejected because of de fects or 

nonconformance with plans and specifications, and A NSI codes for 

pressure piping. 

B.  After completion of piping installation and prior t o initial operation, 

conduct test on piping system according to ASME B31 .5. Furnish 

materials and equipment required for tests. Perform  tests in the 

presence of COR. If the test fails, correct defects  and perform the 

test again until it is satisfactorily done and all joints are proved 

tight. 

1.  Every refrigerant-containing parts of the system th at is erected on 

the premises, except compressors, condensers, evapo rators, safety 

devices, pressure gages, control mechanisms and sys tems that are 

factory tested, shall be tested and proved tight af ter complete 

installation, and before operation. 

2.  The high and low side of each system shall be teste d and proved 

tight at not less than the lower of the design pres sure or the 

setting of the pressure-relief device protecting th e high or low 

side of the system, respectively, except systems er ected on the 

premises using non-toxic and non-flammable Group A1  refrigerants 
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with copper tubing not exceeding DN 18 (NPS 5/8). T his may be tested 

by means of the refrigerant charged into the system  at the saturated 

vapor pressure of the refrigerant at 20 degrees C ( 68 degrees F) 

minimum.  

C.  Test Medium: A suitable dry gas such as nitrogen or  shall be used for 

pressure testing. The means used to build up test p ressure shall have 

either a pressure-limiting device or pressure-reduc ing device with a 

pressure-relief device and a gage on the outlet sid e. The pressure 

relief device shall be set above the test pressure but low enough to 

prevent permanent deformation of the system compone nts.  

D.  Not Used  

3.5  SYSTEM TEST AND CHARGING  

A.  System Test and Charging: As recommended by the equ ipment manufacturer 

or as follows:  

1.  Connect a drum of refrigerant to charging connectio n and introduce 

enough refrigerant into system to raise the pressur e to 70 kPa (10 

psi) gage. Close valves and disconnect refrigerant drum. Test system 

for leaks with halide test torch or other approved method suitable 

for the test gas used. Repair all leaking joints an d retest.  

2.  Connect a drum of dry nitrogen to charging valve an d bring test 

pressure to design pressure for low side and for hi gh side. Test 

entire system again for leaks.  

3.  Evacuate the entire refrigerant system by the tripl icate evacuation 

method with a vacuum pump equipped with an electron ic gage reading 

in mPa (microns).  Pull the system down to 665 mPa (500 microns) 665 

mPa (2245.6 inches of mercury at 60 degrees F) and hold for four 

hours then break the vacuum with dry nitrogen (or r efrigerant). 

Repeat the evacuation two more times breaking the t hird vacuum with 

the refrigeration to be charged and charge with the  proper volume of 

refrigerant.  

- - - E N D - - - 
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SECTION 23 25 00 

HVAC WATER TREATMENT 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  This section specifies cleaning and treatment of ci rculating HVAC water 

systems, including the following.  

1.  Cleaning compounds.  

2.  Chemical treatment for closed loop heat transfer sy stems.  

3.  Not Used  

4.  Glycol-water heat transfer systems.  

1.2  RELATED WORK  

A.  Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES.  

C.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

D.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

E.  Section 23 21 13, HYDRONIC PIPING.  

F.  Section 23 22 13, STEAM and CONDENSATE HEATING PIPI NG.  

1.3  QUALITY ASSURANCE  

A.  Refer to paragraph, QUALITY ASSURANCE in Section 23  05 11, COMMON WORK 

RESULTS FOR HVAC.  

B.  Technical Services: Provide the services of an expe rienced water 

treatment chemical engineer or technical representa tive to direct 

flushing, cleaning, pre-treatment, training, debugg ing, and acceptance 

testing operations; direct and perform chemical lim it control during 

construction period and monitor systems for a perio d of 12 months after 

acceptance, including not less than 6 service calls  and written status 

reports. Emergency calls are not included. Minimum service during 

construction/start-up shall be 6 hours. 

C.  Not Used  

D.  Not Used 

E.  Chemicals: Chemicals shall be non-toxic approved by  local authorities 

and meeting applicable EPA requirements.   

1.4  SUBMITTALS 

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, and SAMPLES.  

B.  Manufacturer's Literature and Data including:  

1.  Cleaning compounds and recommended procedures for t heir use.  
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2.  Chemical treatment for closed systems, including in stallation and 

operating instructions.  

3.  Not Used  

4.  Glycol-water system materials, equipment, and insta llation.  

C.  Water analysis verification.  

D.  Materials Safety Data Sheet for all proposed chemic al compounds, based 

on U.S. Department of Labor Form No. L5B-005-4.  

E.  Maintenance and operating instructions in accordanc e with Section 

01 00 00, GENERAL REQUIREMENTS.  

1.5  APPLICABLE PUBLICATIONS 

A.  The publication listed below form a part of this sp ecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  National Fire Protection Association (NFPA):  

70-2008.................National Electric Code (NEC )  

C.  Not Used  

PART 2 -  PRODUCTS  

2.1  CLEANING COMPOUNDS  

A.  Alkaline phosphate or non-phosphate detergent/surfa ctant/specific to 

remove organic soil, hydrocarbons, flux, pipe mill varnish, pipe 

compounds, iron oxide, and like deleterious substan ces, with or without 

inhibitor, suitable for system wetted metals withou t deleterious 

effects.  

B.  All chemicals to be acceptable for discharge to san itary sewer. 

C.  Refer to Section 23 21 13, HYDRONIC PIPING and Sect ion 23 22 13, STEAM 

and CONDENSATE HEATING PIPING, PART 3, for flushing  and cleaning 

procedures.  

2.2  CHEMICAL TREATMENT FOR CLOSED LOOP SYSTEMS  

A.  Inhibitor: Provide sodium nitrite/borate, molybdate -based inhibitor or 

other approved compound suitable for make-up qualit y and make-up rate 

and which will cause or enhance bacteria/corrosion problems or 

mechanical seal failure due to excessive total diss olved solids. Shot 

feed manually. Maintain inhibitor residual as deter mined by water 

treatment laboratory, taking into consideration res idual and 

temperature effect on pump mechanical seals.  

B.  pH Control: Inhibitor formulation shall include ade quate buffer to 

maintain pH range of 8.0 to 10.5.  
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C.  Performance: Protect various wetted, coupled, mater ials of construction 

including ferrous, and red and yellow metals. Maint ain system 

essentially free of scale, corrosion, and fouling. Corrosion rate of 

following metals shall not exceed specified mills p er year penetration; 

ferrous, 0-2; brass, 0-1; copper, 0-1. Inhibitor sh all be stable at 

equipment skin surface temperatures and bulk water temperatures of not 

less than 121 degrees C (250 degrees F) and 52 degr ees C (125 degrees 

Fahrenheit) respectively. Heat exchanger fouling an d capacity reduction 

shall not exceed that allowed by fouling factor 0.0 005. 

D.  Pot Feeder: By-pass type, complete with necessary s hut off valves, 

drain and air release valves, and system connection s, for introducing 

chemicals into system, cast iron or steel tank with  funnel or large 

opening on top for easy chemical addition. Feeders shall be 18.9 L 

(five gallon) minimum capacity at 860 kPa (125 psig ) minimum working 

pressure.  

E.  Side stream Water Filter for Closed Loop Systems: S tainless steel 

housing, and polypropylene filter media with stainl ess steel core. 

Filter media shall be compatible with antifreeze an d water treatment 

chemicals used in the system. Replaceable filter ca rtridges for 

sediment removal service with minimum 20 micrometer  particulate at 98 

percent efficiency for approximately five (5) perce nt of system design 

flow rate. Filter cartridge shall have a maximum pr essure drop of 13.8 

kPa (2 psig) at design flow rate when clean, and ma ximum pressure drop 

of 172 kPa (25 psig) when dirty. A constant flow ra te valve shall be 

provided in the piping to the filter. Inlet and out let pressure gauges 

shall be provided to monitor filter condition. 

2.3  CHEMICAL TREATMENT FOR OPEN LOOP SYSTEM(S) – NOT USED 

2.4  GLYCOL-WATER SYSTEM  

A.  Propylene glycol shall be inhibited with 1.75 perce nt dipotassium 

phosphate. Do not use automotive anti-freeze becaus e the inhibitors 

used are not needed and can cause sludge precipitat e that interferes 

with heat transfer.  

B.  Provide required amount of glycol to obtain the per cent by volume for 

glycol-water systems as follows and to provide one- half tank reserve 

supply: 40 percent for  chilled water and heating h ot water systems. 

C.  Pot Feeder Make-up Unit: By pass type for chemical treatment, schedule 

3.5 mm (10 gauge) heads, 20 mm (3/4-inch) system co nnections and large 
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neck opening for chemical addition. Feeders shall b e 19 Liters (5 

gallon) minimum size.  

D.  Not Used   

2.5  EQUIPMENT AND MATERIALS IDENTIFICATION  

Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Delivery and Storage: Deliver all chemicals in manu facturer's sealed 

shipping containers. Store in designated space and protect from 

deleterious exposure and hazardous spills.  

B.  Install equipment furnished by the chemical treatme nt supplier and 

charge systems according to the manufacturer's inst ructions and as 

directed by the Technical Representative.  

C.  Refer to Section 23 21 13 HYDRONIC PIPING for chemi cal treatment 

piping. 

1.  Not Used 

2.  Not Used 

3.  Not Used 

4.  Not Used  

5.  Not Used 

6.  Not Used 

7.  Not Used 

D.  Before adding cleaning chemical to the closed syste m, all air handling 

coils and fan coil units should be isolated by clos ing the inlet and 

outlet valves and opening the bypass valves. This i s done to prevent 

dirt and solids from lodging the coils. 

E.  Do not valve in or operate system pumps until after  system has been 

cleaned. 

F.  After chemical cleaning is satisfactorily completed , open the inlet and 

outlet valves to each coil and close the by-pass va lves. Also, clean 

all strainers.  

G.  Perform tests and report results in accordance with  Section 01 00 00, 

GENERAL REQUIREMENTS.  

H.  After cleaning is complete, and water PH is accepta ble to manufacturer 

of water treatment chemical, add manufacturer-recom mended amount of 

chemicals to systems. 
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I.  Instruct VA personnel in system maintenance and ope ration in accordance 

with Section 01 00 00, GENERAL REQUIREMENTS.  

 

- - - E N D - - - 
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SECTION 23 31 00  
HVAC DUCTS AND CASINGS  

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  Ductwork and accessories for HVAC including the fol lowing:  

1.  Supply air, return air, outside air, exhaust, make- up air, and relief 

systems.  

2.  Not Used  

3.  Not Used  

B.  Definitions:  

1.  SMACNA Standards as used in this specification mean s the HVAC Duct 

Construction Standards, Metal and Flexible.  

2.  Seal or Sealing: Use of liquid or mastic sealant, w ith or without 

compatible tape overlay, or gasketing of flanged jo ints, to keep air 

leakage at duct joints, seams and connections to an  acceptable 

minimum.  

3.  Duct Pressure Classification: SMACNA HVAC Duct Cons truction 

Standards, Metal and Flexible.  

4.  Exposed Duct: Exposed to view in a finished room, e xposed to weather.  

1.2  RELATED WORK  

A.  Fire Stopping Material: Section 07 84 00, FIRESTOPP ING.  

B.  Not Used  

C.  Not Used  

D.  Not Used  

E.  Not Used  

F.  General Mechanical Requirements: Section 23 05 11, COMMON WORK RESULTS 

FOR HVAC.  

G.  Noise Level Requirements: Section 23 05 41, NOISE A ND VIBRATION CONTROL 

FOR HVAC PIPING and EQUIPMENT.  

H.  Duct Insulation: Section 23 07 11, HVAC and BOILER PLANT INSULATION 

I.  Plumbing Connections: Section 22 11 00, FACILITY WA TER DISTRIBUTION  

J.  Not Used  

K.  Duct Mounted Coils: Section 23 82 16, AIR COILS. 

L.  Not Used   

M.  Not Used  

N.  Air Filters and Filters' Efficiencies: Section 23 4 0 00, HVAC AIR 

CLEANING DEVICES.  

O.  Duct Mounted Instrumentation: Section 23 09 23, DIR ECT-DIGITAL CONTROL 

SYSTEM FOR HVAC.  
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P.  Testing and Balancing of Air Flows: Section 23 05 9 3, TESTING, 

ADJUSTING, and BALANCING FOR HVAC. 

Q.  Smoke Detectors: Section 28 31 00, FIRE DETECTION a nd ALARM.  

1.3  QUALITY ASSURANCE  

A.  Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC.  

B.  Fire Safety Code: Comply with NFPA 90A.  

C.  Duct System Construction and Installation: Referenc ed SMACNA Standards 

are the minimum acceptable quality. 

D.  Duct Sealing, Air Leakage Criteria, and Air Leakage  Tests: Ducts shall 

be sealed as per duct sealing requirements of SMACN A HVAC Air Duct 

Leakage Test Manual for duct pressure classes shown  on the drawings. 

E.  Duct accessories exposed to the air stream, such as  dampers of all types 

(except smoke dampers) and access openings, shall b e of the same 

material as the duct or provide at least the same l evel of corrosion 

resistance.  

1.4  SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT DATA, 

and SAMPLES.  

B.  Manufacturer's Literature and Data:  

1.  Rectangular ducts:  

a.  Schedules of duct systems, materials and selected S MACNA 

construction alternatives for joints, sealing, gage  and 

reinforcement.  

b.  Duct liner.  

c.  Sealants and gaskets.  

d.  Access doors.  

2.  Round and flat oval duct construction details:  

a.  Manufacturer's details for duct fittings.  

b.  Duct liner.  

c.  Sealants and gaskets.  

d.  Access sections.  

e.  Installation instructions.  

3.  Volume dampers, back draft dampers.  

4.  Upper hanger attachments.  

5.  Fire dampers, fire doors, and smoke dampers with in stallation 

instructions. 

6.  Not Used   
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7.  Flexible ducts and clamps, with manufacturer's inst allation 

instructions.  

8.  Flexible connections.  

9.  Instrument test fittings.  

10.Details and design analysis of alternate or opti onal duct systems.  

11.COMMON WORK RESULTS FOR HVAC and STEAM GENERATION.  

C.  Coordination Drawings: Refer to article, SUBMITTALS , in Section 23 05 11 

– Common Work Results for HVAC. 

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  American Society of Civil Engineers (ASCE): 

ASCE7-05................Minimum Design Loads for Bu ildings and Other 

Structures  

C.  American Society for Testing and Materials (ASTM):  

A167-99(2009)...........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, 

Sheet, and Strip  

A653-09.................Standard Specification for Steel Sheet, 

Zinc-Coated (Galvanized) or Zinc-Iron Alloy 

coated (Galvannealed) by the Hot-Dip process 

A1011-09a...............Standard Specification for Steel, Sheet and 

Strip, Hot rolled, Carbon, structural, High-

Strength Low-Alloy, High Strength Low-Alloy with 

Improved Formability, and Ultra-High Strength 

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 

C1071-05e1..............Standard Specification for Fibrous Glass Duct 

Lining Insulation (Thermal and Sound Absorbing 

Material) 

E84-09a.................Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

D.  National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems  

96-08...................Standard for Ventilation Co ntrol and Fire 

Protection of Commercial Cooking Operations 
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E.  Sheet Metal and Air Conditioning Contractors Nation al Association 

(SMACNA):  

2nd Edition – 2005......HVAC Duct Construction Stan dards, Metal and    

Flexible  

1st Edition - 1985......HVAC Air Duct Leakage Test Manual  

6th Edition – 2003......Fibrous Glass Duct Construc tion Standards  

F.  Underwriters Laboratories, Inc. (UL):  

181-08..................Factory-Made Air Ducts and Air Connectors  

555-06 .................Standard for Fire Dampers  

555S-06 ................Standard for Smoke Dampers 

PART 2 -  PRODUCTS  

2.1  DUCT MATERIALS AND SEALANTS  

A.  General: Except for systems specified otherwise, co nstruct ducts, 

casings, and accessories of galvanized sheet steel,  ASTM A653, coating 

G90; or, aluminum sheet, ASTM B209, alloy 1100, 300 3 or 5052. 

B.  Not Used  

C.  Not Used   

D.  Joint Sealing: Refer to SMACNA HVAC Duct Constructi on Standards, 

paragraph S1.9.  

1.  Sealant: Elastomeric compound, gun or brush grade, maximum 25 flame 

spread and 50 smoke developed (dry state) compounde d specifically for 

sealing ductwork as recommended by the manufacturer . Generally 

provide liquid sealant, with or without compatible tape, for low 

clearance slip joints and heavy, permanently elasti c, mastic type 

where clearances are larger. Oil base caulking and glazing compounds 

are not acceptable because they do not retain elast icity and bond.  

2.  Tape: Use only tape specifically designated by the sealant 

manufacturer and apply only over wet sealant. Press ure sensitive tape 

shall not be used on bare metal or on dry sealant.  

3.  Gaskets in Flanged Joints: Soft neoprene.  

E.  Approved factory made joints may be used.  

2.2  DUCT CONSTRUCTION AND INSTALLATION  

A.  Regardless of the pressure classifications outlined  in the SMACNA 

Standards, fabricate and seal the ductwork in accor dance with the 

following pressure classifications:   

B.  Duct Pressure Classification:  

1.  0 to 50 mm (2 inch) 

2.  50 mm to 75 mm (2 inch to 3 inch) 

3.  75 mm to 100 mm (3 inch to 4 inch) 
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4.  Show pressure classifications on the floor plans.    

C.  Seal Class: All ductwork shall receive Class A Seal  

D.  Not Used  

E.  Not Used  

F.  Not Used  

G.  Not Used  

H.  Not Used  

I.  Not Used  

J.  Not Used  

K.  Not Used  

L.  Not Used  

M.  Round and Flat Oval Ducts: Furnish duct and fitting s made by the same 

manufacturer to insure good fit of slip joints. Whe n submitted and 

approved in advance, round and flat oval duct, with  size converted on 

the basis of equal pressure drop, may be furnished in lieu of 

rectangular duct design shown on the drawings.  

1.  Elbows: Diameters 80 through 200 mm (3 through 8 in ches) shall be two 

sections die stamped, all others shall be gored con struction, maximum 

18 degree angle, with all seams continuously welded  or standing seam. 

Coat galvanized areas of fittings damaged by weldin g with corrosion 

resistant aluminum paint or galvanized repair compo und. 

2.  Provide bell mouth, conical tees or taps, laterals,  reducers, and 

other low loss fittings as shown in SMACNA HVAC Duc t Construction 

Standards.  

3.  Ribbed Duct Option: Lighter gage round/oval duct an d fittings may be 

furnished provided certified tests indicating that the rigidity and 

performance is equivalent to SMACNA standard gage d ucts are 

submitted.  

a.  Ducts: Manufacturer's published standard gage, G90 coating, spiral 

lock seam construction with an intermediate standin g rib. 

b.  Fittings: May be manufacturer's standard as shown i n published 

catalogs, fabricated by spot welding and bonding wi th neoprene 

base cement or machine formed seam in lieu of conti nuous welded 

seams.  

4.  Provide flat side reinforcement of oval ducts as re commended by the 

manufacturer and SMACNA HVAC Duct Construction Stan dard S3.13. 

Because of high pressure loss, do not use internal tie-rod 

reinforcement unless approved by the COR.  

N.  Not Used  
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O.  Casings and Plenums: Construct in accordance with S MACNA HVAC Duct 

Construction Standards Section 6, including curbs, access doors, pipe 

penetrations, eliminators and drain pans. Access do ors shall be hollow 

metal, insulated, with latches and door pulls, 500 mm (20 inches) wide 

by 1200 - 1350 mm (48 - 54 inches) high. Provide vi ew port in the doors 

where shown. Provide drain for outside air louver p lenum. Outside air 

plenum shall have exterior insulation. Drain piping  shall be routed to 

the nearest floor drain. 

P.  Volume Dampers: Single blade or opposed blade, mult i-louver type as 

detailed in SMACNA Standards. Refer to SMACNA Detai l Figure 2-12 for 

Single Blade and Figure 2.13 for Multi-blade Volume  Dampers.  

Q.  Duct Hangers and Supports: Refer to SMACNA Standard s Section IV. Avoid 

use of trapeze hangers for round duct.  

R.  Not Used 

2.3  DUCT LINER (WHERE INDICATED ON DRAWINGS)  

A.  Duct sizes shown on drawings for lined duct are cle ar opening inside 

lining.  

B.  Duct liner is only permitted to be used for return,  relief and general 

exhaust ducts.   Duct liner is not permitted for ou tside air ducts, 

supply air ducts or any other positive pressure duc twork (provide 

exterior insulation only). 

C.  Rectangular Duct or Casing Liner: ASTM C1071, Type I (flexible), or Type 

II (board), 25 mm (one inch) minimum thickness, app lied with mechanical 

fasteners and 100 percent coverage of adhesive in c onformance with 

SMACNA, Duct Liner Application Standard.  

D.  Round and Oval Duct Liner: Factory fabricated doubl e-walled with 25 mm 

(one inch) thick sound insulation and inner perfora ted galvanized metal 

liner. Construction shall comply with flame and smo ke rating required by 

NFPA 90A. Metal liner shall be 1.0 to 0.60 mm (20 t o 24 gage) having 

perforations not exceeding 2.4 mm (3/32 inch) diame ter and approximately 

22 percent free area. Metal liner for fittings need  not be perforated. 

Assemblies shall be complete with continuous sheet Mylar liner, 2 mil 

thickness, between the perforated liner and the ins ulation to prevent 

erosion of the insulation. Provide liner couplings/ spacer for metal 

liner. At the end of insulated sections, provide in sulation end fittings 

to reduce outer shell to liner size. Provide liner spacing/concentricity 

leaving airway unobstructed.  
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2.4  DUCT ACCESS DOORS, PANELS AND SECTIONS  

A.  Provide access doors, sized and located for mainten ance work, upstream, 

in the following locations:  

1.  Each duct mounted coil and humidifier.  

2.  Each fire damper (for link service), smoke damper a nd automatic 

control damper. 

3.  Each duct mounted smoke detector.  

4.  Not Used  

B.  Openings shall be as large as feasible in small duc ts, 300 mm by 300 mm 

(12 inch by 12 inch) minimum where possible. Access  sections in 

insulated ducts shall be double-wall, insulated. Tr ansparent 

shatterproof covers are preferred for uninsulated d ucts.  

1.  For rectangular ducts: Refer to SMACNA HVAC Duct Co nstruction 

Standards (Figure 2-12).  

2.  For round and flat oval duct: Refer to SMACNA HVAC duct Construction 

Standards (Figure 2-11).  

2.5  FIRE DAMPERS  

A.  Galvanized steel, interlocking blade type, UL listi ng and label, 1-1/2 

hour rating, 70 degrees C (160 degrees F) fusible l ine, 100 percent free 

opening with no part of the blade stack or damper f rame in the air 

stream.  

B.  Fire dampers in wet air exhaust shall be of stainle ss steel 

construction, all others may be galvanized steel. 

C.  Minimum requirements for fire dampers:  

1.  The damper frame may be of design and length as to function as the 

mounting sleeve, thus eliminating the need for a se parate sleeve, as 

allowed by UL 555. Otherwise provide sleeves and mo unting angles, 

minimum 1.9 mm (14 gage), required to provide insta llation equivalent 

to the damper manufacturer's UL test installation.  

2.  Submit manufacturer's installation instructions con forming to UL 

rating test.  

2.6  SMOKE DAMPERS 

A.  Maximum air velocity, through free area of open dam per, and pressure 

loss: Low pressure and medium pressure duct (supply , return, exhaust, 

outside air): 450 m/min (1500 fpm). Maximum static pressure loss: 32 Pa 

(0.13 inch W.G.). 

B.  Maximum air leakage, closed damper: 0.32 cubic mete rs /min/square meter 

(4.0 CFM per square foot) at 750 Pa (3 inch W.G.) d ifferential pressure. 

C.  Minimum requirements for dampers: 
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1.  Shall comply with requirements of Table 6-1 of UL 5 55S, except for 

the Fire Endurance and Hose Stream Test. 

2.  Frame: Galvanized steel channel with side, top and bottom stops or 

seals. 

3.  Blades: Galvanized steel, parallel type preferably,  300 mm (12 inch) 

maximum width, edges sealed with neoprene, rubber o r felt, if 

required to meet minimum leakage. Airfoil (streamli ned) type for 

minimum noise generation and pressure drop are pref erred for duct 

mounted dampers. 

4.  Shafts: Galvanized steel. 

5.  Bearings: Nylon, bronze sleeve or ball type. 

6.  Hardware: Zinc plated. 

7.  Operation: Automatic open/close. No smoke damper th at requires manual 

reset or link replacement after actuation is accept able. See drawings 

for required control operation. 

D.  Motor operator (actuator): Provide electric as requ ired by the automatic 

control system, externally mounted on stand-offs to  allow complete 

insulation coverage. 

2.7  COMBINATION FIRE AND SMOKE DAMPERS 

Combination fire and smoke dampers: Multi-blade typ e units meeting all 

requirements of both fire dampers and smoke dampers  shall be used where 

shown and may be used at the Contractor's option wh ere applicable. 

2.8  FIRE DOORS  

Galvanized steel, interlocking blade type, UL listi ng and label, 71 

degrees C (160 degrees F) fusible link, 3 hour rati ng and approved for 

openings in Class A fire walls with rating up to 4 hours, 100 percent 

free opening with no part of the blade stack or dam per frame in the air 

stream.  

2.9  FLEXIBLE AIR DUCT  

A.  General: Factory fabricated, complying with NFPA 90 A for connectors not 

passing through floors of buildings. Flexible ducts  shall not penetrate 

any fire or smoke barrier which is required to have  a fire resistance 

rating of one hour or more. Flexible duct length sh all not exceed 1.5 m 

(5 feet). Provide insulated acoustical air duct con nectors in supply air 

duct systems and elsewhere as shown.  

B.  Flexible ducts shall be listed by Underwriters Labo ratories, Inc., 

complying with UL 181. Ducts larger than 200 mm (8 inches) in diameter 

shall be Class 1. Ducts 200 mm (8 inches) in diamet er and smaller may be 

Class 1 or Class 2.  
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C.  Insulated Flexible Air Duct: Factory made including  mineral fiber 

insulation with maximum C factor of 0.25 at 24 degr ees C (75 degrees F) 

mean temperature, encased with a low permeability m oisture barrier outer 

jacket, having a puncture resistance of not less th an 50 Beach Units. 

Acoustic insertion loss shall not be less than 3 dB  per 300 mm (foot) of 

straight duct, at 500 Hz, based on 150 mm (6 inch) duct, of 750 m/min 

(2500 fpm).  

D.  Application Criteria:  

1.  Temperature range: -18 to 93 degrees C (0 to 200 de grees F) internal.  

2.  Maximum working velocity: 1200 m/min (4000 feet per  minute).  

3.  Minimum working pressure, inches of water gage: 250 0 Pa (10 inches) 

positive, 500 Pa (2 inches) negative.  

E.  Duct Clamps: 100 percent nylon strap, 80 kg (175 po unds) minimum loop 

tensile strength manufactured for this purpose or s tainless steel strap 

with cadmium plated worm gear tightening device. Ap ply clamps with 

sealant and as approved for UL 181, Class 1 install ation.  

2.10  FLEXIBLE DUCT CONNECTIONS  

Where duct connections are made to fans, air termin al units, and air 

handling units, install a non-combustible flexible connection of 822 g 

(29 ounce) neoprene coated fiberglass fabric approx imately 150 mm (6 

inches) wide. For connections exposed to sun and we ather provide hypalon 

coating in lieu of neoprene. Burning characteristic s shall conform to 

NFPA 90A. Securely fasten flexible connections to r ound ducts with 

stainless steel or zinc-coated iron draw bands with  worm gear fastener. 

For rectangular connections, crimp fabric to sheet metal and fasten 

sheet metal to ducts by screws 50 mm (2 inches) on center. Fabric shall 

not be stressed other than by air pressure. Allow a t least 25 mm (one 

inch) slack to ensure that no vibration is transmit ted.  

2.11  SOUND ATTENUATING UNITS – NOT USED  

2.12  PREFABRICATED ROOF CURBS  

Galvanized steel or extruded aluminum 300 mm (12 in ches) above finish 

roof service, continuous welded corner seams, treat ed wood nailer, 40 mm 

(1-1/2 inch) thick, 48 kg/cubic meter (3 pound/cubi c feet) density rigid 

mineral fiberboard insulation with metal liner, bui lt-in cant strip 

(except for gypsum or tectum decks). For surface in sulated roof deck, 

provide raised cant strip (recessed mounting flange ) to start at the 

upper surface of the insulation. Curbs shall be con structed for pitched 

roof or ridge mounting as required to keep top of c urb level.  
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2.13  FIRESTOPPING MATERIAL 

 Refer to Section 07 84 00, FIRESTOPPING.  

2.14  SEISMIC RESTRAINT FOR DUCTWORK – NOT USED 

2.15  DUCT MOUNTEDTHERMOMETER (AIR) – NOT USED  

2.16  DUCT MOUNTED TEMPERATURE SENSOR (AIR)  

 Refer to Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC.  

2.17  INSTRUMENT TEST FITTINGS  

A.  Manufactured type with a minimum 50 mm (two inch) l ength for insulated 

duct, and a minimum 25 mm (one inch) length for duc t not insulated. Test 

hole shall have a flat gasket for rectangular ducts  and a concave gasket 

for round ducts at the base, and a screw cap to pre vent air leakage.  

B.  Provide instrument test holes at each duct or casin g mounted temperature 

sensor or transmitter, and at entering and leaving side of each heating 

coil, cooling coil, and heat recovery unit.  

2.18  AIR FLOW CONTROL VALVES (AFCV) – NOT USED  

2.19  LEAD COVERED DUCT – NOT USED  

2.20  ELECTROSTATIC SHIELDING – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION  

A.  Comply with provisions of Section 23 05 11, COMMON WORK RESULTS FOR 

HVAC, particularly regarding coordination with othe r trades and work in 

existing buildings.  

B.  Fabricate and install ductwork and accessories in a ccordance with 

referenced SMACNA Standards:  

1.  Drawings show the general layout of ductwork and ac cessories but do 

not show all required fittings and offsets that may  be necessary to 

connect ducts to equipment, boxes, diffusers, grill es, etc., and to 

coordinate with other trades. Fabricate ductwork ba sed on field 

measurements. Provide all necessary fittings and of fsets at no 

additional cost to the government. Coordinate with other trades for 

space available and relative location of HVAC equip ment and 

accessories on ceiling grid. Duct sizes on the draw ings are inside 

dimensions which shall be altered by Contractor to other dimensions 

with the same air handling characteristics where ne cessary to avoid 

interferences and clearance difficulties.  

2.  Provide duct transitions, offsets and connections t o dampers, coils, 

and other equipment in accordance with SMACNA Stand ards, Section II. 

Provide streamliner, when an obstruction cannot be avoided and must 
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be taken in by a duct. Repair galvanized areas with  galvanizing 

repair compound.  

3.  Provide bolted construction and tie-rod reinforceme nt in accordance 

with SMACNA Standards.  

4.  Construct casings, eliminators, and pipe penetratio ns in accordance 

with SMACNA Standards, Chapter 6. Design casing acc ess doors to swing 

against air pressure so that pressure helps to main tain a tight seal.  

C.  Install duct hangers and supports in accordance wit h SMACNA Standards, 

Chapter 4.  

D.  Install fire dampers, smoke dampers and combination  fire/smoke dampers 

in accordance with the manufacturer's instructions to conform to the 

installation used for the rating test. Install fire  dampers, smoke 

dampers and combination fire/smoke dampers at locat ions indicated and 

where ducts penetrate fire rated and/or smoke rated  walls, shafts and 

where required by the COR.  Install with required p erimeter mounting 

angles, sleeves, breakaway duct connections, corros ion resistant 

springs, bearings, bushings and hinges per UL and N FPA.  Demonstrate 

re-setting of fire dampers and operation of smoke d ampers to the COR. 

E.  Seal openings around duct penetrations of floors an d fire rated 

partitions with fire stop material as required by N FPA 90A.  

F.  Flexible duct installation: Refer to SMACNA Standar ds, Chapter 3. Ducts 

shall be continuous, single pieces not over 1.5 m ( 5 feet) long (NFPA 

90A), as straight and short as feasible, adequately  supported. 

Centerline radius of bends shall be not less than t wo duct diameters. 

Make connections with clamps as recommended by SMAC NA. Clamp per SMACNA 

with one clamp on the core duct and one on the insu lation jacket. 

Flexible ducts shall not penetrate floors, or any c hase or partition 

designated as a fire or smoke barrier, including co rridor partitions 

fire rated one hour or two hour. Support ducts SMAC NA Standards.  

G.  Where diffusers, registers and grilles cannot be in stalled to avoid 

seeing inside the duct, paint the inside of the duc t with flat black 

paint to reduce visibility.  

H.  Control Damper Installation:  

1.  Provide necessary blank-off plates required to inst all dampers that 

are smaller than duct size. Provide necessary trans itions required to 

install dampers larger than duct size.  

2.  Assemble multiple sections dampers with required in terconnecting 

linkage and extend required number of shafts throug h duct for 

external mounting of damper motors.  
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3.  Provide necessary sheet metal baffle plates to elim inate 

stratification and provide air volumes specified. L ocate baffles by 

experimentation, and affix and seal permanently in place, only after 

stratification problem has been eliminated.  

4.  Install all damper control/adjustment devices on st and-offs to allow 

complete coverage of insulation. 

I.  Not Used  

J.  Low Pressure Duct Liner: Install in accordance with  SMACNA, Duct Liner 

Application Standard.  

K.  Protection and Cleaning: Adequately protect equipme nt and materials 

against physical damage. Place equipment in first c lass operating 

condition or return to source of supply for repair or replacement, as 

determined by COR. Protect equipment and ducts duri ng construction 

against entry of foreign matter to the inside and c lean both inside and 

outside before operation and painting. When new duc ts are connected to 

existing ductwork, clean both new and existing duct work by mopping and 

vacuum cleaning inside and outside before operation .  

3.2  DUCT LEAKAGE TESTS AND REPAIR  

A.  Ductwork leakage testing shall be performed by the Testing and Balancing 

Contractor directly contracted by the General Contr actor and independent 

of the Sheet Metal Contractor. 

B.  Ductwork leakage testing shall be performed for the  entire air 

distribution system (including all supply, return, exhaust and relief 

ductwork), section by section, including fans, coil s and filter 

sections. Based upon satisfactory initial duct leak age test results, the 

scope of the testing may be reduced by the COR on d uctwork constructed 

to the 500 Pa (2" WG) duct pressure classification.   In no case shall 

the leakage testing of ductwork constructed above t he 500 Pa (2" WG) 

duct pressure classification or ductwork located in  shafts or other 

inaccessible areas be eliminated.  

C.  Test procedure, apparatus and report shall conform to SMACNA Leakage 

Test manual. The maximum leakage rate allowed is 4 percent of the design 

air flow rate. 

D.  All ductwork shall be leak tested first before encl osed in a shaft or 

covered in other inaccessible areas. 

E.  All tests shall be performed in the presence of the  COR and the Test and 

Balance agency. The Test and Balance agency shall m easure and record 

duct leakage and report to the COR and identify lea kage source with 

excessive leakage. 
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F.  If any portion of the duct system tested fails to m eet the permissible 

leakage level, the Contractor shall rectify sealing  of ductwork to bring 

it into compliance and shall retest it until accept able leakage is 

demonstrated to the COR. 

G.  All tests and necessary repairs shall be completed prior to insulation 

or concealment of ductwork. 

H.  Make sure all openings used for testing flow and te mperatures by TAB 

Contractor are sealed properly. 

3.3  DUCTWORK EXPOSED TO WIND VELOCITY – NOT USED  

3.4  TESTING, ADJUSTING AND BALANCING (TAB) 

 Refer to Section 23 05 93, TESTING, ADJUSTING, and  BALANCING FOR HVAC. 

3.5  OPERATING AND PERFORMANCE TESTS 

Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC 

- - - E N D - - - 
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SECTION 23 37 00 
AIR OUTLETS AND INLETS 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  Roof Curbs 

B.  Air Outlets and Inlets: Diffusers, Registers, and G rilles. 

1.2  RELATED WORK  

A.  Section 08 90 00, LOUVERS and VENTS.  

B.  Not Used  

C.  Not Used  

D.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

E.  Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT.  

F.  Section 23 05 93, TESTING, ADJUSTING, and BALANCING  FOR HVAC.  

G.  Not Used  

1.3  QUALITY ASSURANCE  

A.  Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC.  

B.  Fire Safety Code: Comply with NFPA 90A.  

1.4  SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, and SAMPLES.  

B.  Manufacturer's Literature and Data:  

1.  Air intake/exhaust hoods.  

2.  Diffusers, registers, grilles and accessories.  

C.  Coordination Drawings: Refer to article, SUBMITTALS , in Section 23 05 

11, COMMON WORK RESULTS FOR HVAC.  

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  Air Diffusion Council Test Code:  

1062 GRD-84.............Certification, Rating, and Test Manual 4 th  

Edition  

C.  American Society of Civil Engineers (ASCE): 

ASCE7-05................Minimum Design Loads for Bu ildings and Other 

Structures  
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D.  American Society for Testing and Materials (ASTM):  

A167-99 (2004)..........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, 

Sheet and Strip  

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 

E.  National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems  

F.  Underwriters Laboratories, Inc. (UL):  

181-08..................UL Standard for Safety Fact ory-Made Air Ducts 

and Connectors 

PART 2 -  PRODUCTS  

2.1  GRAVITY INTAKE/EXHAUST VENTILATORS (ROOF MOUNTED)  

A.  Aluminum, ASTM B209, louvered, spun, or fabricated using panel sections 

with roll-formed edges, 13 mm (1/2 inch) mesh alumi num welded wire bird 

screen, with gravity or motorized dampers where sho wn, accessible 

interior, designed for wind velocity specified in P aragraph 3.3.  

1.  Spun Intake/Exhaust Ventilators: Spun aluminum stru ctural components 

shall be constructed of minimum 1.3 mm (16 Gauge) m arine alloy 

aluminum, bolted to a rigid aluminum support struct ure.  The 

aluminum base shall have continuously welded curb c ap corners for 

maximum leak protection.  The spun aluminum baffle shall have a 

rolled bead for added strength. 

2.  Not Used 

3.  Low Silhouette Intake/Exhaust Ventilator: The unit shall be of 

bolted and welded construction utilizing corrosion resistant 

fasteners. The aluminum hood shall be constructed o f minimum 1.60 mm 

(14 Gauge) marine alloy aluminum, bolted to a minim um 3.25 mm (8 

Gauge) aluminum support structure. The aluminum bas e shall have 

continuously welded curb cap corners for maximum le ak protection. 

Birdscreen constructed of 13 mm (1/2 inch) mesh sha ll be mounted 

across the relief opening. 

B.  See ventilator schedule on the drawings. Sizes show n on the drawings 

designate throat size. Area of ventilator perimeter  opening shall be 

not less than the throat area.  
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C.  Dampers for Gravity Ventilators without Duct Connec tion: Construct 

damper of the same material as the ventilator and o f the design to 

completely close opening or remain wide open. Hold damper in closed 

position by a brass chain and catch. Extend chains 300 mm (12 inches) 

below and engage catch when damper is closed.  

D.  Not Used 

E.  Provide Roof Curb by unit manufacturer.  Refer to S ection 23 05 11, 

COMMON WORK RESULTS FOR HVAC for additional require ments. 

2.2  EQUIPMENT SUPPORTS 

Refer to Section 22 05 11, COMMON WORK RESULTS FOR PLUMBING and 

Section 23 05 11, COMMON WORK RESULTS FOR HVAC.  

2.3  AIR OUTLETS AND INLETS  

A.  Materials:  

1.  Steel or aluminum.  Exhaust air registers located i n combination 

toilets and shower stalls shall be constructed from  aluminum.  

Provide manufacturer's standard gasket.   

2.  Exposed Fastenings: The same material as the respec tive inlet or 

outlet. Fasteners for aluminum may be stainless ste el.  

3.  Contractor shall review all ceiling drawings and de tails and provide 

all ceiling mounted devices with appropriate dimens ions and trim for 

the specific locations. 

B.  Performance Test Data: In accordance with Air Diffu sion Council Code 

1062GRD. Refer to Section 23 05 41, NOISE and VIBRA TION CONTROL FOR 

HVAC PIPING and EQUIPMENT for NC criteria.  

C.  Air Supply Outlets:  

1.  Ceiling Diffusers: Suitable for surface mounting, e xposed T-bar or 

special tile ceilings, off-white finish, square or round neck 

connection as shown on the drawings. Provide plaste r frame for units 

in plaster ceilings.  

a.  Square, louver, fully adjustable pattern: Round nec k, surface 

mounting unless shown otherwise on the drawings. Pr ovide 

equalizing or control grid and volume control dampe r.  

b.  Louver face type: Square or rectangular, removable core for 1, 2, 

3, or 4 way directional pattern. Provide equalizing  or control 

grid and opposed blade damper.  

c.  Perforated face type: Manual adjustment for one-, t wo-, three-, 

or four-way horizontal air distribution pattern wit hout change of 
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air volume or pressure. Provide equalizing or contr ol grid and 

opposed blade over overlapping blade damper. Perfor ated face 

diffusers for VAV systems shall have the pattern co ntroller on 

the inner face, rather than in the neck and designe d to discharge 

air horizontally at the ceiling maintaining a Coand a effect.  

d.  Not Used   

2.  Not Used  

3.  Not Used   

4.  Supply Registers: Double deflection type with horiz ontal face bars 

and opposed blade damper with removable key operato r.  

a.  Margin: Flat, 30 mm (1-1/4 inches) wide.  

b.  Bar spacing: 20 mm (3/4 inch) maximum.  

c.  Finish: Off white baked enamel for ceiling mounted units. Wall 

units shall have a prime coat for field painting or  shall be 

extruded with manufacturer's standard finish.  

5.  Supply Grilles: Same as registers but without the o pposed blade 

damper.      

6.  Not Used  

7.  Not Used  

D.  Return and Exhaust Registers and Grilles: Provide o pposed blade damper 

without removable key operator for registers.  

1.  Finish: Off-white baked enamel for ceiling mounted units. Wall units 

shall have a prime coat for field painting or shall  be extruded 

aluminum with manufacturer's standard aluminum fini sh.  

2.  Standard Type: Fixed horizontal face bars set at 30  to 45 degrees, 

approximately 30 mm (1-1/4 inch) margin.  

3.  Perforated Face Type: To match supply units.  

4.  Grid Core Type: 13 mm by 13 mm (1/2 inch by 1/2 inc h) core with 30 

mm (1-1/4 inch) margin. 

5.  Linear Type: To match supply units.  

6.  Door Grilles: Are furnished with the doors.  

7.  Not Used 

E.  Not Used 

F.  Not Used 
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G.  Acoustic Transfer Grille: Aluminum, suitable for pa rtition or wall 

mounting. 

2.4  WIRE MESH GRILLE – NOT USED  

2.5  FILTER RETURN/EXHAUST GRILLE – NOT USED  

PART 3 -  EXECUTION 

3.1  INSTALLATION  

A.  Comply with provisions of Section 23 05 11, COMMON WORK RESULTS FOR 

HVAC, particularly regarding coordination with othe r trades and work in 

existing buildings.  

B.  Protection and Cleaning: Protect equipment and mate rials against 

physical damage. Place equipment in first class ope rating condition or 

return to source of supply for repair or replacemen t, as determined by 

COR. Protect equipment during construction against entry of foreign 

matter to the inside and clean both inside and outs ide before operation 

and painting.  

3.2  INTAKE/ EXHAUST HOODS EXPOSED TO WIND VELOCITY – NO T USED  

3.3  TESTING, ADJUSTING AND BALANCING (TAB) 

Refer to Section 23 05 93, TESTING, ADJUSTING, and BALANCING FOR 

HVAC. 

3.4  OPERATING AND PERFORMANCE TESTS 

Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC 

- - - E N D - - - 
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SECTION 23 40 00 

HVAC AIR CLEANING DEVICES 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  Air filters for heating, ventilating and air condit ioning.  

B.  Definitions:  Refer to ASHRAE Standard 52.2 for def initions of face 

velocity, net effective filtering area, media veloc ity, initial 

resistance (pressure drop), MERV (Minimum Efficienc y Reporting Value), 

PSE (Particle Size Efficiency),  particle size rang es for each MERV 

number, dust holding capacity and explanation of el ectrostatic media 

based filtration products versus mechanical filtrat ion products. Refer 

to ASHRAE Standard 52.2 Appendix J for definition o f MERV-A. 

1.2  RELATED WORK  

A.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC: Gen eral mechanical 

requirements and items, which are common to more th an one section of 

Division 23.  

B.  Not Used  

C.  Not Used  

D.  Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS: R equirements for 

commissioning, systems readiness checklists, and tr aining. 

1.3  QUALITY ASSURANCE  

A.  Air Filter Performance Report for Extended Surface Filters:  

1.  Submit a test report for each Grade of filter being  offered. The 

report shall not be more than three (3) years old a nd prepared by 

using test equipment, method and duct section as sp ecified by ASHRAE 

Standard 52.2 for type filter under test and accept able to COR, 

indicating that filters comply with the requirement s of this 

specification. Filters utilizing partial or complet e synthetic media 

will be tested in compliance with pre-conditioning steps as stated in 

Appendix J. All testing is to be conducted on filte rs with a nominal 

24 inch by 24 inch face dimension. Test for 150 m/m in (500 fpm) will 

be accepted for lower velocity rated filters provid ed the test report 

of an independent testing laboratory complies with all the 

requirements of this specification. 

2.  Government Option: The Government at its option may  take one of the 

filters for each different type submitted and run a n independent test 

to determine if the filter meets the requirements o f this 

specification. When the filter meets the requiremen ts, the Government 

will pay for the test. When the filter does not mee t the 
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specification requirements, the manufacturer will b e required to pay 

for the test and replace the filters with filters t hat will perform 

as required by the specifications.  

3.  Guarantee Performance: The manufacturer shall suppl y ASHRAE 52.2 test 

reports on each filter type submitted. Any filter s upplied will be 

required to maintain the minimum efficiency shown o n the ASHRAE 

Standard 52.2 report throughout the time the filter  is in service. 

Within the first 6-12 weeks of service a filter may  be pulled out of 

service and sent to an independent laboratory for A SHRAE Standard 

52.2 testing for initial efficiency only. If this f ilter fails to 

meet the minimum level of efficiency shown in the p reviously 

submitted reports, the filter manufacturer/distribu tor shall take 

back all filters and refund the owner all monies pa id for the 

filters, cost of installation, cost of freight and cost of testing. 

B.  Filter Warranty for Extended Surface Filters: Guara ntee the filters 

against leakage, blow-outs, and other deficiencies during their normal 

useful life, up to the time that the filter reaches  the final pressure 

drop. Defective filters shall be replaced at no cos t to the Government.  

C.  Comply with UL Standard 900 for flame test.   

D.  Nameplates: Each filter shall bear a label or name plate indicating 

manufacturer's name, filter size, rated efficiency,  UL classification 

and file number.  

1.4  SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT DATA, 

AND SAMPLES.  

B.  Manufacturer's Literature and Data:  

1.  Extended surface filters.  

2.  Not Used   

3.  Side access housings. Identify locations, verify in sulated doors.  

4.  Not Used  

5.  Magnehelic gages.  

6.  Not Used  

C.  Air Filter performance reports.  

D.  Suppliers warranty. 

E.  Field test results for HEPA filters as per paragrap h 2.3.E.3. 

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by basic 

designation only.  
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B.  American Society of Heating, Refrigerating and Air- conditioning 

Engineers, Inc. (ASHRAE):  

52.2-2007...............Method of Testing General V entilation Air-

Cleaning Devices for Removal Efficiency by 

Particle Size, including Appendix J  

C.  American Society of Mechanical Engineers (ASME): 

NQA-1-2008..............Quality Assurance Requireme nts for Nuclear 

Facilities Applications 

D.  Underwriters Laboratories, Inc. (UL):  

900;Revision 15 July 2009 Test Performance of Air F ilter Units 

 
PART 2 -  PRODUCTS  

2.1  REPLACEMENT FILTER ELEMENTS TO BE FURNISHED  

A.  To allow temporary use of HVAC systems for testing and in accordance 

with Paragraph, TEMPORARY USE OF MECHANICAL AND ELE CTRICAL SYSTEMS in 

Section 01 00 00, GENERAL REQUIREMENTS, provide one  complete set of 

additional filters to the COR. 

B.  The COR will direct whether these additional filter s will either be 

installed as replacements for dirty units or turned  over to VA for 

future use as replacements. 

2.2  EXTENDED SURFACE AIR FILTERS  

A.  Use factory assembled air filters of the extended s urface type with 

supported or non-supported cartridges for removal o f particulate matter 

in air conditioning, heating and ventilating system s. Filter units shall 

be of the extended surface type fabricated for disp osal when the 

contaminant load limit is reached as indicated by m aximum (final) 

pressure drop. 

B.  Filter Classification: UL listed and approved confo rming to UL Standard 

900. 

C.  HVAC Filter Types 

HVAC Filter Types 
Table 2.2C 

MERV Value 
ASHRAE 

52.2 

MERV-A 
Value 

ASHRAE 62.2 
Appendix J 

Application Particle Size Thickness /Type 

8 8-A Pre-Filter 3 to 10 Microns 50 mm (2-inch) 
Throwaway 

11 11-A After-Filter 1 to 3 Microns 150 mm (6- inch) or 300 
mm (12-inch) Rigid 

Cartridge 
13 13-A After-Filter 0.3 to 1 Microns 150 mm (6- inch) or 300 

mm (12-inch) Rigid 
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Cartridge 

14 14-A After-Filter 0.3 to 1 Microns 150 mm (6- inch) or 300 
mm (12-inch) Rigid 

Cartridge 
D. Not Used  

2.3  MEDIUM EFFICIENCY PLEATED PANEL PRE-FILTERS (2”; ME RV 8; UL 900 CLASS 2): 

A.  Construction: Air filters shall be medium efficienc y ASHRAE pleated 

panels consisting of cotton and synthetic or 100% v irgin synthetic 

media, self supporting media with required media st abilizers, and 

beverage board enclosing frame. Filter media shall be lofted to a 

uniform depth and formed into a uniform radial plea t. The media 

stabilizers shall be bonded to the downstream side of the media to 

maintain radial pleats and prevent media oscillatio n. An enclosing frame 

of no less than 28-point high wet-strength beverage  board shall provide 

a rigid and durable enclosure. The frame shall be b onded to the media on 

all sides to prevent air bypass. Integral diagonal support members on 

the air entering and air exiting side shall be bond ed to the apex of 

each pleat to maintain uniform pleat spacing in var ying airflows. 

B.  Performance: The filter shall have a Minimum Effici ency Reporting Value 

of MERV 8 when evaluated under the guidelines of AS HRAE Standard 52.2. 

It shall also have a MERV-A of 8 when tested per Ap pendix J of the same 

standard. The media shall maintain or increase in e fficiency over the 

life of the filter. Pertinent tolerances specified in Section 7.4 of the 

Air-Conditioning and Refrigeration Institute (ARI) Standard 850-93 shall 

apply to the performance ratings.  All testing is t o be conducted on 

filters with a nominal 24” x 24” face dimension. 

Minimum Efficiency Reporting (MERV) 8 

Dust Holding Capacity (Grams) 105 

Nominal Size (Width x Height x Depth) 24x24x2 

Rated Air Flow Capacity (Cubic Feet per 
Minute) 

2,000 

Rated Air Flow Rate (Feet per Minute) 500 

Final Resistance (Inches w.g.) 

Maximum Recommended Change-Out Resistance 
(Inches w.g.) 

1.0 

0.66 

Rated Initial Resistance (Inches w.g.) 0.33 

C.  The filters shall be approved and listed by Underwr iters' Laboratories, 

Inc. as Class 2 when tested according to U. L. Stan dard 900 and CAN 4-

5111. 
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2.4  HIGH EFFICIENCY EXTENDED SURFACE (INTERMEDIATE/AFTE R (FINAL)) CARTRIDGE 
FILTERS (12”; MERV 14/13/11; UL 900 CLASS 2):  

A.  Construction: Air filters shall consist of 8 pleate d media packs 

assembled into 4 V-banks within a totally plastic f rame.  The filters 

shall be capable of operating at temperatures up to  80 degrees C (176 

degrees F).  The filters must either fit without mo dification or be 

adaptable to the existing holding frames.  The molded end panels are 

to be made of high impact polystyrene plastic.  The  center 

support members shall be made of ABS plastic.  No m etal 

components are to be used. 

B.  Media: The media shall be made of micro glass fiber s with a water 

repellent binder.  The media shall be a dual densit y construction, with 

coarser fibers on the air entering side and finer f ibers on the air 

leaving side. The media shall be pleated using sepa rators made of 

continuous beads of low profile thermoplastic mater ial.  The media packs 

shall be bonded to the structural support members a t all points of 

contact, this improves the rigidity as well as elim inates potential air 

bypass in the filter 

C.  Performance: Filters of the size, air flow capacity  and nominal 

efficiency (MERV) shall meet the following rated pe rformance 

specifications based on the ASHRAE 52.2-1999 test m ethod. Where 

applicable, performance tolerance specified in Sect ion 7.4 of the Air-

Conditioning and Refrigeration Institute (ARI) Stan dard 850-93 shall 

apply to the performance ratings. All testing is to  be conducted on 

filters with a nominal 24"x24" header dimension. 

Minimum Efficiency Reporting Value 
(MERV) 

14 13 11 

Gross Media Area (Sq. Ft.) 

Dust Holding Capacity (Grams) 

197 

486 

197 

430 

197 

465 

Nominal Size (Width x Height x Depth) 24x24x12 24x2 4x12  24x24x12  

Rated Air Flow Capacity (cubic feet pe r 
minute) 

2,000 2,000 2,000 

Rated Air Flow Rate (feet per minute) 500 500 500 

Final Resistance (inches w.g.) 

Maximum Recommended Change-Out 
Resistance (Inches w.g.) 

2.0 

0.74 

2.0 

0.68 

2.0 

0.54 

Rated Initial Resistance (inches w.g.) 0.37 0.34 0. 27 
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2.5  HIGH EFFICIENCY PARTICULATE AIR (HEPA) FILTERS STAN DARD CAPACITY (FINAL 
FILTER APPLICATION) – NOT USED 

2.6  HEPA FILTERS HIGH CAPACITY V-BANK HIGH CAPACITY FIL TERS (FINAL FILTER 
APPLICATION) – NOT USED 

2.7  FILTER HOUSINGS/SUPPORT FRAMES 

A.  Side Servicing Housings (HVAC Grade)  

1.  Filter housing shall be two-stage filter system con sisting of 16-

gauge galvanized steel enclosure, aluminum filter m ounting track, 

universal filter holding frame, insulated dual-acce ss doors, static 

pressure tap, filter gaskets and seals. In-line hou sing depth shall 

not exceed 21”. Sizes shall be as noted on enclosed  drawings or other 

supporting materials. 

2.  Construction: The housing shall be constructed of 1 6-gauge galvanized 

steel with pre-drilled standing flanges to facilita te attachment to 

other system components. Corner posts of Z-channel construction shall 

ensure dimensional adherence. Where installed outdo ors, the housing 

shall be weatherproof and suitable for rooftop/outd oor installation. 

The housing shall incorporate the capability of two  stages of 

filtration without modification to the housing. A f ilter track, of 

aluminum construction shall be an integral componen t of housing 

construction. The track shall accommodate a 2” deep  prefilter, a 6” 

or 12” deep rigid final filter, or a pocket filter with header. 

Insulated dual access doors, swing-open type, shall  include high-

memory sponge neoprene gasket to facilitate a door- to-filter seal. 

Each door shall be equipped with adjustable and rep laceable positive 

sealing UV-resistant star-style knobs and replaceab le door hinges. A 

universal holding frame constructed of 18-gauge gal vanized steel, 

equipped with centering dimples, multiple fastener lances, and 

polyurethane filter sealing gasket, shall be includ ed to facilitate 

installation of high-efficiency filters. The housin g shall include a 

pneumatic fitting to allow the installation of a st atic pressure 

gauge to evaluate pressure drop across a single fil ter or any 

combination of installed filters. 

3.  Performance: Leakage at rated airflow, upstream to downstream of 

filter, holding frame, and slide mechanism shall be  less than 1% at 

3.0” w.g. Leakage in to or out of the housing shall  be less than one 

half of 1% at 3.0” w.g. Accuracy of pneumatic press ure fitting, when 

to evaluate a single-stage, or multiple filter stag es, shall be 

accurate within ± 3% at 0.6” w.g.  
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4.  Manufacturer shall provide evidence of facility cer tification to ISO 

9001:2000. 

B.  Holding Frame System (HVAC Grade): 

1.  Air filter-holding frames shall be 16-gauge galvani zed steel with 

filter sealing flange, centering dimples, sealing g asket and lances 

for appropriate air filter fasteners. Sizes shall b e noted on 

drawings or other supporting materials. 

2.  Construction: Filter holding frame shall be constru cted of 16-gauge 

galvanized steel. The frame shall be assembled from  two corner 

sections and welded to assure a rigid and durable f rame assembly. The 

frame shall include a variety of pre-punched lances  for filter 

fastener attachment. Fastener shall be capable of b eing installed 

without the use of tools, nuts or bolts. Lance pene trations shall be 

upstream of filter flange to assure leak-free integ rity. The frame 

shall include filter-centering dimples on each fram e wall to 

facilitate ease of filter installation and assure f ilter centering 

against filter sealing flange. A 3/4” filter-sealin g flange shall be 

an integral component of the holding frame. All cor ners shall be 

flush mitered and a permanently mounted polyurethan e foam gasket 

shall be mounted on the sealing flange to assure fi lter to frame 

sealing integrity. 

3.  Manufacturer shall provide evidence of facility cer tification to ISO 

9001:2000. 

C.  Not Used  

D.  Not Used  

E.  Not Used  

F.  Not Used  

2.8  ACTIVATED CARBON PLEATED PANEL FILTERS – NOT USED 

2.9  ACTIVATED CARBON EXTENDED SURFACE, HIGH EFFICIENCY GAS PHASE FILTERS – 
NOT USED 

2.10  CHEMICAL MEDIA GAS-PHASE AIR CLEANING CASSETTES – H EAVY DUTY (HD)    
CASSETTE, MEDIUM DUTY (MD) CASSETTE, CLEANROOM GRADE (CG) CASSETTE – NOT 
USED 

2.11  INSTRUMENTATION 

A.  Magnehelic Differential Pressure Filter Gages: Nomi nal 100 mm (four 

inch) diameter, zero to 500 Pa (zero to two inch wa ter gage), three inch 

for HEPA) range.  Gauges shall be flush-mounted in aluminum panel board, 

complete with static tips, copper or aluminum tubin g, and accessory 

items to provide zero adjustment.  
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B.  DDC static (differential) air pressure measuring st ation.  Refer to 

Specification Section 23 09 23 DIRECT DIGITAL CONTR OL SYSTEM FOR HVAC 

C.  Provide one DDC sensor across each extended surface  filter. Provide 

Petcocks for each gauge or sensor.  

D.  Provide one common filter gauge for two-stage filte r banks with 

isolation valves to allow differential pressure mea surement.    

2.12  HVAC EQUIPMENT FACTORY FILTERS 

A.  Manufacturer standard filters within fabricated pac kaged equipment 

should be specified with the equipment and should a dhere to industry 

standard.  

B.  Cleanable filters are not permitted. 

C.  Automatic Roll Type filters are not permitted. 

2.13  FILTER RETURN GRILLES 

 Refer to Section 23 37 00 AIR OUTLETS AND INLETS.  

PART 3 -  EXECUTION 

3.1  INSTALLATION  

A.  Install supports, filters and gages in accordance w ith manufacturer's 

instructions.  

B.  Label clearly with words "Contaminated Air" on exha ust ducts leading to 

the HEPA filter housing. 

3.2  START-UP AND TEMPORARY USE  

A.  Clean and vacuum air handling units and plenums pri or to starting air 

handling systems.  

B.  Replace Pre-filters and install clean filter units prior to final 

inspection as directed by the COR. 

3.3  COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system.  Refer to Sectio n 23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

 

- - E N D - - - 
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SECTION 23 64 00 
PACKAGED WATER CHILLERS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  Not Used 

B.  Scroll air-cooled chillers complete with accessorie s. 

1.2  RELATED WORK 

A.  Not Used 

B.  Section 01 00 00, GENERAL REQUIREMENTS. 

C.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, and SAMPLES. 

D.  Not Used  

E.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

F.  Section 23 21 23, HYDRONIC PUMPS. 

G.  Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT. 

H.  Section 23 23 00, REFRIGERANT PIPING. 

I.  Section 23 21 13, HYDRONIC PIPING. 

J.  Section 23 31 00, HVAC DUCTS and CASINGS 

K.  Not Used   

L.  Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR HV AC and STEAM 

GENERATION EQUIPMENT. 

M.  Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS. 

N.  Section 23 81 00, DECENTRALIZED UNITARY HVAC EQUIPM ENT. 

O.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S 

P.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS: Re quirements for 

commissioning, systems readiness checklists, and tr aining. 

1.3  DEFINITION 

A.  Engineering Control Center (ECC): The centralized c ontrol point for the 

intelligent control network. The ECC comprises of p ersonal computer and 

connected devices to form a single workstation. 

B.  BACNET: Building Automation Control Network Protoco l, ASHRAE Standard 

135.  

C.  Ethernet: A trademark for a system for exchanging m essages between 

computers on a local area network using coaxial, fi ber optic, or 

twisted-pair cables. 

D.  FTT-10: Echelon Transmitter-Free Topology Transceiv er. 

E.  Not Used  
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1.4  QUALITY ASSURANCE 

A.  Refer to Paragraph, QUALITY ASSURANCE, in Section 2 3 05 11, COMMON WORK 

RESULTS FOR HVAC, and comply with the following. 

B.  Refer to PART 3 herein after and Section 01 00 00, GENERAL REQUIREMENTS 

for test performance. 

C.  Comply with AHRI requirements for testing and certi fication of the 

chillers.  

D.  Refer to paragraph, WARRANTY, Section 01 00 00, GEN ERAL REQUIREMENTS, 

except as noted below: 

1.  Provide a 5-year motor and compressor warranty to i nclude materials, 

parts and labor. 

E.  Refer to OSHA 29 CFR 1910.95(a) and (b) for Occupat ional Noise Exposure 

Standard  

F.  Not Used  

G.  Refer to ASHRAE Standard 15, Safety Standard for Re frigeration System, 

for refrigerant vapor detectors and monitor. 

1.5  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  Air Conditioning, Heating and Refrigeration Institu te (AHRI): 

370-01..................Sound Rating of Large Outdo or Refrigerating and 

Air-Conditioning Equipment 

495-1999 (R2002)........Refrigerant Liquid Receiver s    

575-94..................Methods for Measuring Machi nery Sound within 

Equipment Space 

C.  American Society of Heating, Refrigerating, and Air -Conditioning 

Engineers (ASHRAE): 

ANSI/ASHRASE-15-2007....Safety Standard for Mechani cal Refrigeration 

Systems 

GDL 3-1996..............Guidelines for Reducing Emi ssion of Halogenated 

Refrigerants in Refrigeration and Air-

Conditioning Equipment and Systems 

D.  American Society of Mechanical Engineers (ASME): 

2007 ...................ASME Boiler and Pressure Ve ssel Code, Section 

VIII, "Pressure Vessels - Division 1" 

E.  American Society of Testing Materials (ASTM): 

C 534/ C 534M-2008......Preformed, Flexible Elastom eric Cellular Thermal 

Insulation in Sheet and Tubular Form 

C 612-04................Mineral-fiber Block and Boa rd Thermal Insulation 
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F.  National Electrical Manufacturing Association (NEMA ): 

250-2008................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

G.  National Fire Protection Association (NFPA): 

70-2008.................National Electrical Code 

H.  Underwriters Laboratories, Inc. (UL): 

1995-2005............... Heating and Cooling Equipm ent   

1.6  SUBMITTALS 

A.  Submit in accordance with Specification Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, and SAMPLES. 

B.  Manufacturer's Literature and Data. 

1.  Scroll water chillers, including motor starters, co ntrol panels, and 

vibration isolators, and remote condenser data shal l include the 

following: 

a.  Rated capacity. 

b.  Pressure drop. 

c.  Efficiency at full load and part load WITHOUT apply ing any 

tolerance indicated in the AHRI 550/590/Standard. 

d.  Refrigerant  

e.  Fan performance (Air-Cooled Chillers only.) 

f.  Accessories. 

g.  Installation instructions. 

h.  Startup procedures. 

i.  Wiring diagrams, including factor-installed and fie ld-installed 

wiring. 

j.  Sound/Noise data report. Manufacturer shall provide  sound ratings. 

Noise warning labels shall be posted on equipment. 

k.  Not Used  

l.  Not Used  

C.  Maintenance and operating manuals for each piece of  equipment in 

accordance with Section 01 00 00, GENERAL REQUIREME NTS. 

D.  Run test report for all chillers. 

E.  Product Certificate: Signed by chiller manufacturer  certifying that 

chillers furnished comply with AHRI requirements. T he test report shall 

include calibrated curves, calibration records, and  data sheets for the 

instrumentation used in factory tests.  

F.  Not Used  
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PART 2 -  PRODUCTS 

2.1  CENTRIFUGAL ROTARY-SCREW SCROLL WATER-COOLED WATER CHILLERS – NOT USED 

2.2  ABSORPTION WATER CHILLERS – NOT USED 

2.3  SCROLL AIR-COOLED WATER CHILLERS 

A.  General: Factory-assembled and-tested scroll water chillers, complete 

with evaporator, compressors, motor, starters, inte gral condenser, and 

controls mounted on a welded steel base. The chille r unit shall consist 

of two compressors minimum, but not more than eight , mounted on a single 

welded steel base. Where compressors are paralleled , not more than two 

shall be so connected and not less than two indepen dent refrigerant 

circuits shall be provided. Chiller shall be capabl e of operating one of 

the following refrigerants: HCFC-134a or HCFC-410a.         

B.  Performance:  Provide the capacity as shown on the drawings. Part load 

and full load efficiency ratings of the chiller sha ll not exceed those 

shown on the drawings. If chillers are required to operate at less than 

25 percent of full unit rated capacity, specify pro vision for hot gas 

by-pass, to operate the unit stable at any stage of  capacity reduction.  

C.  Capacity of a single air-cooled chiller shall not e xceed 250 Tons 

(Standard AHRI Conditions).  

D.  Applicable Standard: Chillers shall be rated and ce rtified according to 

AHRI 550/590, and shall be stamped in compliance wi th AHRI 

certification.  

E.  Acoustics:  Sound pressure levels shall not exceed the following 

specified levels.  The manufacturer shall provide s ound treatment if 

required to comply with the specified maximum level s.  Testing shall be 

in accordance with AHRI requirements. 

OCTAVE BAND     Overall 

63 125 250 500 1000  2000  4000  8000     dB(A)            

                           

F.  Not Used  

G.  Compressor (Scroll Type): Three dimensional, positi ve-displacement, 

hermetically sealed design, with suction and discha rge valves, crankcase 

oil heater and suction strainer. Compressor shall b e mounted on 

vibration isolators. Rotating parts shall be factor y balanced. 

Lubrication system shall consist of reversible, pos itive displacement 

pump, strainer, oil level sight glass, and oil char ging valve. Capacity 

control shall be by on-off compressor cycling of si ngle and multiple 

compressors and hot gas bypass. 
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H.  Refrigerants Circuit: Each circuit shall contain in clude an expansion 

valve, refrigerant charging connections, hot-gas mu ffler, compressor 

suction and discharge shutoff valves, replaceable-c ore filter drier, 

sight glass with moisture indicator, liquid-line so lenoid valve and 

insulated suction line. 

I.  Refrigerant and Oil: Sufficient volume of dehydrate d refrigerant and 

lubricating oil shall be provided to permit maximum  unit capacity 

operation before and during tests. Replace refriger ant charge lost 

during the warranty period, due to equipment failur e, without cost to 

the Government. 

J.  Condenser: 

1.  Air-cooled integral condenser as shown on the drawi ngs and specified 

hereinafter. 

2.  Integral Condenser:  Condenser coils shall be exten ded surface fin 

and tube type, seamless copper tubes with aluminum fins. For 

corrosion protection, see Paragraph 2.7 below.  Con denser coils shall 

be factory air tested at 3105 kPa (450 psig). Conde nser fans shall be 

propeller type, directly connected to motor shaft. Fans shall be 

statically and dynamically balanced, with wire safe ty guards.  

Condenser fan motors with permanently lubricated ba ll bearings and 

three-phase thermal overload protection.  Unit shal l start -18°C 

(0 °F) with external damper assemblies.  Units shall ha ve grilles 

factory mounted to prevent damage to coil surfaces.  

3.  Not Used 

K.  Evaporator: Brazed plate and frame type heat exchan ger design. Brazed 

plate evaporator shall be constructed of stainless steel with copper 

brazing material.  The evaporator shall be designed  for a minimum of 1.5 

times the working pressure produced by the water sy stem, but not less 

than 10,350 kPa (150 psig). Refrigerant side workin g pressure shall 

comply with ASHRAE Standard 15. Evaporator for pack aged air-cooled 

chiller units designed for outdoor installation sha ll be protected 

against freeze-up in ambient temperature down to -3 0 degrees C (-20 

degrees F) by a resistance heater cable under insul ation with thermostat 

set to operate below 3 degrees C (37 degrees F) amb ient.  

L.  Insulation: Evaporator, suction piping, compressor,  and all other parts 

subject to condensation shall be insulated with 20 mm (0.75 inch) 

minimum thickness of flexible-elastomeric thermal i nsulation, complying 

with ASTM C534. 
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M.  Refrigerant Receiver: Provide a liquid receiver for  chiller units when 

system refrigerant charge exceeds 80 percent of con denser refrigerant 

volume. Liquid receivers shall be horizontal-type, designed, fitted, and 

rated in conformance with AHRI 495. Receiver shall be constructed and 

tested in conformance with Section VIII D1 of the A SME Boiler and 

Pressure Vessel Code. Each receiver shall have a st orage capacity not 

less than 20 percent in excess of that required for  fully charged 

system. Each receiver shall be equipped with inlet,  outlet drop pipes, 

drain plug, purging valve, and relief devices as re quired by ASHRAE 

Standard 15. 

N.  Controls: Chiller shall be furnished with unit moun ted, stand-alone, 

microprocessor-based controls in NEMA 3R enclosure,  hinged and lockable, 

factory wired with a single point power connection and separate control 

circuit. The control panel provide chiller operatio n, including 

monitoring of sensors and actuators, and shall be f urnished with light 

emitting diodes or liquid-crystal display keypad. 

1.  Following shall display as a minimum on the panel: 

a.  Date and time. 

b.  Outdoor air temperature. 

c.  Operating and alarm status. 

d.  Entering and leaving water temperature-chilled wate r. 

e.  Operating set points-temperature and pressure.  

f.  Refrigerant temperature and pressure. 

g.  Operating hours.  

h.  Number of starts. 

i.  Current limit set point. 

j.  Maximum motor amperage (percent). 

2.  Control Functions: 

a.  Manual or automatic startup and shutdown time sched ule. 

b.  Not Used  

c.  Entering and leaving chilled water temperature and control set 

points. 

d.  Automatic lead-lag switch. 

3.  Safety Functions: Following conditions shall shut d own the chiller 

and require manual reset to start: 

a.  Loss of chilled water flow. 

b.  Not Used  

c.  Low chilled water temperature.  

d.  Compressor motor current-overload protection. 

e.  Freeze protection (for air-cooled chillers). 
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f.  Starter fault. 

g.  High or low oil pressure. 

h.  Recycling pumpdown. 

O.  The chiller control panel shall provide leaving chi lled water 

temperature reset based on 4-20 ma or 0-10 VDC and/ or signal from Energy 

Control Center (ECC). 

P.  Provide contacts for remote start/stop, alarm for a bnormal operation or 

shutdown, and for Engineering Control Center (ECC).  

Q.  Chiller control panel shall either reside on the "L onTalk FTT-10a 

network", and provide data using LonMark standard n etwork variable types 

and configuration properties, or BACnet interworkin g using ARCNET or 

MS/TP physical data link layer protocol for communi cation with building 

automation control system.  

R.  Auxiliary hydronic system and the chiller(s) shall be interlocked to 

provide time delay and start sequencing as indicate d on control 

drawings.  

S.  Motor: Refer to Section 23 05 11, COMMON WORK RESUL TS FOR HVAC. 

Compressor motor furnished with the chiller shall b e in accordance with 

the chiller manufacturer and the electrical specifi cation Section 23 05 

12, GENERAL MOTOR REQUIREMENTS FOR HVAC and STEAM GENERATION EQUIPMENT. 

Starting torque of motors shall be suitable for dri ven machines. 

T.  Motor Starter: Refer to Section 23 05 11, COMMON WO RK RESULTS FOR HVAC. 

Provide a starter in NEMA I enclosure, designed for  floor or unit 

mounted chiller using multiple compressors, with th e lead compressor 

starting at its minimum capacity may be provided wi th across-the-line 

starter. See Section 26 29 11, LOW-VOLTAGE MOTOR ST ARTERS for additional 

requirements. 

2.4  CONDENSING UNITS FOR AIR CONDITIONING SERVICE – NOT  USED  

2.5  CONDENSERS – NOT USED 

2.6  REFRIGERANT MONITORING AND SAFETY EQUIPMENT – NOT USED 

2.7  CORROSION PROTECTION 

A.  Remote Outdoor Condenser Coils: Epoxy Immersion Coa ting – Electrically 

Deposited: The multi-stage corrosion-resistant coat ing application 

comprises of cleaning (heated alkaline immersion ba th) and reverse-

osmosis immersion rinse prior to the start of the c oating process.  The 

coating thickness shall be maintained between 0.6-m il and 1.2-mil.  

Before the coils are subjected to high-temperature oven cure, they are 

treated to permeate immersion rinse and spray.  Whe re the coils are 

subject to UV exposure, UV protection spray treatme nt comprising of UV-
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resistant urethane mastic topcoat shall be applied.   Provide complete 

coating process traceability for each coil and mini mum five years of 

limited warranty.  The coating process shall be suc h that uniform 

coating thickness is maintained at the fin edges.  The quality control 

shall be maintained by ensuring compliance to the a pplicable ASTM 

Standards for the following: 

1.  Salt Spray Resistance (Minimum 6,000 Hours) 

2.  Humidity Resistance (Minimum 1,000 Hours) 

3.  Water Immersion (Minimum 260 Hours)  

4.  Cross-Hatch Adhesion (Minimum 4B-5B Rating) 

5.  Impact Resistance (Up to 160 Inch/Pound)  

B.  Exposed Outdoor Cabinet: Casing Surfaces (Exterior and Interior): All 

exposed and accessible metal surfaces shall be prot ected with a water-

reducible acrylic with stainless steel pigment spra y-applied over the 

manufacturer’s standard finish.  The spray coating thickness shall be 2-

4 mils and provide minimum salt-spray resistance of  1,000 hours (ASTM 

B117) AND 500 hours UV resistance (ASTM D4587) 

PART 3 -  EXECUTION 

3.1  EXAMINATION 

A.  Examine roughing-in for concrete equipment bases, a nchor-bolt sizes and 

locations, piping and electrical to verify actual l ocations and sizes 

before chiller installation and other conditions th at might affect 

chiller performance, maintenance, and operation. Eq uipment locations 

shown on drawings are approximate. Determine exact locations before 

proceeding with installation.  

3.2  EQUIPMENT INSTALLATION 

A.  Install chiller on concrete base with isolation pad s or vibration 

isolators. 

1.  Concrete base is specified in Section 03 30 00, CAS T-IN-PLACE 

CONCRETE 

2.  Vibration isolator types and installation requireme nts are specified 

in Section 23 05 41, NOISE and VIBRATION CONTROL FO R HVAC PIPING and 

EQUIPMENT 

3.  Anchor chiller to concrete base according to manufa cturer’s written 

instructions.  

4.  Charge the chiller with refrigerant, if not factory  charged. 

5.  Install accessories and any other equipment furnish ed loose by the 

manufacturer, including remote starter, remote cont rol panel, and 
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remote flow switches, according to the manufacturer  written 

instructions and electrical requirements. 

6.  Chillers shall be installed in a manner as to provi de easy access for 

tube pull and removal of compressor and motors etc.  

B.  Not Used  

C.  Install refrigerant piping as specified in Section 23 23 00, REFRIGERANT 

PIPING and ASHRAE Standard 15. 

D.  Install thermometers and gages as recommended by th e manufacturer and/or 

as shown on drawings. 

E.  Piping Connections:  

1.  Make piping connections to the chiller for chilled water and other 

connections as necessary for proper operation and m aintenance of the 

equipment. 

2.  Make equipment connections with flanges and couplin gs for easy 

removal and replacement of equipment from the equip ment room. 

3.  Extend vent piping from the relief valve and purge system to the 

outside. 

3.3  STARTUP AND TESTING 

A.  Engage manufacturer's factory-trained representativ e to perform startup 

and testing service. 

B.  Inspect, equipment installation, including field-as sembled components, 

and piping and electrical connections. 

C.  After complete installation startup checks, accordi ng to the 

manufacturers written instructions, do the followin g to demonstrate to 

the VA that the equipment operate and perform as in tended.  

1.  Check refrigerant charge is sufficient and chiller has been tested 

for refrigerant leak. 

2.  Check bearing lubrication and oil levels. 

3.  Verify proper motor rotation.  

4.  Verify pumps associated with chillers are installed  and operational. 

5.  Verify thermometers and gages are installed. 

6.  Verify purge system, if installed, is functional an d relief piping is 

routed outdoor.  

7.  Operate chiller for run-in-period in accordance wit h the 

manufacturer’s instruction and observe its performa nce.  

8.  Check and record refrigerant pressure, water flow, water temperature, 

and power consumption of the chiller. 

9.  Test and adjust all controls and safeties. Replace or correct all 

malfunctioning controls, safeties and equipment as soon as possible 

to avoid any delay in the use of the equipment. 
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10.Prepare a written report outlining the results o f tests and 

inspections, and submit it to the VA.  

D.  Engage manufacturer’s certified factory trained rep resentative to 

provide training for 8 hours for the VA maintenance  and operational 

personnel to adjust, operate and maintain equipment .  

 

- - - E N D - - - 
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SECTION 23 72 00 
AIR-TO-AIR ENERGY RECOVERY EQUIPMENT 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

This Section specifies rotary air-to-air heat excha ngers and air-to-air 

plate heat exchangers. 

1.2  RELATED WORK  

A.  Section 01 00 00, GENERAL REQUIREMENTS: Requirement s for pre-test of 

equipment. 

B.  Not Used 

C.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC: Gen eral mechanical 

requirements and items, which are common to more th an one section of 

Division 23.  

D.  Section 23 21 23, HYDRONIC PUMPS: Requirements for pumping equipment. 

E.  Section 23 07 11, HVAC and BOILER PLANT INSULATION:  Requirements for 

piping insulation.  

F.  Section 23 21 13, HYDRONIC PIPING: Requirements for  piping for expansion 

tanks. 

G.  Section 23 82 16, AIR COILS: Requirements for run-a round system coils. 

H.  Section 23 31 00, HVAC DUCTS and CASINGS: Requireme nts for sheet metal 

ducts and fittings. 

I.  Section 23 40 00, HVAC AIR CLEANING DEVICES: Requir ements for filters 

used before heat recovery coils. 

J.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC: Requirements 

for controls and instrumentation. 

K.  Section 23 05 93, TESTING, ADJUSTING and BALANCING FOR HVAC: 

Requirements for testing, adjusting and balancing o f HVAC system.  

L.  Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS: R equirements for 

commissioning, systems readiness checklists, and tr aining. 

M.  Section 01 91 00 – GENERAL COMMISSIONING REQUIREMEN TS  

1.3  QUALITY ASSURANCE  

A.  Refer to paragraph, GUARANTEE in specification Sect ion 01 00 00, GENERAL 

REQUIREMENTS. 

B.  Refer to specification Section 01 00 00, GENERAL RE QUIREMENTS for 

performance tests and instructions to VA personnel.  

C.  Refer to paragraph QUALITY ASSURANCE in specificati on Section 23 05 11, 

COMMON WORK RESULTS FOR HVAC. 
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D.  Performance Criteria: Heat recovery equipment shall  be provided by a 

manufacturer who has been manufacturing such equipm ent and the equipment 

has a good track record for at least 3 years.  

E.  Performance Test: In accordance with PART 3.  

1.4  SUBMITTALS 

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT DATA, 

and SAMPLES. 

B.  Manufacturer's Literature and Data:  

1.  Not Used   

2.  Rotary Heat Exchanger  

3.  Plate Heat Exchanger  

4.  Not Used   

C.  Certificate: Submit, simultaneously with shop drawi ngs, an evidence of 

satisfactory service of the equipment on three simi lar installations.  

D.  Submit type, size, arrangement and performance deta ils. Present 

application ratings in the form of tables, charts o r curves.  

E.  Provide installation, operating and maintenance ins tructions, in 

accordance with Article, INSTRUCTIONS, in Section 0 1 00 00, GENERAL 

REQUIREMENTS.  

F.  Completed System Readiness Checklists provided by t he Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the requirements 

of Section 23 08 00 COMMISSIONING OF HVAC SYSTEMS. 

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  Air Conditioning, Heating, and Refrigeration Instit ute (AHRI) 

AHRI 1060-2005..........Performance Rating of Air-t o-Air Heat Exchangers 

for Energy Recovery Ventilation Equipment 

C.  American Society of Heating, Refrigeration and Air Conditioning 

Engineers (ASHRAE):  

15-10...................Safety Standard for Refrige ration Systems (ANSI) 

52.1-92.................Gravimetric and Dust-Spot P rocedures for Testing 

Air-Cleaning Devices Used in General Ventilation 

for Removing Particulate Matter 

52.2-07.................Method of Testing General V entilation Air-

Cleaning Devices for Removal Efficiency by 

Particle Size 



05-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 72 00-3 

84-08...................Method of Testing Air-to-Ai r Heat/Energy 

Exchangers   

D.  American Society for Testing and materials (ASTM) 

D635-10.................Standard Test Method for Ra te of Burning and/or 

Extent and Time of Burning of Plastics in a 

Horizontal Position 

E84-10..................Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

E.  American Society of Civil Engineers (ASCE) 

ASCE 7-10...............Minimum Design Loads for Bu ildings and Other 

Structures 

F.  Underwriters Laboratories, Inc (UL) 

1812-2009...............Standard for Ducted Heat Re covery Ventilators 

1815-2009...............Standard for Nonducted Heat  Recovery Ventilators 

PART 2 -  PRODUCTS  

2.1  AIR-TO-AIR HEAT PIPE HEAT EXCHANGERS – NOT USED  

2.2  ROTARY AIR-TO-AIR HEAT EXCHANGER:  

A.  Exchanger Rotor or Wheel: Aluminum transfer media w ith a flame spread 

rating of 25 and less and smoke developed rating of  50 and less, and 

independently tested in accordance with ASTM standa rd E-84. Rotor media 

shall be independently tested in accordance with AS HRAE Standard 84. It 

shall allow laminar flow (but not radial) when oper ating within 

published operating airflow ranges and prevent leak age, bypassing and 

cross contamination by cross flow within wheel. Siz e the transfer media 

to allow passage of 300 micrometers particles witho ut fouling or 

clogging. When latent heat transfer is required, tr eat media with 

non-degrading desiccant or silica-gel desiccant coa ting that is 

bacteriostatic, non-corroding and non-toxic. No asb estos material will 

be allowed. Wheel shall not condense water directly  or require a 

condensate drain for summer or winter operation. Pe rformance rating 

shall be in accordance with AHRI Standard 1060.  

B.  Rotor: Glass-fiber or Polymer segmented wheel stren gthened with radial 

spokes impregnated with non-migrating, water-select ed, 3A or 4A 

molecular-sieve desiccant coating. 

1.  Maximum Solid Size for media to pass: 500 micromete rs. 

C.  Casings shall be sealed on periphery of rotor as we ll as on duct divider 

and purge section. Seals shall be adjustable, of ex tended life materials 

and effective in limiting air leakage.  



05-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 72 00-4 

D.  Wheel shall be supported by ball or roller bearings  and belt driven by a 

fractional horsepower, totally enclosed, NEMA Stand ard motor through a 

close coupled positively lubricated speed reducer, or gear/chain speed 

reduction. Refer to Section 23 05 12, GENERAL MOTOR  REQUIREMENTS FOR 

HVAC and STEAM GENERATION EQUIPMENT. 

1.  Motors for constant speed exchanger wheels shall be  an AC motor.   

2.  Variable-speed exchanger wheels shall have exchange r wheel speed and 

leaving-air temperature controlled by means of a va riable-speed motor 

controller.  The speed shall be controlled as noted  in paragraph G 

below. Operation shall be from 115/1/60 and by a pr oportioning 

temperature controller which shall vary output volt age of a silicon 

controlled rectifier (SCR) to a rectified power mot or which will 

change speed in proportion to changes of voltage to  its armature. 

Automatic changeover for summer-winter operations s hall be controlled 

by an adjustable thermoswitch. Set point of adjusta ble proportioning 

temperature controller and thermoswitch shall be in dicated on visible 

scale. System shall be capable of speed reduction d own to 5 percent 

of capacity while maintaining adequate torque at an y point of 

operation to rotate wheel.  

E.  An automatic, factory-fabricated, field-adjustable purge unit shall 

limit exhaust air carry-over to less than 1.0 perce nt of rated volume.  

Purge shall be effective when static pressure diffe rence between supply 

and exhaust is 125 Pa (one-half, inch wg) or greate r, and it shall have 

provision for restriction or adjustment to limit pu rge air volume to not 

over five percent of rated air flow when a static p ressure difference up 

to 2.5 kPa (10 inch wg) exists.  

F.  Unit shall be constructed of heavy gage steel to in sure rigidity and 

stability. Casing side panels shall be removable to  insure easy access 

to internal parts and have integral flanges for fla nged duct connection 

and lifting holes or lugs. 

G.  Controls starting relay shall be factory mounted an d wired and include a 

manual motor starter for field wiring.  Variable fr equency controller 

shall be factory mounted and wired, permitting inpu t of field connected 

4-20 mA or 1-10-V control signal.  When exhaust-air  temperature is less 

than outdoor-air temperature, the rotor shall be at  maximum speed. 

1.  Not Used  

H.  Filters: MERV 7, 2-inch throw-away type. Refer to S ection 23 40 00 HVAC 

Air Cleaning Devices.  

2.3  AIR-TO-AIR PLATE HEAT EXCHANGER  

A.  Comply with UL Standards 1812.   
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B.  Plates: Corrugated 0.53 mm (0.021 inch) diamond emb ossed aluminum 

spacing as recommended by the manufacturer.  

C.  Bedding: Thermosetting reinforced resin. Provide pl ate seal-off and 

passage separation at top, bottom and center divide r. The resins shall 

be self-extinguishing type in accordance with ASTM D635.  

D.  Casing and End Strips: Casing of 1.6 mm (16 gage) g alvanized steel, 

except casings for corrosive air streams shall be s tainless steel. End 

strips of the same material as exchanger plates. En ds of unit exchanger 

plates shall be sealed with high temperature silico n sealant prior to 

installation of end strip for corrosive air streams  provide welded end 

strips to avoid cross contaminations.  

E.  Casings shall have integral flanges for flanged duc t connections and 

shall have lifting holes or lugs.  

F.  Drain Pan: Same material as unit casing. Drain-pan surface shall be 

covered with molded ABS, and shall have drain conne ctions on exhaust and 

supply side. Comply with requirements in ASHRAE 62. 1-2004. 

G.  Accessories:  Furnish where indicated on the drawin gs.  

1.  Face and Bypass Dampers: Manufacturer's standard, c omplete with 

operators, with factory-installed controls to opera te face-and-bypass 

dampers during summer and winter. 

2.  Defrost System. Factory installed and capable of ma intaining at least 

85 percent of the non-frosted performance at -29 de grees C (-20 

degrees F). 

H.  Water Wash: Automatic system with spray manifold to  individual spray 

tubes or traversing type with stainless-steel-screw  operating mechanism 

and electric motor drive; activated by time clock w ith detergent 

injection. 

I.  Extended-Surface, Disposable Panel Filters: MERV 7,  2-inch throw-away 

type. Refer to Section 23 40 00 HVAC Air Cleaning D evices. 

2.4  RUN-AROUND ENERGY RECOVERY SYSTEM – NOT USED 

2.5  AIR FILTERS 

Air Filters: Disposable air filters, with a MERV ra ting of 7, shall be 

provided standard on all air entering sides of air- to-air heat 

exchangers and as indicated on the drawings. Comply  with requirements in 

specification Section 23 40 00, HVAC AIR CLEANING D EVICES.   
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PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Follow the equipment manufacturer's instructions fo r handling and 

installation and setting up of ductwork for makeup and exhaust air 

steamers for maximum efficiency. 

B.  Rotary Air-to-Air Exchanger: Adjust seals and purge  as recommended by 

the manufacturer. Verify correct installation of co ntrols.  

C.  Seal ductwork tightly to avoid air leakage. 

D.  Install units with adequate spacing and access for cleaning and 

maintenance of heat recovery coils as well as filte rs. 

E.  Not Used  

F.  Not Used  

3.2  FIELD QUALITY CONTROL 

A.  Operational Test:  Perform tests as per manufacture r’s written 

instructions for proper and safe operation of the h eat recovery system. 

1.  After electrical circuitry has been energized, star t units to confirm 

proper motor rotation and unit operation. 

2.  Adjust seals and purge. 

3.  Test and adjust controls and safeties. 

B.  Replace damaged and malfunctioning controls and equ ipment. 

C.  Set initial temperature and humidity set points.  S et field-adjustable 

switches and circuit-breaker trip ranges as indicat ed. 

D.  Prepare test and inspection reports to the Senior C OR in accordance with 

specification Section 01 00 00, GENERAL REQUIREMENT S. 

3.3  INSTRUCTIONS  

Provide services of manufacturer's technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of heat 

recovery equipment. 

3.4  STARTUP AND TESTING  

The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the COR and Commissioning Agent. Pro vide a minimum of 7 

days prior notice. 

3.5  COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 
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B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

3.6  DEMONSTRATION AND TRAINING  

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00 – COMMISSIONIN G OF HVAC SYSTEMS. 

 

- - - E N D - - - 
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SECTION 23 74 13 
PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Roof top air handling units including integral c omponents specified 

herein. 

B. Definitions: Roof Top Air Handling Unit(Roof Top  Units, RTU): A factory 

fabricated assembly consisting of fan, coils, filte rs, and other 

necessary equipment to perform one or more of the f ollowing functions of 

circulating, cleaning, heating, cooling, humidifyin g, dehumidifying, and 

mixing of air. Design capacities of units shall be as scheduled on the 

drawings. 

1.2 RELATED WORK 

  A. Not Used 

B. Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General mechanical 

requirements and items, which are common to more th an one section of 

Division 23. 

C. Section 23 05 41, NOISE and VIBRATION CONTROL FO R HVAC PIPING and 

EQUIPMENT: Sound and vibration requirements. 

D. Section 23 07 11, HVAC and BOILER PLANT INSULATI ON: Piping and duct 

insulation.  

E. Section 23 21 13, HYDRONIC PIPING and Section 23  22 13, STEAM and 

CONDENSATE HEATING PIPING: Piping and valves. 

F. Section 23 82 16, AIR COILS: Heating and cooling  coils and pressure 

requirements.  

G. Not Used  

H. Section 23 31 00, HVAC DUCTS and CASINGS: Requir ements for flexible duct 

connectors, sound attenuators and sound absorbing d uct lining. 

I. Section 23 40 00, HVAC AIR CLEANING DEVICES: Air  filters and filters' 

efficiency.  

J. Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC: HVAC controls.  

K. Section 23 05 93, TESTING, ADJUSTING, and BALANC ING FOR HVAC: Testing, 

adjusting and balancing of air and water flows.  

L. Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR  HVAC and STEAM 

GENERATION EQUIPMENT: Types of motors.  

M. Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS: Ty pes of motor starters.  

N. Section 01 91 00, GENERAL COMMISSIONING REQUIREM ENTS:   

O. Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS : Requirements for 

commissioning, systems readiness checklists, and tr aining. 
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1.3 QUALITY ASSURANCE 

A. Refer to Article, Quality Assurance, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC. 

B. Air Handling Units Certification 

1. Not Used   

2. Air Handling Units with Plenum Fans: 

a. Air Handling Units with a single Plenum Fan shal l be certified in 

accordance with AHRI 430 and tested/rated in accord ance with AHRI 

260.  

b. Not Used   

C. Heating, Cooling, and Air Handling Capacity and Performance Standards: 

AHRI 430, AHRI 410, ASHRAE 51, and AMCA 210.  

D. Performance Criteria: 

1. The fan BHP shall include all system effects for  all fans and v-belt 

drive losses for housed centrifugal fans. 

2. The fan motor shall be selected within the rated  nameplate capacity, 

without relying upon NEMA Standard Service Factor. 

3. Select the fan operating point as follows: 

a. Not Used 

b. Air Foil, Backward Inclined, or Tubular Fans Inc luding Plenum 

Fans: At or near the peak static efficiency but at an appropriate 

distance from the stall line.     

4. Operating Limits: AMCA 99 and Manufacturer’s Rec ommendations.   

E. Units shall be factory-fabricated, assembled, an d tested by a 

manufacturer, in business of manufacturing similar air-handling units 

for at least five (5) years. 

1.4 SUBMITTALS:  

A. The contractor shall, in accordance with Section  01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES, furnish a comp lete submission for 

all roof top units covered in the project. The subm ission shall include 

all information listed below. Partial and incomplet e submissions shall 

be rejected without reviews. 

B. Manufacturer's Literature and Data: 

1. Submittals for RTUs shall include fans, drives, motors, coils, mixing 

box with outside/return air dampers, filter housing s and all other 

related accessories. The contractor shall provide c ustom drawings 

showing total air handling unit assembly including dimensions, 

operating weight, access sections, flexible connect ions, door swings, 

controls penetrations, electrical disconnect, light s, duplex 

receptacles, switches, wiring, utility connection p oints, unit 



04-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 74 13 - 3 

support system, vibration isolators, drain pan, pre ssure drops 

through each component (filter, coil etc) and riggi ng points.  

2. Submittal drawings of section or component only,  will not be 

acceptable. Contractor shall also submit performanc e data including 

performance test results, charts, curves or certifi ed computer 

selection data; data sheets; fabrication and insula tion details; if 

the unit cannot be shipped in one piece, the contra ctor shall 

indicate the number of pieces that each unit will h ave to be broken 

into to meet shipping and job site rigging requirem ents. This data 

shall be submitted in hard copies and in electronic  version 

compatible to AutoCAD version used by the VA at the  time of 

submission. 

3. Submit sound power levels in each octave band fo r fan and at entrance 

and discharge of RTUs at scheduled conditions. Incl ude sound 

attenuator capacities and itemized internal compone nt attenuation. 

Internal lining of supply air ductwork with sound a bsorbing material 

is not permitted. In absence of sound power ratings  refer to Section 

23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPI NG AND EQUIPMENT.  

4. Provide fan curves showing Liters/Second (cubic feet per minute), 

static pressure, efficiency, and horsepower for des ign point of 

operation and at maximum design Liters/Second (cubi c feet per minute) 

and 110 percent of design static pressure.  

5. Submit total fan static pressure, external stati c pressure, for RTU 

including total, inlet and discharge pressures, and  itemized 

specified internal losses and unspecified internal losses. Refer to 

air handling unit schedule on drawings. 

C. Maintenance and operating manuals in accordance with Section 01 00 00, 

GENERAL REQUIREMENTS. Include instructions for lubr ication, filter 

replacement, motor and drive replacement, spare par t lists, and wiring 

diagrams. 

D. Submit written test procedures two weeks prior t o factory testing. 

Submit written results of factory tests for approva l prior to shipping. 

E. Completed System Readiness Checklists provided b y the Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the requirements 

of Section 23 08 00 COMMISSIONING OF HVAC SYSTEMS. 

F. Submit shipping information that clearly indicat es how the units will be 

shipped in compliance with the descriptions below.  

1. Units shall be shipped in one (1) piece where po ssible and in shrink 

wrapping to protect the unit from dirt, moisture an d/or road salt.   
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2. If not shipped in one (1) piece, provide manufac turer approved 

shipping splits where required for installation or to meet shipping 

and/or job site rigging requirements in modular sec tions. Indicate 

clearly that the shipping splits shown in the submi ttals have been 

verified to accommodate the construction constraint s for rigging as 

required to complete installation and removal of an y section for 

replacement through available access without advers ely affecting 

other sections.  

3. If shipping splits are provided, each component shall be individually 

shrink wrapped to protect the unit and all necessar y hardware (e.g. 

bolts, gaskets etc.) will be included to assemble u nit on site (see 

section 2.1.A4).   

4. Lifting lugs will be provided to facilitate rigg ing on shipping 

splits and joining of segments.  If the unit cannot  be shipped in one 

piece, the contractor shall indicate the number of pieces that each 

unit will have to be broken into to meet shipping a nd job site 

rigging requirements.   

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. Air-Conditioning, Heating, and Refrigeration Ins titute (AHRI): 

260-01..................Sound Rating of Ducted Air Moving and 

Conditioning Equipment  

410-01..................Standard for Forced-Circula tion Air-Heating and 

Air-Cooling Coils 

430-09..................Standard for Central Statio n Air Handling Units 

AHRI-DCAACP.............Directory of Certified Appl ied Air Conditioning 

Products 

C. Air Moving and Conditioning Association (AMCA): 

210-07..................Laboratory Methods of Testi ng Fans for Rating 

D. Anti-Friction Bearing Manufacturer's Association , Inc. (AFBMA): 

9-90 (R2008)............Load Ratings and Fatigue li fe for Ball Bearings 

E. American Society of Heating, Refrigerating and A ir Conditioning 

Engineers (ASHRAE): 

51-2007.................Laboratory Methods of Testi ng Fans for Rating  

F. American Society for Testing and Materials (ASTM ): 

A653/653M-02............Steel Sheet, Zinc-Coated (G alvanized) or Zinc-

Iron Alloy-Coated (Galvannealed) by the Hot-Dip 

Process 
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B117-07a................Salt Spray (Fog) Testing 

C1071-05e1..............Standard Specification for Fibrous Glass Duct 

Lining Insulation (Thermal and Sound Absorbing 

Material) 

D1654-08................Standard Method for Evaluat ion of Painted or 

Coated Specimens Subjected to Corrosive 

Environments 

D1735-08................Water Resistance of Coating s Using Water Fog 

Apparatus 

D3359-08................Standard Test Methods for M easuring Adhesion by 

Tape Test 

E84-10..................Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

G. Anti-Friction Bearing Manufacturer's Association , Inc. (AFBMA): 

9-90....................Load Ratings and Fatigue li fe for Ball Bearings  

H. Military Specifications (Mil. Spec.): 

DOD-P-21035A-2003.......Paint, High Zinc Dust Conte nt, Galvanizing 

Repair 

I. National Fire Protection Association (NFPA): 

NFPA 90A................Standard for Installation o f Air Conditioning 

and Ventilating Systems, 2009 

J. Energy Policy Act of 2005 (P.L.109-58) 

PART 2 - PRODUCTS 

2.1 ROOF TOP AIR HANDLING UNITS 

A. General: 

1. Roof top units (RTU) shall be fabricated from in sulated, solid 

double-wall galvanized steel without any perforatio ns in draw-through 

configuration.  Casing is specified in paragraph 2. 1.C. Galvanizing 

shall be hot dipped conforming to ASTM A525 and sha ll provide a 

minimum of 0.275 kg of zinc per square meter (0.90 oz. of zinc per 

square foot) (G90). Aluminum constructed units may be provided 

subject to VA approval and documentation that struc tural rigidity is 

equal or greater than the galvanized steel specifie d.  

2. The contractor and the RTU manufacturer shall be  responsible for 

insuring that the unit will not exceed the allocate d space shown on 

the drawings, including required clearances for ser vice and future 

overhaul or removal of unit components. All structu ral, piping, 

wiring, and ductwork alterations of units, which ar e dimensionally 

different than those specified, shall be the respon sibility of the 

contractor at no additional cost to the government.   
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3. RTUs shall be fully assembled by the manufacture r in the factory in 

accordance with the arrangement shown on the drawin gs. The unit shall 

be assembled into the largest sections possible sub ject to shipping 

and rigging restrictions. The correct fit of all co mponents and 

casing sections shall be verified in the factory fo r all units prior 

to shipment. All units shall be fully assembled, te sted and then 

split to accommodate shipment and job site rigging.  On units not 

shipped fully assembled, the manufacturer shall tag  each section and 

include air flow direction to facilitate assembly a t the job site. 

Lifting lugs or shipping skids shall be provided fo r each section to 

allow for field rigging and final placement of unit . 

4. The RTU manufacturer shall provide the necessary  gasketing, caulking, 

and all screws, nuts, and bolts required for assemb ly. The 

manufacturer shall provide a local representative a t the job site to 

supervise the assembly and to assure the units are assembled to meet 

manufacturer's recommendations and requirements not ed on the 

drawings. Provide documentation that this represent ative has provided 

this service on similar jobs to the Contracting Off icer. If a local 

representative cannot be provided, the manufacturer  shall provide a 

factory representative. 

5. Gaskets: All door and casing and panel gaskets a nd gaskets between 

air handling unit components, if joined in the fiel d, shall be high 

quality which seal airtight and retain their struct ural integrity and 

sealing capability after repeated assembly and disa ssembly of bolted 

panels and opening and closing of hinged components . Bolted sections 

may use a more permanent gasketing method provided they are not 

disassembled.  

6. Structural Rigidity: Provide structural reinforc ement when required 

by span or loading so that the deflection of the as sembled structure 

shall not exceed 1/200 of the span based on a diffe rential static 

pressure of 1991 Pa (8 inches water gage) or higher .  

7. Corrosion Protection:  

a. Coil Treatment: Epoxy Immersion Coating–Electric ally Deposited: 

The multi-stage corrosion-resistant coating applica tion comprises 

of cleaning (heated alkaline immersion bath) and re verse-osmosis 

immersion rinse prior to the start of the coating p rocess. The 

coating thickness shall be maintained between 0.6-m il and 1.2-mil. 

 Before the coils are subjected to high-temperature  oven cure, 

they are treated to permeate immersion rinse and sp ray. Where the 

coils are subject to UV exposure, UV protection spr ay treatment 
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comprising of UV-resistant urethane mastic topcoat shall be 

applied.  Provide complete coating process traceabi lity for each 

coil and minimum five years of limited warranty. Th e coating 

process shall such that uniform coating thickness i s maintained at 

the fin edges.  The quality control shall be mainta ined by 

ensuring compliance to the applicable ASTM Standard s for the 

following: 

1) Salt Spray Resistance (Minimum 6,000 Hours) 

2) Humidity Resistance (Minimum 1,000 Hours) 

3) Water Immersion (Minimum 260 Hours)  

4) Cross-Hatch Adhesion (Minimum 4B-5B Rating) 

5) Impact Resistance (Up to 160 Inch/Pound)  

b. Casing Surfaces (Exterior and Interior): All exp osed and 

accessible exterior and interior metal surfaces sha ll be protected 

with a water-reducible acrylic with stainless steel  pigment spray-

applied over the manufacturer’s standard finish.  T he spray 

coating thickness shall be 2-4 mils and provide min imum salt-spray 

resistance of 1,000 hours (ASTM B117) and 500 hours  UV resistance 

(ASTM D4587). 

B. Base: 

1. Not Used  

2. RTUs shall be completely self supporting for ins tallation on roof 

curb.  

3. The RTU bases not constructed of galvanized mate rial shall be 

cleaned, primed with a rust inhibiting primer, and finished with rust 

inhibiting exterior enamel. 

C. Casing (including wall, floor and roof): 

1. General: RTU casing shall be entirely double wal l insulated panels, 

integral of or attached to a structural frame. Cons truction shall be 

such that removal of any panel shall not affect the  structural 

integrity of the unit. Casing finished shall meet s alt-spray test as 

specified in paragraph 2.1.C.10. All casing and pan el sections shall 

be tightly butted and gasketed. No gaps of double w all construction 

will be allowed where panels bolt to air handling u nit structural 

member. Structural members, not covered by the doub le wall panels, 

shall have equivalent insulated double wall constru ction.  

2. Double wall galvanized steel panels, minimum 51 mm (2 inches) thick, 

constructed to limit wall, roof and floor deflectio n to not exceed an 

L/240 ratio when the unit casing is pressurized to (±1245 Pa (±5 in. 

w.g.).  Deflection shall be measured at the midpoin t of the panel 
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height. Total housing leakage shall not exceed 1% o f rated cfm when 

the unit casing is pressurized to ±5 in. w.g. (±124 5 Pa).  The outer 

(skin) and inner panels shall be solid.   

3. Blank-Off: Provide blank-offs as required to pre vent air bypass 

between the AHU sections, around coils, and filters .  

4. Insulation: Insulation shall be injected CFC fre e polyurethane foam 

encased in double-wall casing between exterior and interior panels 

such that no insulation can erode to the air stream . Insulation shall 

be 50 mm (2 inch) thick, and 48 kg/m 3 (3.0 lb/ft 3) density with a 

total thermal resistance (R-value) of approximately  2.3 m.K/W (13.0 

hr-ft 2 O F/BTU). Units with less than 50 mm (2 inch) of insulation i n 

any part of the walls, floor, roof or drain pan sha ll not be 

acceptable. The insulation shall comply with NFPA 9 0-A for the flame 

and smoke generation requirements. Also, refer to s pecification 

Section 23 07 11, HVAC and BOILER PLANT INSULATION.   

 
Table 2.1.C.4 

Outer Panel 0.8 mm (22 Gage) Minimum 

Inner Panel 0.8 mm (22 Gage) Minimum 

Insulation 

Thickness 

Density 

Foam 

50 mm (2 inch) Minimum 

48 kg/m3 (3.0 lb/ft3) Minimum 

Total R Value  2.3 m 2.K/W (13.0 ft 2. OF.hr/Btu) 

Minimum 

 
5. The thickness of insulation, mode of application , and thermal breaks 

shall be such that there is no visible condensation  on the exterior 

panels of the AHU. 

6. Casing panels shall be secured to the support st ructure with 

stainless steel or zinc-chromate plated screws and gaskets installed 

around the panel perimeter. Panels shall be complet ely removable to 

allow removal of fan, coils, and other internal com ponents for future 

maintenance, repair, or modifications. Welded exter ior panels are not 

acceptable. 

7. Access Doors: Provide in each access section and  where shown on 

drawings. Show single-sided and double-sided access  doors with door 

swings on the floor plans. Doors shall be a minimum  of 50 mm (2 

inches) thick with same double wall construction as  the unit casing. 

Doors shall be a minimum of 600 mm (24 inches) wide , unless shown of 

different size on drawings, and shall be the full c asing height up to 
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a maximum of 1850 mm (6 feet). Doors shall be gaske ted, hinged, and 

latched to provide an airtight seal. The access doo rs for fan 

section, mixing box, coil section shall include a m inimum 150 mm x 

150 mm (6 inch x 6 inch) double thickness, with air  space between 

glass panes tightly sealed, reinforced glass or Ple xiglas window in a 

gasketed frame. 

a. Hinges: Manufacturers standard, designed for doo r size, weight and 

pressure classifications. Hinges shall hold door co mpletely rigid 

with minimum 45 kg (100 pound) weight hung on latch  side of door.  

b. Latches: Non-corrosive alloy construction, with operating levers 

for positive cam action, operable from either insid e or outside. 

Doors that do not open against unit operating press ure shall allow 

the door to ajar and then require approximately 0.7 85 radian (45 

degrees) further movement of the handle for complet e opening. 

Latch shall be capable of restraining explosive ope ning of door 

with a force not less than 1991 Pa (8 inches water gage).  

c. Gaskets: Neoprene, continuous around door, posit ioned for direct 

compression with no sliding action between the door  and gasket. 

Secure with high quality mastic to eliminate possib ility of gasket 

slipping or coming loose. 

8. Provide sealed sleeves, metal or plastic escutch eons or grommets for 

penetrations through casing for power and temperatu re control wiring 

and pneumatic tubing. Coordinate with electrical an d temperature 

control subcontractors for number and location of p enetrations. 

Coordinate lights, switches, and duplex receptacles  and disconnect 

switch location and mounting. All penetrations and equipment mounting 

may be provided in the factory or in the field. All  field 

penetrations shall be performed neatly by drilling or saw cutting. No 

cutting by torches will be allowed. Neatly seal all  openings 

airtight. 

9. Roof of the unit shall be sloped to have a minim um pitch of 1/4 inch 

per foot. The roof shall overhang the side panels b y a minimum of 

three inches to prevent precipitation drainage from  streaming down 

the unit side panels. 

10. Casing finished shall meet ASTM B117, 500-hour salt spray test, using 

20 percent sodium chloride solution. Immediately af ter completion of 

the test, the coating shall show no sign of blister ing, wrinkling, or 

cracking, no loss of adhesion, and the specimen sha ll show no sign of 

rust creepage beyond 1/8-inch on either side of scr atch mark.  
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D. Unit floor shall be level without offset space o r gap and designed to 

support a minimum of 488 kg/square meter (100 pound s per square foot) 

distributed load without permanent deformation or c rushing of internal 

insulation. Provide adequate structural base member s beneath floor in 

service access sections to support typical service foot traffic and to 

prevent damage to unit floor or internal insulation . Unit floors in 

casing sections, which may contain water or condens ate, shall be 

watertight with drain pan.  

E. Condensate Drain Pan: Drain pan shall be designe d to extend entire 

length of cooling coils including headers and retur n bends. Depth of 

drain pan shall be at least 43 mm (1.7 inches) and shall handle all 

condensate without overflowing. Drain pan shall be double wall 

construction, Type 304 stainless steel and have a m inimum of 50 mm (2 

inch) insulation and shall be sloped to drain. Drai n pan shall be 

continuous metal or welded watertight. No mastic se aling of joints 

exposed to water will be permitted. Drain pan shall  be placed on top of 

casing floor or integrated into casing floor assemb ly. Drain pan shall 

be pitched in all directions to drain line.  

1. An intermediate condensate drip pan shall be pro vided on stacked 

cooling coils and shall be constructed of type 304 stainless steel 

with copper downspouts factory piped to main conden sate pan. Use of 

intermediate condensate drain channel on upper casi ng of lower coil 

is permissible provided it is readily cleanable. De sign of 

intermediate condensate drain shall prevent upper c oil condensate 

from flowing across face of lower coil.  

2. Drain pan shall be piped to the exterior of the unit. Drain pan shall 

be readily cleanable. 

3. Installation, including frame, shall be designed  and sealed to 

prevent blow-by.  

F. Not Used 

G. Not Used 

H. Plenum Fans – Single and/or Multiple Fans in an Array  

1. General: Fans shall be Class II (minimum) constr uction with single 

inlet, aluminum wheel and stamped air-foil aluminum  bladed.  The fan 

wheel shall be mounted on the directly-driven motor  shaft in AMCA 

Arrangement 4.  Fans shall be dynamically balanced and internally 

isolated to minimize the vibrations.  Provide a ste el inlet cone for 

each wheel to match with the fan inlet.  Locate fan  in the air stream 

to assure proper flow.  The fan performance shall b e rated in 

accordance with AMCA 210 or ASHRAE 51. 
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2. Allowable vibration tolerances for fan shall not  exceed a self-

excited vibration maximum velocity of 0.005 m/s (0. 20 inch per 

second) RMS, filter in, when measured with a vibrat ion meter on 

bearing caps of machine in vertical, horizontal and  axial directions. 

After field installation, compliance to this requir ement shall be 

demonstrated with field test in accordance with Sec tion 23 05 41, 

NOISE and VIBRATION CONTROL FOR HVAC PIPING and EQU IPMENT and Section 

23 05 93, TESTING, ADJUSTING, and BALANCING FOR HVA C. The fan wheel 

shall meet or exceed guidelines in AMCA 801-92 for dynamic balancing 

requirements. The complete fan assembly balance sha ll be tested using 

an electronic balance analyzer with a tunable filte r and stroboscope. 

 Vibration measurements shall be taken on each moto r bearing housing 

in the vertical, horizontal, and axial planes (5 to tal measurements, 

2 each motor bearing and 1 axial). 

3. The plenum fans shall be driven by variable spee d drives with at 

least one back-up drive as shown in the design docu ments. Use of a 

drive with bypass is not permitted.  

4. Multiple fans shall be installed in a pre-engine ered structural frame 

to facilitate fan stacking.  All fans shall modulat e in unison, above 

or below the synchronous speed within the limits sp ecified by the 

manufacturer, by a common control sequence.  Stagin g of the fans is 

not permitted.  Redundancy requirement shall be met  by all operating 

fans in an array and without the provision of an id le standby fan. 

5. Fan Accessories 

a. Fan Isolation: Provide an actuator-controlled da mper or an 

automatic back draft damper to isolate the fan not in operation 

due to failure.    

b. Fan Airflow Measurement: Provide an airflow meas uring device 

integral to the fan to measure air volume within +/ - 5 percent 

accuracy.  The probing device shall not be placed i n the airflow 

path to stay clear of turbulence and avoid loss of performance.  

6. Fan Motor, Drive and Mounting Assembly: Fan Moto rs shall be premium 

energy efficient type, as mandated by the Energy Po licy Act of 2005, 

with efficiencies as shown in the Specifications Se ction 23 05 12 

(General Motor Requirements For HVAC and Steam Equi pment), on 

drawings and suitable for use in variable frequency  drive 

applications.  Refer to Section 23 05 11, COMMON WO RK RESULTS FOR 

HVAC, for additional motor and drive specifications . Refer to 

Specification Section 26 29 11, LOW-VOLTAGE MOTOR S TARTERS 

  I. Not Used 
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  J. Not Used 

  K. Not Used 

L. Filter Section: Refer to Section 23 40 00, HVAC AIR CLEANING DEVICES, 

for filter requirements. 

1. Filters including one complete set for temporary  use at site shall be 

provided independent of the RTU. The RTU manufactur er shall install 

filter housings and racks in filter section compati ble with filters 

furnished. The RTU manufacturer shall be responsibl e for furnishing 

temporary filters (pre-filters and after-filters, a s shown on 

drawings) required for RTU testing.  

2. Factory-fabricated filter section shall be of th e same construction 

and finish as the RTU casing including filter racks  and hinged double 

wall access doors. Filter housings shall be constru cted in accordance 

with side service or holding frame housing requirem ents in Section 23 

40 00, HVAC AIR CLEANING DEVICES. 

M. Not Used 

N. Coils: Coils shall be mounted on hot dipped galv anized steel supports to 

assure proper anchoring of coil and future maintena nce. Coils shall be 

face or side removable for future replacement thru the access doors or 

removable panels. Each coil shall be removable with out disturbing 

adjacent coil. Cooling coils shall be designed and installed to ensure 

no condensate carry over. Provide factory installed  extended supply, 

return, drain, and vent piping connections. Refer t o Drawings and 

Section 23 82 16, AIR COILS, for additional coil re quirements. 

1. Water Coils, Including Glycol-Water.  

  2. Not Used 

  3. Not Used  

O. Not Used 

P. Not Used 

Q. Discharge Section: Provide aerodynamically desig ned framed discharge 

openings or spun bellmouth fittings to minimize pre ssure loss. 

R. Electrical and Lighting: Wiring and equipment sp ecifications shall 

conform to Division 26, ELECTRICAL.  

1. Vapor-proof lights using cast aluminum base styl e with glass globe 

and cast aluminum guard shall be installed in acces s sections for 

fan, mixing box, and any section over 300mm (12 inc h) wide. A switch 

shall control the lights in each compartment with p ilot light mounted 

outside the respective compartment access door. Wir ing between 

switches and lights shall be factory installed. All  wiring shall run 

in neatly installed electrical conduits and termina te in a junction 
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box for field connection to the building system. Pr ovide single point 

115 volt - one phase connection at junction box. 

2. Install compatible 100 watt bulb in each light f ixture. 

3. Provide a convenience duplex weatherproof recept acle next to the 

light switch. 

4. Disconnect switch and power wiring: Provide fact ory or field mounted 

disconnect switch. Coordinate with Division 26, ELE CTRICAL. 

PART 3 – EXECUTION 

3.1 INSTALLATION 

A. Install roof top unit in conformance with ARI 43 5. 

B. Assemble roof top unit components following manu facturer's instructions 

for handling, testing and operation. Repair damaged  galvanized areas 

with paint in accordance with Military Spec. DOD-P- 21035A. Repair 

painted units by touch up of all scratches with fin ish paint material. 

Vacuum the interior of air-handling units clean pri or to operation. 

  C. Not Used 

D. Leakage and test requirements for roof top units  shall be the same as 

specified for ductwork in Specification Section 23 31 00, HVAC DUCTS AND 

CASINGS except leakage shall not exceed Leakage Cla ss (C L) 12 listed in 

SMACNA HVAC Air Duct Leakage Test Manual when teste d at 1.5 times the 

design static pressure. Repair casing air leaks tha t can be heard or 

felt during normal operation and to meet test requi rements. 

E. Perform field mechanical (vibration) balancing i n accordance with 

Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT. 

F. Seal and/or fill all openings between the casing  and RTU components and 

utility connections to prevent air leakage or bypas s. 

3.2 STARTUP SERVICES   

A. The air handling unit shall not be operated for any purpose, temporary 

or permanent, until ductwork is clean, filters are in place, bearings 

are lubricated and fan has been test run under obse rvation. 

B. After the air handling unit is installed and tes ted, provide startup and 

operating instructions to VA personnel. 

C. An authorized factory representative should star t up, test and certify 

the final installation and application specific cal ibration of control 

components.  Items to be verified include fan perfo rmance over entire 

operating range, noise and vibration testing, verif ication of proper 

alignment, overall inspection of the installation, Owner/Operator 

training, etc. 
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3.3 COMMISSIONING  

A. Provide commissioning documentation in accordanc e with the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B. Components provided under this section of the sp ecification will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

- - - E N D - - - 
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SECTION 23 81 00 
DECENTRALIZED UNITARY HVAC EQUIPMENT 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

A.  This section specifies split-systems air conditione rs 

B.  Definitions:  

1.  Energy Efficiency Ratio (EER): The ratio of net coo ling capacity is 

Btu/h to total rate of electricity input in watts u nder designated 

operating conditions (Btu hour/Watt). 

2.  Seasonal Energy Efficiency Ratio (EER): The ratio o f the total 

cooling output of an air conditioner during its nor mal annual usage 

period for cooling in Btu/h divided by total electr ic energy input in 

watts during the same period (Btu hour/Watt). 

3.  Unitary: A Unitary Air Conditioner consists of one or more factory-

made assemblies which normally include an evaporato r or cooling coil, 

a compressor and condenser combination, and may inc lude a heating 

function as well.  

4.  Where such equipment is provided in more than one a ssembly the 

separated assemblies are to be designed to be used together and the 

requirements of rating are based upon use of matche d assemblies. 

1.2  RELATED WORK  

A.  Not Used 

B.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC: Gen eral mechanical 

requirements and items, which are common to more th an one section of 

Division 23.  

C.  Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT: Requirements for different types of vibr ation isolators and 

noise ratings in the occupied areas.  

D.  Section 23 07 11, HVAC and BOILER PLANT INSULATION:  Requirements for 

piping insulation.  

E.  Section 23 23 00, REFRIGERANT PIPING: Requirements for refrigerant pipes 

and fittings.  

F.  Section 23 82 00, CONVECTION HEATING and COOLING UN ITS: Requirements for 

other similar units.  

G.  Not Used 

H.  Not Used 

I.  Section 23 40 00, HVAC AIR CLEANING DEVICES: Requir ements for air 

filtration. 
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J.  Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS: R equirements for 

commissioning, systems readiness checklists, and tr aining. 

K.  Not Used 

L.  Section 23 05 93, TESTING, ADJUSTING, and BALANCING  FOR HVAC: 

Requirements for testing and adjusting air balance.   

1.3  QUALITY ASSURANCE  

A.  Refer to specification Section 23 05 11, COMMON WOR K RESULTS FOR HVAC.   

B.  Safety Standards: ASHRAE Standard 15, Safety Code f or Mechanical 

Refrigeration. 

1.4  SUBMITTALS  

A.  Submit in accordance with specification Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, and SAMPLES  

B.  Manufacturer’s literature and data:  

1.  Sufficient information, including capacities, press ure drops and 

piping connections clearly presented, shall be incl uded to determine 

compliance with drawings and specifications for uni ts noted below:  

a.  Unitary air conditioners:  

1.)Not Used. 

2.)Split systems  

3.)Not Used. 

b.  Not Used. 

c.  Not Used. 

d.  Not Used. 

2.  Unit Dimensions required clearances, operating weig hts accessories 

and start-up instructions. 

3.  Electrical requirements, wiring diagrams, interlock ing and control 

wiring showing factory installed and portions to be  field installed. 

4.  Not Used. 

C.  Certification: Submit proof of specified ARI Certif ication.  

D.  Performance Rating:  Submit catalog selection data showing equipment 

ratings and compliance with required sensible-to-he at-ratio, energy 

efficiency ratio (EER), and coefficient of performa nce (COP).  

E.  Operating and Maintenance Manual: Submit three copi es of Operating and 

Maintenance manual to COR three weeks prior to fina l inspection.  

F.  Completed System Readiness Checklists provided by t he Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the requirements 

of Section 23 08 00 COMMISSIONING OF HVAC SYSTEMS. 
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1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B.  Federal Specifications (Fed. Spec.):  

A-A-50502-90............ Air conditioner (Unitary H eat Pump) Air to Air 

(3000-300,000 Btu) 

C.  Military Specifications (Mil. Specs.):  

MIL-PRF-26915D-06.......Primer Coating, for Steel S urfaces 

D.  Air-Conditioning, Heating, and Refrigeration Instit ute (AHRI):  

210/240-08..............Performance Rating of Unita ry Air-Conditioning 

and Air-Source Heat Pump Equipment  

270-08..................Sound Rating of Outdoor Uni tary Equipment 

310/380-04..............Standard for Packaged Termi nal Air-Conditioners 

and Heat Pumps (CSA-C744-04) 

340/360-07..............Performance Rating of Comme rcial and Industrial 

Unitary Air-Conditioning and Heat Pump Equipment  

520-04..................Performance Rating of Posit ive Displacement 

Condensing Units  

E.  Air Movement and Control Association (AMCA):  

210-07..................Laboratory Methods of Testi ng Fans for 

Aerodynamic Performance Rating (ANSI) 

410-96..................Recommended Safety Practice s for Users and 

Installers of Industrial and Commercial Fans 

F.  American National Standards Institute (ANSI):  

S12.51-02(R2007)........Acoustics - Determination o f Sound Power Levels 

of Noise Sources Using Sound Pressure - 

Precision Method for Reverberation Rooms (same 

as ISO 3741:1999) 

G.  American Society of Heating, Refrigerating, and Air -Conditioning 

Engineers (ASHRAE): 

2008 Handbook...........HVAC Systems and Equipment 

15-10...................Safety Standard for Refrige ration Systems (ANSI) 

H.  American Society of Testing and Materials (ASTM): 

B117-09.................Standard Practice for Opera ting Salt Spray (Fog) 

Apparatus 

I.  American Society of Civil Engineers (ASCE) 

ASCE 7-10...............Minimum Design Loads for Bu ildings and Other 

Structures 

J.  National Electrical Manufacturer's Association (NEM A):  
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MG 1-09 (R2010).........Motors and Generators (ANSI ) 

ICS 1-00 (R2005, R2008).Industrial Controls and Sys tems: General 

Requirements 

K.  National Fire Protection Association (NFPA) Publica tions: 

90A-09 ...................Standard for the Installa tion of Air-

Conditioning and Ventilating Systems   

PART 2 -  PRODUCTS  

2.1  UNITARY AIR CONDITIONERS - GENERAL  

A.  Applicable ARI Standards:  

1.  Cooling Capacity 39.6 kW (135,000 Btu/h) and More: AHRI 340/ 360.  

2.  Cooling Capacity Less Than 39.6 kW (135,000 Btu/h):  AHRI 210/240. 

Units shall be listed in the ARI Directory of Certi fied Unitary Air-

Conditioners.  

B.  Performance Rating: Cooling capacity of units shall  meet the sensible 

heat and total heat requirements shown in the contr act documents. In 

selecting unit size, make true allowance for "sensi ble to total heat 

ratio" to satisfy required sensible cooling capacit y. 

C.  Machinery Guards: Provide guards as shown in AMCA 4 10 for belts, chains, 

couplings, pulleys, sheaves, shafts, gears and othe r moving parts 

regardless of height above the floor. Drive guards may be excluded where 

motors and drives are inside factory fabricated cas ings. 

D.  Corrosion Prevention: Unless specified otherwise, e quipment fabricated 

from ferrous metals that do not have a zinc coating  or a duplex coating 

of zinc and paint shall be treated for prevention o f rust with a factory 

coating or paint system that will withstand 125 hou rs in a salt-spray 

fog test, except that equipment located outdoors sh all be tested for 500 

hours. The salt-spray fog test shall be in accordan ce with ASTM B117 

using a 20 percent sodium chloride solution. Immedi ately after 

completion of the test, the coating shall show no s igns of blistering, 

wrinkling or cracking, no loss of adhesion, and the  specimen shall show 

no signs of rust beyond 3 mm (1/8-inch) on both sid es from the scratch 

mark.  

2.2  SELF-CONTAINED AIR CONDITIONERS – NOT USED 

2.3  SPLIT-SYSTEM AIR CONDITIONERS 

A.  Description: Factory assembled and tested, wall-mou nted  or ceiling 

mounted unit, with an air- cooled remote condensing  unit, and field-

installed refrigeration piping.  

B.  Not Used. 

C.  Not Used. 
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D.  Wall-Mounting, Evaporator-Fan Components: 

1.  Cabinet:  Enameled steel with removable panels on f ront and ends in 

color selected by Architect, and discharge drain pa ns with drain 

connection. 

2.  Airstream Surfaces:  Surfaces in contact with the a irstream shall 

comply with requirements in ASHRAE 62.1-2007. 

3.  Drain Pan and Drain Connection:  Comply with ASHRAE  62.1-2007. 

4.  Refrigerant Coil:  Copper tube, with mechanically b onded aluminum 

fins, complying with AHRI 210/240, and with thermal -expansion valve. 

5.  Not Used. 

6.  Fan: Direct drive, centrifugal fan. 

7.  Fan Motors:  Comply with requirements in Section 23  05 12, GENERAL 

MOTOR REQUIREMENTS FOR HVAC and STEAM GENERATION EQUIPMENT for multi-

tapped, multi-speed motors with internal thermal pr otection and 

permanent lubrication. 

8.  Filters: Disposable, with MERV rating of 7 or highe r according to 

ASHRAE 52.2. 

E.  Ceiling-Mounting, Evaporator-Fan Components: 

1.  Cabinet: Enameled steel with removable panels on fr ont and ends in 

color selected by Architect, and discharge drain pa ns with drain 

connection. 

2.  Airstream Surfaces: Surfaces in contact with the ai rstream shall 

comply with requirements in ASHRAE 62.1-2004. 

3.  Drain Pan and Drain Connection:  Comply with ASHRAE  62.1-2007. 

4.  Refrigerant Coil: Copper tube, with mechanically bo nded aluminum 

fins, complying with AHRI 210/240, and with thermal -expansion valve. 

5.  Electric-Resistance Heating Coil: Helical, nickel-c hrome, resistance-

wire heating elements with refractory ceramic suppo rt bushings; 

automatic-reset thermal cutout; built-in magnetic c ontactors; manual-

reset thermal cutout; airflow proving device; and o ne-time fuses in 

terminal box for overcurrent protection. 

6.  Fan:  Direct drive, centrifugal fan, and integral c ondensate pump. 

7.  Fan Motors:  Comply with requirements in Section 23  05 12, GENERAL 

MOTOR REQUIREMENTS FOR HVAC and STEAM GENERATION EQUIPMENT for multi-

tapped, multi-speed motors with internal thermal pr otection and 

permanent lubrication. 

8.  Filters: Disposable, with MERV rating of 7 or highe r according to 

ASHRAE 52.2. 

F.  Air-Cooled, Compressor-Condenser Components: 
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1.  Casing:  Steel, finished with baked enamel in color  selected by 

Architect, with removable panels for access to cont rols, weep holes 

for water drainage, and mounting holes in base.  Se rvice valves, 

fittings, and gage ports shall be brass and located  outside of the 

casing. 

2.  Compressor:  Hermetically sealed scroll with crankc ase heater and 

mounted on vibration isolation.  Compressor motor s hall have thermal- 

and current-sensitive overload devices, start capac itor, relay, and 

contactor. 

3.  Compressor motor with manual-reset, high-pressure s witch and 

automatic-reset, low-pressure switch. 

4.  Refrigerant: R-410A  unless otherwise indicated. 

5.  Refrigerant Coil:  Copper tube, with mechanically b onded aluminum 

fins, complying with AHRI 210/240, and with liquid subcooler. 

6.  Fan:  Aluminum, propeller type, directly connected to motor. 

7.  Motor:  Permanently lubricated, with integral therm al-overload 

protection. 

8.  Low Ambient Kit:  Permit operation down to minus 18  deg C (0 deg F). 

9.  Mounting Base:  Concrete. 

10.Minimum Energy Efficiency:  Comply with ASHRAE/I ESNA 90.1-2004, 

"Energy Standard for Buildings except Low-Rise Resi dential 

Buildings." 

G.  Not Used. 

2.4  ROOFTOP AIR CONDITIONERS – NOT USED 

2.5  ROOM-TYPE AIR CONDITIONERS – NOT USED 

2.6  PACKAGED TERMINAL AIR CONDITIONERS – NOT USED 

2.7  GAS-FIRED FURNACES – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  Not Used. 

B.  Not Used. 

C.  Not Used. 

D.  Install units level and plumb maintaining manufactu rer’s recommended 

clearances and tolerances. 

E.  Not Used. 

F.  Not Used. 

G.  Install ground-mounting, compressor-condenser compo nents on 100 mm    

(4-inch) thick, reinforced concrete base; 100 mm (4  inches) larger on 

each side than unit.  Concrete, reinforcement, and formwork are 
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specified in Section 03 30 00, CAST-IN-PLACE CONCRE TE. Coordinate anchor 

installation with concrete base. 

H.  Not Used. 

I.  Not Used. 

J.  Not Used. 

K.  Install compressor-condenser components on restrain ed, spring isolators 

with a minimum static deflection of 25 mm (1 inch) unless otherwise 

indicated.  Refer to Section 23 05 41, NOISE and VI BRATION CONTROL FOR 

HVAC PIPING and EQUIPMENT. 

L.  Install and connect precharged refrigerant tubing t o component's quick-

connect fittings.  Install tubing to allow access t o unit. 

M.  Install wall sleeves in finished wall assembly and weatherproof.  

Install and anchor wall sleeves to withstand, witho ut damage seismic 

forces as required by code. 

3.2  CONNECTIONS 

A.  Verify condensate drainage requirements. 

B.  Install condensate drain, minimum connection size, with trap and 

indirect connection to nearest roof drain or area d rain. 

C.  Install piping adjacent to units to allow service a nd maintenance. 

D.  Not Used. 

E.  Not Used. 

F.  Not Used. 

G.  Not Used. 

H.  Not Used. 

I.  Ground equipment and install power wiring, switches , and controls for 

self contained and split systems. 

J.  Connect refrigerant piping to coils with shutoff va lves on the suction 

and liquid lines at the coil and a union or flange at each connection at 

the coil and condenser. 

K.  Not Used. 

L.  Not Used. 

M.  Not Used. 

N.  Not Used. 

3.3  FIELD QUALITY CONTROL 

A.  Perform tests and inspections and prepare test repo rts. 

B.  Tests and Inspections: After installing units and a fter electrical 

circuitry has been energized, test units for compli ance with 

requirements. Inspect for and remove shipping bolts , blocks, and tie-

down straps. After electrical circuitry has been en ergized, start units 

to confirm proper motor rotation and unit operation .  Test and adjust 
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controls and safeties.  Replace damaged and malfunc tioning controls and 

equipment. Remove and replace malfunctioning units and retest as 

specified above. 

3.4  INSTRUCTIONS 

Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

3.5  STARTUP AND TESTING  

The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the COR and Commissioning Agent. Pro vide a minimum of 7 

days prior notice. 

3.6  COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

3.7  DEMONSTRATION AND TRAINING  

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00 – COMMISSIONIN G OF HVAC SYSTEMS. 

 

---END--- 
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SECTION 23 82 00 
CONVECTION HEATING AND COOLING UNITS 

PART 1 -  GENERAL  

1.1  DESCRIPTION  

Fan-coil units and unit heaters and cabinet unit he aters. 

1.2  RELATED WORK 

A.  Not Used 

B.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC: Gen eral mechanical 

requirements and items, which are common to more th an one section of 

Division 23. 

C.  Section 23 05 41, NOISE and VIBRATION CONTROL FOR H VAC PIPING and 

EQUIPMENT: Noise requirements. 

D.  Section 23 21 13, HYDRONIC PIPING: Heating hot wate r and chilled water 

piping. 

E.  Section 23 31 00, HVAC DUCTS and CASINGS: Ducts and  flexible 

connectors. 

F.  Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC: Valve 

operators. 

G.  Section 23 05 93, TESTING, ADJUSTING, and BALANCING  FOR HVAC: Flow 

rates adjusting and balancing. 

H.  Section 23 82 16, AIR COILS: Additional coil requir ements. 

I.  Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS: R equirements for 

commissioning, systems readiness checklists, and tr aining. 

J.  Section 01 91 00 – GENERAL COMMISSIONING REQUIREMEN TS    

1.3  QUALITY ASSURANCE  

Refer to Paragraph, QUALITY ASSURANCE, in Section 2 3 05 11, COMMON WORK 

RESULTS FOR HVAC.  

1.4  SUBMITTALS  

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, and SAMPLES. 

B.  Manufacturer's Literature and Data:  

1.  Not Used  

2.  Fan-Coil units.  

3.  Not Used   

4.  Cabinet unit heaters.  

5.  Not Used  

6.  Not Used   
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7.  Not Used  

C.  Certificates:  

1.  Compliance with paragraph, QUALITY ASSURANCE.  

2.  Compliance with specified standards.  

D.  Operation and Maintenance Manuals: Submit in accord ance with paragraph, 

INSTRUCTIONS, in Section 01 00 00, GENERAL REQUIREM ENTS. 

E.  Completed System Readiness Checklists provided by t he Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00 COMMISSIONING OF H VAC SYSTEMS. 

1.5  APPLICABLE PUBLICATIONS  

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.   

B.  American National Standards Institute / Air Conditi oning, Heating and 

Refrigeration Institute (ANSI/AHRI):  

440-08..................Performance Rating of Room Fan Coils  

National Fire Protection Association (NFPA): 

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems 

70-11...................National Electrical Code  

C.  Underwriters Laboratories, Inc. (UL):  

181-08..................Standard for Factory-Made A ir Ducts and Air 

Connectors  

1995-05.................Heating and Cooling Equipme nt  

1.6  GUARANTY  

 In accordance with FAR clause 52.246-21  

PART 2 -  PRODUCTS  

2.1  INDUCTION UNITS – NOT USED  

2.2  ROOM FAN-COIL UNITS  

A.  Capacity Certification: AHRI 440.  

B.  Safety Compliance: NEC compliant and UL listed. 

C.  Noise Levels: Operating at full cooling capacity, s ound power level 

shall not exceed by more than 5 dB the numerical va lue of sound 

pressure levels associated with noise criteria.   S elect units at 

intermediate speed, for compliance with the noise c riteria.   



04-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
VA Project #438-18-102 

 

23 82 00 - 3 

D.  Chassis: Galvanized steel, acoustically and thermal ly insulated to 

attenuate noise and prevent condensation.  

E.  Cabinet: Minimum 1.3 mm (l8 gage) steel reinforced and braced. Arrange 

components and provide adequate space for installat ion of piping 

package and control valves. Finish shall be factory -baked enamel, color 

as selected by the architect.  

1.  Vertical Exposed Cabinet Unit: Provide 1.6 mm (l6 g age) steel front 

panel with 13 mm (l/2-inch) thick fiberglass insula tion and provide 

screw-type levelers.  Provide low-silhouette type w here shown. 

a.  Air outlet grilles: Adjustable four-way air deflect ion located in 

the top panel. 

b.  Provide two hinged access doors (one each side) equ ipped with key 

operated cam-lock fasteners in the unit top panel l ocated to 

provide access to the unit controls.  

2.  Horizontal Unit: Provide Recessed type as shown. Pr ovide supports 

and vibration isolators for horizontal units as rec ommended by the 

manufacturer.   

a.  Not Used  

b.  Recessed Units: Provide hinged access door with sta mped integral 

air inlet grille and outlet grille. 

c.  Not Used  

F.  Fans: Centrifugal, forward curved, double width typ e wheels, galvanized 

steel or polyester resin construction, statically a nd dynamically 

balanced, direct driven. 

1.  Motors: Premium efficiency, 3-speed permanent split  capacitor type 

with integral thermal overload protection, for oper ation at not more 

than l200 RPM.  

2.  Provide a fan speed selector switch, with off, low,  medium, and high 

positions.  Switch shall have a set of auxiliary co ntacts which are 

open when the switch is in the "off" position and c losed when the 

switch in any of the other positions. On vertical u nits, mount 

switch in a junction box in the cabinet of each uni t.  On ceiling-

suspended horizontal and concealed units, switch sh all be wall 

mounted. 

G.  Cooling and Heating Coils:  

1.  Hydronic (two separate coils for cooling and heatin g): Copper tubes, 

10 mm (three-eighths inch) minimum inside diameter,  not less than 
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4.3 mm (0.0l7 inch) thick with copper or aluminum f ins.  Coils shall 

be pressure tested for bursting and strength in acc ordance with 

Underwriters Laboratories, Inc., requirements for p ressure tested 

coils, and shall be designed to provide adequate he at transfer 

capacity. Provide manual air vent at high point of each coil and 

drain at each low point.  

2.  Not Used  

3.  Not Used  

H.  Piping Package: Factory furnished with unit by the manufacturer or 

field-installed by the contractor to fit control va lves provided by the 

controls supplier. Submit manufacturer's detailed d rawings of the 

piping in the end compartments for approval prior t o fabrication of the 

piping packages. Provide ball stop valves on the su pply and return 

pipes and balancing fittings on the return pipes. 

I.  Drain pans: Furnish stainless steel with solderless  drain connections 

and molded polystyrene foam insulating liner: 

1.  Auxiliary drain pan: Located under control valve an d piping within 

the unit enclosure to prevent dripping. 

2.  Not Used    

J.  Air Filter: Manufacturer's standard throwaway type,  not less than 25 mm 

(1 inch) thick, MERV 7, supported to be concealed f rom sight and be 

tight fitting to prevent air by-pass. Filters shall  have slide out 

frames and be easily replaced without removing encl osure or any part 

thereof.  

K.  Control valves and remote wall mounted space thermo stats where shown or 

specified are to be field installed.  Provide two-w ay modulating 

control valves unless shown or specified otherwise.    

2.3  UNIT HEATERS  

A.  General: Horizontal or vertical discharge type for hot water as 

indicated.  

B.  Casing: Steel sheet, phosphatized to resist rust an d finished in baked 

enamel. Provide hanger supports.  

C.  Fan: Propeller type, direct driven by manufacturer' s standard electric 

motor. Provide resilient mounting. Provide fan guar d for horizontal 

discharge units.  

D.  Discharge Air Control: 

1.  Horizontal discharge: Horizontal, adjustable louver s.  
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2.  Vertical discharge: Radial louver diffuser.       

E.  Hot Water Coil: Aluminum fins bonded to seamless co pper tubing by 

mechanical expansion of the tubing, designed for 51 7 kPa (75 psig) 

steam working pressure.   

1.  Not Used    

F.  Not Used  

G.  Controls: Provide field installed remote wall mount ed line voltage 

electric space thermostats or unit mounted return a ir thermostats, 

where shown or specified to control the unit fan. P rovide an aquastat 

on hot water units to prevent fan operation when th e heating system is 

off.      

2.4  CABINET UNIT HEATERS  

A.  General: Vertical or horizontal type for electric h eating medium, as 

indicated.  

B.  Cabinet: Not less than 1.3 mm (l8 gage) steel with front panel for 

vertical units and hinged front panel for horizonta l units. Finish on 

exposed cabinet shall be factory-baked enamel in ma nufacturer's 

standard color as selected by the Architect. Provid e 76 mm (3-inch) 

high sub-base for vertical floor mounted units.  

C.  Fan: Centrifugal blower, direct driven by a single phase, two-speed, 

electric motor with inherent overload protection. P rovide resilient 

motor/fan mount.  

D.  Filter: Manufacturer's standard, one inch thick, th rowaway type MERV 7 

filters.       

E.  Not Used  

F.  Electric Coil: Spiral sheath or finned-tube constru ction with Cal-rod 

resistance elements in aluminum tubes. Units shall be UL listed and 

factory wired with unit mounted heat switch, magnet ic contactors, high 

temperature cutout safety control, and fan override  thermostat.  

G.  Factory Mounted Controls: Manual fan starter and th ree-position (low, 

high and off) fan speed switch.  Provide field inst alled remote wall 

mounted line voltage electric space thermostats.  

2.5  WALL-MOUNTED UNIT HEATER – NOT USED  

2.6  CONVECTORS – NOT USED 

2.7  FINNED-TUBE RADIATION – NOT USED  

2.8  RADIANT CEILING PANELS - NOT USED 
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PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Work shall be installed as shown and according to t he manufacturer’s 

diagrams and recommendations. 

B.  Handle and install units in accordance with manufac turer's written 

instructions.  

C.  Support units rigidly so they remain stationary at all times. 

Cross-bracing or other means of stiffening shall be  provided as 

necessary. Method of support shall be such that dis tortion and 

malfunction of units cannot occur. 

D.  Not Used 

3.2  OPERATIONAL TEST  

 Refer to Section 23 05 11, COMMON WORK RESULTS FOR  HVAC. 

3.3  STARTUP AND TESTING  

A.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the COR and Commissioning Agent. Pro vide a minimum of 7 

days prior notice. 

3.4  COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

3.5  DEMONSTRATION AND TRAINING  

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00 – COMMISSIONIN G OF HVAC SYSTEMS. 

 

- - - E N D - - - 
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SECTION 23 82 16 
AIR COILS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

 Heating and cooling coils for air handling unit an d duct applications 

1.2  RELATED WORK 

A.  Not Used 

B.  Section 23 05 11, COMMON WORK RESULTS FOR HVAC. 

C.  Section 23 31 00, HVAC DUCTS AND CASINGS 

D.  Not Used 

E.  Not Used 

F.  Not Used 

G.  Section 23 82 00, CONVECTION HEATING AND COOLING UN ITS 

H.  Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS: Re quirements for 

commissioning, systems readiness checklists, and tr aining. 

I.  Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S   

1.3  QUALITY ASSURANCE  

A.  Refer to paragraph, QUALITY ASSURANCE, Section 23 0 5 11, COMMON WORK 

RESULTS FOR HVAC. 

B.  Unless specifically exempted by these specification s, heating and 

cooling coils shall be tested, rated, and certified  in accordance with 

AHRI Standard 4l0 and shall bear the AHRI certification label. 

1.4  SUBMITTALS 

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT DATA, 

and SAMPLES. 

B.  Manufacturer's Literature and Data for Heating and Cooling Coils: Submit 

type, size, arrangements and performance details. P resent application 

ratings in the form of tables, charts or curves. 

C.  Provide installation, operating and maintenance ins tructions. 

D.  Certification Compliance: Evidence of listing in cu rrent ARI Directory 

of Certified Applied Air Conditioning Products. 

E.  Coils may be submitted with Section 23 82 00, CONVE CTION HEATING AND 

COOLING UNITS. 

F.  Completed System Readiness Checklists provided by t he Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the requirements 

of Section 23 08 00 COMMISSIONING OF HVAC SYSTEMS. 
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1.5  APPLICABLE PUBLICATIONS 

A.  The publications listed below form a part of this s pecification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B.  Air Conditioning and Refrigeration Institute (AHRI) : 

 Directory of Certified Applied Air Conditioning Pr oducts 

AHRI 4l0-01.............Forced-Circulation Air-Cool ing and Air-Heating 

Coils 

C.  American Society for Testing and Materials (ASTM): 

B75/75M-02..............Standard Specifications for  Seamless Copper Tube  

D.  National Fire Protection Association (NFPA): 

70-11...................National Electric Code 

E.  National Electric Manufacturers Association (NEMA):  

250-11..................Enclosures for Electrical E quipment (1,000 Volts 

Maximum) 

F.  Underwriters Laboratories, Inc. (UL): 

1996-09.................Electric Duct Heaters 

PART 2 -  PRODUCTS 

2.1  HEATING AND COOLING COILS 

A.  Conform to ASTM B75 and AHRI 410. 

B.  Not Used 

C.  Not Used 

D.  Tubes: Minimum 16 mm (0.625 inch) tube diameter; Se amless copper tubing. 

E.  Fins: 0.1397 mm (0.0055 inch) aluminum or 0.1143 mm  (0.0045 inch) copper 

mechanically bonded or soldered or helically wound around tubing.  

F.  Headers: Copper, welded steel or cast iron.  

G.  "U" Bends, Where Used: Machine die-formed, silver b razed to tube ends. 

H.  Coil Casing: 1.6 mm (l6 gage) galvanized steel with  tube supports at 

1200 mm (48 inch) maximum spacing. Construct casing  to eliminate air 

bypass and moisture carry-over. Provide duct connec tion flanges. 

I.  Pressures kPa (PSIG): 

Pressure Water Coil  Refrigerant Coil 

Test 2070 (300)  2070 (300) 

Working 1380 (200)  1725 (250) 

 
J.  Protection: Unless protected by the coil casing, pr ovide cardboard, 

plywood, or plastic material at the factory to prot ect tube and finned 

surfaces during shipping and construction activitie s. 
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K.  Vents and Drain: Coils that are not vented or drain able by the piping 

system shall have capped vent/drain connections ext ended through coil 

casing. 

L.  Not Used 

M.  Not Used 

N.  Not Used 

O.  Dampers: Interlocking opposed blades to completely isolate coil from air 

flow when unit is in bypass position; 1.6 mm (l6 ga ge) steel, coated 

with factory applied corrosion resistant baked enam el finish. Provide 

damper linkage and electric operators.  Damper oper ators shall be of 

same manufacturer as controls furnished under Secti on 23 09 23, DIRECT-

DIGITAL CONTROL SYSTEM FOR HVAC.  

2.2  REHEAT COILS, DUCT MOUNTED 

The coils shall be continuous circuit booster type for steam or hot 

water as shown on drawings.  Use the same coil mate rial as listed in 

Paragraphs 2.1.   

2.3  WATER COILS, INCLUDING GLYCOL-WATER 

A.  Use the same coil material as listed in Paragraphs 2.1.   

B.  Drainable Type (Self Draining, Self Venting); Manuf acturer standard: 

1.  Cooling, all types. 

2.  Heating or preheat. 

3.  Runaround energy recovery. ARI certification of cap acity adjustment 

is waived. See Section 23 72 00, AIR-TO-AIR ENERGY RECOVERY 

EQUIPMENT. 

C.  Cleanable Tube Type; manufacturer standard: 

1.  Well water applications. 

2.  Waste water applications. 

2.4  VOLATILE REFRIGERANT COILS 

A.  Continuous circuit, straight tubes, dry expansion t ype equipped with 

multi-port distribution header, less expansion valv e. 

B.  Minimum 16 mm (5/8-inch) tube diameter. 

C.  Designed for R22 or other EPA approved refrigerants . 

2.5  ELECTRIC HEATING COILS – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  Follow coil manufacturer's instructions for handlin g, cleaning, 

installation and piping connections. 

B.  Comb fins, if damaged. Eliminate air bypass or leak age at coil sections. 
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3.2  STARTUP AND TESTING  

A.  The Commissioning Agent will observe startup and co ntractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the COR and Commissioning Agent. Pro vide a minimum of 7 

days prior notice. 

3.3  COMMISSIONING  

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 23 08 00 – COMMISSIONING OF HVAC SYSTEMS  for all inspection, 

start up, and contractor testing required above and  required by the 

System Readiness Checklist provided by the Commissi oning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system. Refer to Section  23 08 00 – 

COMMISSIONING OF HVAC SYSTEMS and related sections for contractor 

responsibilities for system commissioning. 

3.4  DEMONSTRATION AND TRAINING  

A.  Provide services of manufacturer’s technical repres entative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

B.  Submit training plans and instructor qualifications  in accordance with 

the requirements of Section 23 08 00 – COMMISSIONIN G OF HVAC SYSTEMS. 

- - - E N D - - - 
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SECTION 26 05 11 
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS  

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section applies to all sections of Division 26 . 

B.  Furnish and install electrical systems, materials, equipment, and 

accessories in accordance with the specifications a nd drawings.  

Capacities and ratings of motors, conductors and ca ble, panelboards and 

other items and arrangements for the specified item s are shown on the 

drawings. 

C.  Not Used 

D.  Conductor ampacities specified or shown on the draw ings are based on 

copper conductors, with the conduit and raceways si zed per NEC. 

Aluminum conductors are prohibited. 

1.2  MINIMUM REQUIREMENTS 

A.  The latest International Building Code (IBC), Under writers 

Laboratories, Inc. (UL), Institute of Electrical an d Electronics 

Engineers (IEEE), and National Fire Protection Asso ciation (NFPA) codes 

and standards are the minimum requirements for mate rials and 

installation. 

B.  The drawings and specifications shall govern in tho se instances where 

requirements are greater than those stated in the a bove codes and 

standards. 

1.3  TEST STANDARDS 

A.  All materials and equipment shall be listed, labele d, or certified by a 

Nationally Recognized Testing Laboratory (NRTL) to meet Underwriters 

Laboratories, Inc. (UL), standards where test stand ards have been 

established. Materials and equipment which are not covered by UL 

standards will be accepted, providing that material s and equipment are 

listed, labeled, certified or otherwise determined to meet the safety 

requirements of a NRTL. Materials and equipment whi ch no NRTL accepts, 

certifies, lists, labels, or determines to be safe,  will be considered 

if inspected or tested in accordance with national industrial 

standards, such as ANSI, NEMA, and NETA. Evidence o f compliance shall 

include certified test reports and definitive shop drawings. 
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B.  Definitions: 

1.  Listed: Materials and equipment included in a list published by an 

organization that is acceptable to the Authority Ha ving Jurisdiction 

and concerned with evaluation of products or servic es, that 

maintains periodic inspection of production or list ed materials and 

equipment or periodic evaluation of services, and w hose listing 

states that the materials and equipment either meet s appropriate 

designated standards or has been tested and found s uitable for a 

specified purpose. 

2.  Labeled: Materials and equipment to which has been attached a label, 

symbol, or other identifying mark of an organizatio n that is 

acceptable to the Authority Having Jurisdiction and  concerned with 

product evaluation, that maintains periodic inspect ion of production 

of labeled materials and equipment, and by whose la beling the 

manufacturer indicates compliance with appropriate standards or 

performance in a specified manner. 

3.  Certified: Materials and equipment which: 

a.  Have been tested and found by a NRTL to meet nation ally 

recognized standards or to be safe for use in a spe cified manner. 

b.  Are periodically inspected by a NRTL. 

c.  Bear a label, tag, or other record of certification . 

4.  Nationally Recognized Testing Laboratory: Testing l aboratory which 

is recognized and approved by the Secretary of Labo r in accordance 

with OSHA regulations. 

1.4  QUALIFICATIONS (PRODUCTS AND SERVICES)  

A.  Manufacturer’s Qualifications: The manufacturer sha ll regularly and 

currently produce, as one of the manufacturer's pri ncipal products, the 

materials and equipment specified for this project,  and shall have 

manufactured the materials and equipment for at lea st three years. 

B.  Product Qualification: 

1.  Manufacturer's materials and equipment shall have b een in 

satisfactory operation, on three installations of s imilar size and 

type as this project, for at least three years. 

2.  The Government reserves the right to require the Co ntractor to 

submit a list of installations where the materials and equipment 

have been in operation before approval. 
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C.  Service Qualifications: There shall be a permanent service organization 

maintained or trained by the manufacturer which wil l render 

satisfactory service to this installation within ei ght hours of receipt 

of notification that service is needed. Submit name  and address of 

service organizations. 

1.5  APPLICABLE PUBLICATIONS 

A.  Applicable publications listed in all Sections of D ivision 26 shall be 

the latest issue, unless otherwise noted. 

B.  Products specified in all sections of Division 26 s hall comply with the 

applicable publications listed in each section. 

1.6  MANUFACTURED PRODUCTS 

A.  Materials and equipment furnished shall be of curre nt production by 

manufacturers regularly engaged in the manufacture of such items, and 

for which replacement parts shall be available.  Ma terials and 

equipment furnished shall be new and shall have sup erior quality and 

freshness. 

B.  When more than one unit of the same class or type o f materials and 

equipment is required, such units shall be the prod uct of a single 

manufacturer. 

C.  Equipment Assemblies and Components: 

1.  Components of an assembled unit need not be product s of the same 

manufacturer. 

2.  Manufacturers of equipment assemblies, which includ e components made 

by others, shall assume complete responsibility for  the final 

assembled unit. 

3.  Components shall be compatible with each other and with the total 

assembly for the intended service. 

4.  Constituent parts which are similar shall be the pr oduct of a single 

manufacturer. 

D.  Factory wiring and terminals shall be identified on  the equipment being 

furnished and on all wiring diagrams. 

E.  When Factory Tests are specified, Factory Tests sha ll be performed in 

the factory by the equipment manufacturer and witne ssed by the 

contractor.  In addition, the following requirement s shall be complied 

with: 
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1.  The Government shall have the option of witnessing factory tests. 

The Contractor shall notify the Government through the COR a minimum 

of thirty (30) days prior to the manufacturer’s per forming of the 

factory tests. 

2.  When factory tests are successful, contractor shall  furnish four (4) 

copies of the equipment manufacturer’s certified te st reports to the 

COR fourteen (14) days prior to shipment of the equ ipment, and not 

more than ninety (90) days after completion of the factory tests. 

3.  When factory tests are not successful, factory test s shall be 

repeated in the factory by the equipment manufactur er and witnessed 

by the Contractor.  The Contractor shall be liable for all 

additional expenses for the Government to witness f actory re-

testing. 

1.7  VARIATIONS FROM CONTRACT REQUIREMENTS 

A.  Where the Government or the Contractor requests var iations from the 

contract requirements, the connecting work and rela ted components shall 

include, but not be limited to additions or changes  to branch circuits, 

circuit protective devices, conduits, wire, feeders , controls, panels 

and installation methods. 

1.8  MATERIALS AND EQUIPMENT PROTECTION 

A.  Materials and equipment shall be protected during s hipment and storage 

against physical damage, vermin, dirt, corrosive su bstances, fumes, 

moisture, cold and rain. 

1.  Store materials and equipment indoors in clean dry space with 

uniform temperature to prevent condensation.   

2.  During installation, equipment shall be protected a gainst entry of 

foreign matter, and be vacuum-cleaned both inside a nd outside before 

testing and operating.  Compressed air shall not be  used to clean 

equipment.  Remove loose packing and flammable mate rials from inside 

equipment. 

3.  Damaged equipment shall be repaired or replaced, as  determined by 

the COR. 

4.  Painted surfaces shall be protected with factory in stalled removable 

heavy kraft paper, sheet vinyl or equal. 

5.  Damaged paint on equipment shall be refinished with  the same quality 

of paint and workmanship as used by the manufacture r so repaired 

areas are not obvious. 
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1.9  WORK PERFORMANCE 

A.  All electrical work shall comply with requirements of the latest NFPA 

70 (NEC), NFPA 70B, NFPA 70E, NFPA 99, NFPA 110, OS HA Part 1910 subpart 

J – General Environmental Controls, OSHA Part 1910 subpart K – Medical 

and First Aid, and OSHA Part 1910 subpart S – Elect rical, in addition 

to other references required by contract. 

B.  Job site safety and worker safety is the responsibi lity of the 

Contractor. 

C.  Electrical work shall be accomplished with all affe cted circuits or 

equipment de-energized. However, energized electric al work may be 

performed only for the non-destructive and non-inva sive diagnostic 

testing(s), or when scheduled outage poses an immin ent hazard to 

patient care, safety, or physical security. In such  case, all aspects 

of energized electrical work, such as the availabil ity of 

appropriate/correct personal protective equipment ( PPE) and the use of 

PPE, shall comply with the latest NFPA 70E, as well  as the following 

requirements: 

1.  Only Qualified Person(s) shall perform energized el ectrical work. 

Supervisor of Qualified Person(s) shall witness the  work of its 

entirety to ensure compliance with safety requireme nts and approved 

work plan. 

2.  At least two weeks before initiating any energized electrical work, 

the Contractor and the Qualified Person(s) who is d esignated to 

perform the work shall visually inspect, verify and  confirm that the 

work area and electrical equipment can safely accom modate the work 

involved. 

3.  At least two weeks before initiating any energized electrical work, 

the Contractor shall develop and submit a job speci fic work plan and 

energized electrical work request to the COR, and M edical Center’s 

Chief Engineer or his/her designee. At the minimum,  the work plan 

must include relevant information such as proposed work schedule, 

area of work, description of work, name(s) of Super visor and 

Qualified Person(s) performing the work, equipment to be used, 

procedures to be used on and near the live electric al equipment, 

barriers to be installed, safety equipment to be us ed, and exit 

pathways. 
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4.  Energized electrical work shall begin only after th e Contractor has 

obtained written approval of the work plan, and the  energized 

electrical work request from the COR, and Medical C enter’s Chief 

Engineer or his/her designee. The Contractor shall make these 

approved documents present and available at the tim e and place of 

energized electrical work. 

5.  Energized electrical work shall begin only after th e Contractor has 

invited and received acknowledgment from the COR, a nd Medical 

Center’s Chief Engineer or his/her designee to witn ess the work. 

D.  For work that affects existing electrical systems, arrange, phase and 

perform work to assure minimal interference with no rmal functioning of 

the facility. Refer to Article OPERATIONS AND STORA GE AREAS under 

Section 01 00 00, GENERAL REQUIREMENTS. 

E.  New work shall be installed and connected to existi ng work neatly, 

safely and professionally. Disturbed or damaged wor k shall be replaced 

or repaired to its prior conditions, as required by  Section 01 00 00, 

GENERAL REQUIREMENTS. 

F.  Coordinate location of equipment and conduit with o ther trades to 

minimize interference. 

1.10  EQUIPMENT INSTALLATION AND REQUIREMENTS 

A.  Equipment location shall be as close as practical t o locations shown on 

the drawings. 

B.  Working clearances shall not be less than specified  in the NEC. 

C.  Inaccessible Equipment: 

1.  Where the Government determines that the Contractor  has installed 

equipment not readily accessible for operation and maintenance, the 

equipment shall be removed and reinstalled as direc ted at no 

additional cost to the Government. 

2.  "Readily accessible” is defined as being capable of  being reached 

quickly for operation, maintenance, or inspections without the use 

of ladders, or without climbing or crawling under o r over obstacles 

such as, but not limited to, motors, pumps, belt gu ards, 

transformers, piping, ductwork, conduit and raceway s. 

D.  Not Used 

1.11  EQUIPMENT IDENTIFICATION 

A.  In addition to the requirements of the NEC, install  an identification 

sign which clearly indicates information required f or use and 
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maintenance of items such as panelboards, cabinets,  motor controllers, 

fused and non-fused safety switches, separately enc losed circuit 

breakers, control devices and other significant equ ipment. 

B.  Identification signs for Normal Power System equipm ent shall be 

laminated black phenolic resin with a white core wi th engraved 

lettering.  Identification signs for Essential Elec trical System (EES) 

equipment, as defined in the NEC, shall be laminate d red phenolic resin 

with a white core with engraved lettering. Letterin g shall be a minimum 

of 12 mm (1/2 inch) high. Identification signs shal l indicate equipment 

designation, rated bus amperage, voltage, number of  phases, number of 

wires, and type of EES power branch as applicable.  Secure nameplates 

with screws. 

C.  Install adhesive arc flash warning labels on all eq uipment as required 

by the latest NFPA 70E.  Label shall show specific and correct 

information for specific equipment based on its arc  flash calculations. 

Label shall show the followings: 

1.  Nominal system voltage. 

2.  Equipment/bus name, date prepared, and manufacturer  name and 

address. 

3.  Arc flash boundary. 

4.  Available arc flash incident energy and the corresp onding working 

distance. 

5.  Minimum arc rating of clothing. 

6.  Site-specific level of PPE. 

D.  Service equipment shall be labeled with the type an d location of all 

on-site emergency power sources. 

E.  Label each transformer with the location of the tra nsformer 

disconnecting means. 

1.12  SUBMITTALS 

A.  Submit to the COR in accordance with Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, AND SAMPLES.  

B.  The Government's approval shall be obtained for all  materials and 

equipment before delivery to the job site.  Deliver y, storage or 

installation of materials and equipment which has n ot had prior 

approval will not be permitted. 

C.  All submittals shall include six copies of adequate  descriptive 

literature, catalog cuts, shop drawings, test repor ts, certifications, 
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samples, and other data necessary for the Governmen t to ascertain that 

the proposed materials and equipment comply with dr awing and 

specification requirements.  Catalog cuts submitted  for approval shall 

be legible and clearly identify specific materials and equipment being 

submitted. 

D.  Submittals for individual systems and equipment ass emblies which 

consist of more than one item or component shall be  made for the system 

or assembly as a whole.  Partial submittals will no t be considered for 

approval. 

1.  Mark the submittals, "SUBMITTED UNDER SECTION______ ____________". 

2.  Submittals shall be marked to show specification re ference including 

the section and paragraph numbers. 

3.  Submit each section separately. 

E.  The submittals shall include the following: 

1.  Information that confirms compliance with contract requirements. 

Include the manufacturer's name, model or catalog n umbers, catalog 

information, technical data sheets, shop drawings, manuals, 

pictures, nameplate data, and test reports as requi red. 

2.  Not Used 

3.  Elementary and interconnection wiring diagrams for communication and 

signal systems, control systems, and equipment asse mblies. All 

terminal points and wiring shall be identified on w iring diagrams. 

4.  Parts list which shall include information for repl acement parts and 

ordering instructions, as recommended by the equipm ent manufacturer. 

F.  Maintenance and Operation Manuals:  

1.  Submit as required for systems and equipment specif ied in the 

technical sections. Furnish in hardcover binders or  an approved 

equivalent. 

2.  Inscribe the following identification on the cover:  the words 

"MAINTENANCE AND OPERATION MANUAL," the name and lo cation of the 

system, material, equipment, building, name of Cont ractor, and 

contract name and number. Include in the manual the  names, 

addresses, and telephone numbers of each subcontrac tor installing 

the system or equipment and the local representativ es for the 

material or equipment. 

3.  Provide a table of contents and assemble the manual  to conform to 

the table of contents, with tab sheets placed befor e instructions 
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covering the subject. The instructions shall be leg ible and easily 

read, with large sheets of drawings folded in. 

4.  The manuals shall include: 

a.  Internal and interconnecting wiring and control dia grams with 

data to explain detailed operation and control of t he equipment. 

b.  A control sequence describing start-up, operation, and shutdown. 

c.  Description of the function of each principal item of equipment. 

d.  Installation instructions. 

e.  Safety precautions for operation and maintenance. 

f.  Diagrams and illustrations. 

g.  Periodic maintenance and testing procedures and fre quencies, 

including replacement parts numbers. 

h.  Performance data. 

i.  Pictorial "exploded" parts list with part numbers. Emphasis shall 

be placed on the use of special tools and instrumen ts.  The list 

shall indicate sources of supply, recommended spare  and 

replacement parts, and name of servicing organizati on. 

j.  List of factory approved or qualified permanent ser vicing 

organizations for equipment repair and periodic tes ting and 

maintenance, including addresses and factory certif ication 

qualifications. 

G.  Approvals will be based on complete submission of s hop drawings, 

manuals, test reports, certifications, and samples as applicable. 

H.  After approval and prior to installation, furnish t he COR with one 

sample of each of the following: 

1.  A minimum 300 mm (12 inches) length of each type an d size of wire 

and cable along with the tag from the coils or reel s from which the 

sample was taken. The length of the sample shall be  sufficient to 

show all markings provided by the manufacturer. 

2.  Each type of conduit coupling, bushing, and termina tion fitting.  

3.  Conduit hangers, clamps, and supports.  

4.  Duct sealing compound.  

5.  Each type of receptacle, toggle switch, lighting co ntrol sensor, 

outlet box, manual motor starter, device wall plate , engraved 

nameplate, wire and cable splicing and terminating material, and 

branch circuit single pole molded case circuit brea ker. 
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1.13  SINGULAR NUMBER  

A.  Where any device or part of equipment is referred t o in these 

specifications in the singular number (e.g., "the s witch"), this 

reference shall be deemed to apply to as many such devices as are 

required to complete the installation as shown on t he drawings. 

1.14  POLYCHLORINATED BIPHENYL (PCB) EQUIPMENT – NOT USED 

1.15  ACCEPTANCE CHECKS AND TESTS 

A.  The Contractor shall furnish the instruments, mater ials, and labor for 

tests. 

B.  Where systems are comprised of components specified  in more than one 

section of Division 26, the Contractor shall coordi nate the 

installation, testing, and adjustment of all compon ents between various 

manufacturer’s representatives and technicians so t hat a complete, 

functional, and operational system is delivered to the Government. 

C.  When test results indicate any defects, the Contrac tor shall repair or 

replace the defective materials or equipment and re peat the tests for 

the equipment.  Repair, replacement, and re-testing  shall be 

accomplished at no additional cost to the Governmen t. 

1.16  WARRANTY 

A.  All work performed and all equipment and material f urnished under this 

Division shall be free from defects and shall remai n so for a period of 

one year from the date of acceptance of the entire installation by the 

Contracting Officer for the Government. 

1.17  INSTRUCTION 

A.  Instruction to designated Government personnel shal l be provided for 

the particular equipment or system as required in e ach associated 

technical specification section. 

B.  Furnish the services of competent and factory-train ed instructors to 

give full instruction in the adjustment, operation,  and maintenance of 

the specified equipment and system, including perti nent safety 

requirements.  Instructors shall be thoroughly fami liar with all 

aspects of the installation and shall be factory-tr ained in operating 

theory as well as practical operation and maintenan ce procedures. 

C.  A training schedule shall be developed and submitte d by the Contractor 

and approved by the COR at least 30 days prior to t he planned training. 
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PART 2 -  PRODUCTS (NOT USED) 

PART 3 -  EXECUTION (NOT USED) 

---END--- 
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SECTION 26 05 19 
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of the electrical conductors and cables for  use in electrical 

systems rated 600 V and below, indicated as cable(s ), conductor(s), 

wire, or wiring in this section. 

1.2  RELATED WORK 

A.  Section 07 84 00, FIRESTOPPING: Sealing around pene trations to maintain 

the integrity of fire-resistant rated construction.  

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

D.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits 

for conductors and cables. 

E.  Not Used 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Submit the following data for approval: 

1.)  Electrical ratings and insulation type for each con ductor 

and cable. 

2.)  Splicing materials and pulling lubricant. 

2.  Certifications: Two weeks prior to final inspection , submit the 

following.  
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a.  Certification by the manufacturer that the conducto rs and cables 

conform to the requirements of the drawings and spe cifications. 

b.  Certification by the Contractor that the conductors  and cables 

have been properly installed, adjusted, and tested.  

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are reference in the text by designation only. 

B.  American Society of Testing Material (ASTM): 

D2301-10................Standard Specification for Vinyl Chloride 

Plastic Pressure-Sensitive Electrical 

Insulating Tape 

D2304-10................Test Method for Thermal End urance of Rigid 

Electrical Insulating Materials 

D3005-10................Low-Temperature Resistant V inyl Chloride 

Plastic Pressure-Sensitive Electrical 

Insulating Tape 

C.  National Electrical Manufacturers Association (NEMA ): 

WC 70-09................Power Cables Rated 2000 Vol ts or Less for the 

Distribution of Electrical Energy 

D.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

E.  Underwriters Laboratories, Inc. (UL): 

44-14...................Thermoset-Insulated Wires a nd Cables 

83-14...................Thermoplastic-Insulated Wir es and Cables 

467-13..................Grounding and Bonding Equip ment 

486A-486B-13............Wire Connectors 

486C-13.................Splicing Wire Connectors 

486D-15.................Sealed Wire Connector Syste ms 

486E-15.................Equipment Wiring Terminals for Use with 

Aluminum and/or Copper Conductors 

493-07..................Thermoplastic-Insulated Und erground Feeder and 

Branch Circuit Cables 

514B-12.................Conduit, Tubing, and Cable Fittings 
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PART 2 -  PRODUCTS  

2.1  CONDUCTORS AND CABLES 

A.  Conductors and cables shall be in accordance with A STM, NEMA, NFPA, UL, 

as specified herein, and as shown on the drawings. 

B.  All conductors shall be copper. 

C.  Single Conductor and Cable: 

1.  No. 12 AWG: Minimum size, except where smaller size s are specified 

herein or shown on the drawings. 

2.  No. 8 AWG and larger: Stranded. 

3.  No. 10 AWG and smaller: Solid; except shall be stra nded for final 

connection to motors, transformers, and vibrating e quipment. 

4.  Insulation: THHN-THWN and XHHW-2.  XHHW-2 shall be used for isolated 

power systems. 

D.  Not Used 

E.  Color Code: 

1.  No. 10 AWG and smaller: Solid color insulation or s olid color 

coating. 

2.  No. 8 AWG and larger: Color-coded using one of the following 

methods: 

a.  Solid color insulation or solid color coating. 

b.  Stripes, bands, or hash marks of color specified. 

c.  Color using 19 mm (0.75 inches) wide tape.  

3.  For modifications and additions to existing wiring systems, color 

coding shall conform to the existing wiring system.  

4.  Conductors shall be color-coded as follows: 

208/120 V Phase 480/277 V 

Black A Brown 

Red B Orange 

Blue C Yellow 

White Neutral Gray * 

* or white with colored (other than green) tracer. 

 

5.  Lighting circuit “switch legs”, and 3-way and 4-way  switch 

“traveling wires,” shall have color coding that is unique and 

distinct (e.g., pink and purple) from the color cod ing indicated 
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above. The unique color codes shall be solid and in  accordance with 

the NEC. Coordinate color coding in the field with the COR. 

6.  Color code for isolated power system wiring shall b e in accordance 

with the NEC. 

2.2  SPLICES 

A.  Splices shall be in accordance with NEC and UL. 

B.  Above Ground Splices for No. 10 AWG and Smaller: 

1.  Solderless, screw-on, reusable pressure cable type,  with integral 

insulation, approved for copper and aluminum conduc tors. 

2.  The integral insulator shall have a skirt to comple tely cover the 

stripped conductors. 

3.  The number, size, and combination of conductors use d with the 

connector, as listed on the manufacturer's packagin g, shall be 

strictly followed. 

C.  Above Ground Splices for No. 8 AWG to No. 4/0 AWG: 

1.  Compression, hex screw, or bolt clamp-type of high conductivity and 

corrosion-resistant material, listed for use with c opper and 

aluminum conductors. 

2.  Insulate with materials approved for the particular  use, location, 

voltage, and temperature. Insulation level shall be  not less than 

the insulation level of the conductors being joined . 

3.  Splice and insulation shall be product of the same manufacturer. 

4.  All bolts, nuts, and washers used with splices shal l be zinc-plated 

steel. 

D.  Above Ground Splices for 250 kcmil and Larger: 

1.  Long barrel “butt-splice” or “sleeve” type compress ion connectors, 

with minimum of two compression indents per wire, l isted for use 

with copper and aluminum conductors. 

2.  Insulate with materials approved for the particular  use, location, 

voltage, and temperature. Insulation level shall be  not less than 

the insulation level of the conductors being joined . 

3.  Splice and insulation shall be product of the same manufacturer. 

E.  Not Used 

F.  Not Used 

G.  Plastic electrical insulating tape: Per ASTM D2304,  flame-retardant, 

cold and weather resistant. 
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2.3  CONNECTORS AND TERMINATIONS 

A.  Mechanical type of high conductivity and corrosion- resistant material, 

listed for use with copper and aluminum conductors.  

B.  Long barrel compression type of high conductivity a nd 

corrosion-resistant material, with minimum of two c ompression indents 

per wire, listed for use with copper and aluminum c onductors. 

C.  All bolts, nuts, and washers used to connect connec tions and 

terminations to bus bars or other termination point s shall be zinc-

plated steel. 

2.4  CONTROL WIRING 

A.  Unless otherwise specified elsewhere in these speci fications, control 

wiring shall be as specified herein, except that th e minimum size shall 

be not less than No. 14 AWG. 

B.  Control wiring shall be sized such that the voltage  drop under in-rush 

conditions does not adversely affect operation of t he controls. 

2.5  WIRE LUBRICATING COMPOUND 

A.  Lubricating compound shall be suitable for the wire  insulation and 

conduit and shall not harden or become adhesive. 

B.  Shall not be used on conductors for isolated power systems. 

PART 3 -  EXECUTION  

3.1  GENERAL  

A.  Installation shall be in accordance with the NEC, a s shown on the 

drawings, and manufacturer’s instructions. 

B.  Install all conductors in raceway systems. 

C.  Splice conductors only in outlet boxes, junction bo xes, pullboxes, 

manholes, or handholes. 

D.  Conductors of different systems (e.g., 120 V and 27 7 V) shall not be 

installed in the same raceway. 

E.  Install cable supports for all vertical feeders in accordance with the 

NEC. Provide split wedge type which firmly clamps e ach individual cable 

and tightens due to cable weight. 

F.  In panelboards, cabinets, wireways, switches, enclo sures, and equipment 

assemblies, neatly form, train, and tie the conduct ors with non-

metallic ties. 

G.  For connections to motors, transformers, and vibrat ing equipment, 

stranded conductors shall be used only from the las t fixed point of 

connection to the motors, transformers, or vibratin g equipment. 
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H.  Use expanding foam or non-hardening duct-seal to se al conduits entering 

a building, after installation of conductors. 

I.  Conductor and Cable Pulling: 

1.  Provide installation equipment that will prevent th e cutting or 

abrasion of insulation during pulling. Use lubrican ts approved for 

the cable. 

2.  Use nonmetallic pull ropes. 

3.  Attach pull ropes by means of either woven basket g rips or pulling 

eyes attached directly to the conductors. 

4.  All conductors in a single conduit shall be pulled simultaneously. 

5.  Do not exceed manufacturer’s recommended maximum pu lling tensions 

and sidewall pressure values. 

J.  No more than three branch circuits shall be install ed in any one 

conduit. 

K.  When stripping stranded conductors, use a tool that  does not damage the 

conductor or remove conductor strands. 

3.2  INSTALLATION IN MANHOLES – NOT USED 

3.3  SPLICE AND TERMINATION INSTALLATION 

A.  Splices and terminations shall be mechanically and electrically secure 

and tightened to manufacturer’s published torque va lues using a torque 

screwdriver or wrench. 

B.  Where the Government determines that unsatisfactory  splices or 

terminations have been installed, replace the splic es or terminations 

at no additional cost to the Government. 

3.4  CONDUCTOR IDENTIFICATION 

A.  When using colored tape to identify phase, neutral,  and ground 

conductors larger than No. 8 AWG, apply tape in hal f-overlapping turns 

for a minimum of 75 mm (3 inches) from terminal poi nts, and in junction 

boxes, pullboxes, and manholes. Apply the last two laps of tape with no 

tension to prevent possible unwinding. Where cable markings are covered 

by tape, apply tags to cable, stating size and insu lation type. 

3.5  FEEDER CONDUCTOR IDENTIFICATION 

A.  In each interior pullbox, install brass tags on all  feeder conductors 

to clearly designate their circuit identification a nd voltage. The tags 

shall be the embossed type, 40 mm (1-1/2 inches) in  diameter and 40 

mils thick. Attach tags with plastic ties.  
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3.6  EXISTING CONDUCTORS 

Unless specifically indicated on the plans, existin g conductors shall 

not be reused.  

3.7  CONTROL WIRING INSTALLATION 

A.  Unless otherwise specified in other sections, insta ll control wiring 

and connect to equipment to perform the required fu nctions as specified 

or as shown on the drawings.  

B.  Install a separate power supply circuit for each sy stem, except where 

otherwise shown on the drawings. 

3.8  CONTROL WIRING IDENTIFICATION 

A.  Install a permanent wire marker on each wire at eac h termination. 

B.  Identifying numbers and letters on the wire markers  shall correspond to 

those on the wiring diagrams used for installing th e systems. 

C.  Wire markers shall retain their markings after clea ning. 

D.  Not Used 

3.9  DIRECT BURIAL CABLE INSTALLATION – NOT USED 

3.10  ACCEPTANCE CHECKS AND TESTS   

A.  Perform in accordance with the manufacturer's recom mendations.  In 

addition, include the following: 

1.  Visual Inspection and Tests: Inspect physical condi tion. 

2.  Electrical tests: 

a.  After installation but before connection to utiliza tion devices, 

such as fixtures, motors, or appliances, test condu ctors phase-

to-phase and phase-to-ground resistance with an ins ulation 

resistance tester.  Existing conductors to be reuse d shall also 

be tested.   

b.  Applied voltage shall be 500 V DC for 300 V rated c able, and 1000 

V DC for 600 V rated cable. Apply test for one minu te or until 

reading is constant for 15 seconds, whichever is lo nger. Minimum 

insulation resistance values shall not be less than  25 megohms 

for 300 V rated cable and 100 megohms for 600 V rat ed cable. 

c.  Perform phase rotation test on all three-phase circ uits. 

---END--- 
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SECTION 26 05 26 
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of grounding and bonding equipment, indicat ed as grounding 

equipment in this section.  

B.  “Grounding electrode system” refers to grounding el ectrode conductors 

and all electrodes required or allowed by NEC, as w ell as made, 

supplementary, and lightning protection system grou nding electrodes. 

C.  The terms “connect” and “bond” are used interchange ably in this section 

and have the same meaning. 

1.2  RELATED WORK  

A.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26.  

B.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

C.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit and 

boxes. 

D.  Not Used 

E.  Not Used 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

J.  Not Used 

K.  Section 26 24 16, PANELBOARDS: Low-voltage panelboa rds. 

L.  Not Used 

M.  Not Used 

N.  Not Used 

O.  Not Used 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 
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1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Submit plans showing the location of system groundi ng electrodes 

and connections, and the routing of aboveground and  underground 

grounding electrode conductors. 

2.  Test Reports: 

a.  Two weeks prior to the final inspection, submit gro und resistance 

field test reports to the COTR. 

3.  Certifications: 

a.  Certification by the Contractor that the grounding equipment has 

been properly installed and tested.  

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B.  American Society for Testing and Materials (ASTM): 

B1-13...................Standard Specification for Hard-Drawn Copper 

Wire 

B3-13...................Standard Specification for Soft or Annealed 

Copper Wire 

B8-11...................Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

C.  Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

81-12...................IEEE Guide for Measuring Ea rth Resistivity, 

Ground Impedance, and Earth Surface Potentials 

of a Ground System Part 1: Normal Measurements 

D.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC)  

70E-15..................National Electrical Safety Code 

99-15...................Health Care Facilities 
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E.  Underwriters Laboratories, Inc. (UL):  

44-14 ..................Thermoset-Insulated Wires a nd Cables 

83-14 ..................Thermoplastic-Insulated Wir es and Cables 

467-13 .................Grounding and Bonding Equip ment  

PART 2 -  PRODUCTS  

2.1  GROUNDING AND BONDING CONDUCTORS  

A.  Equipment grounding conductors shall be insulated s tranded copper, 

except that sizes No. 10 AWG and smaller shall be s olid copper. 

Insulation color shall be continuous green for all equipment grounding 

conductors, except that wire sizes No. 4 AWG and la rger shall be 

identified per NEC. 

B.  Bonding conductors shall be bare stranded copper, e xcept that sizes No. 

10 AWG and smaller shall be bare solid copper.  Bon ding conductors 

shall be stranded for final connection to motors, t ransformers, and 

vibrating equipment.  

C.  Conductor sizes shall not be less than shown on the  drawings, or not 

less than required by the NEC, whichever is greater . 

D.  Insulation: THHN-THWN and XHHW-2.  XHHW-2 shall be used for isolated 

power systems. 

2.2  GROUND RODS 

A.  Steel or copper clad steel, 19 mm (0.75 inch) diame ter by 3 M (10 feet) 

long.   

B.  Quantity of rods shall be as shown on the drawings,  and as required to 

obtain the specified ground resistance.  

2.3  CONCRETE ENCASED ELECTRODE – NOT USED 

2.4  GROUND CONNECTIONS 

A.  Not Used  

B.  Above Grade: 

1.  Bonding Jumpers: Listed for use with aluminum and c opper conductors.  

For wire sizes No. 8 AWG and larger, use compressio n-type 

connectors.  For wire sizes smaller than No. 8 AWG,  use mechanical 

type lugs.  Connectors or lugs shall use zinc-plate d steel bolts, 

nuts, and washers.  Bolts shall be torqued to the v alues recommended 

by the manufacturer. 

2.  Connection to Building Steel: Exothermic-welded typ e connectors. 

3.  Connection to Grounding Bus Bars: Listed for use wi th aluminum and 

copper conductors.  Use mechanical type lugs, with zinc-plated steel 
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bolts, nuts, and washers. Bolts shall be torqued to  the values 

recommended by the manufacturer. 

4.  Connection to Equipment Rack and Cabinet Ground Bar s: Listed for use 

with aluminum and copper conductors.  Use mechanica l type lugs, with 

zinc-plated steel bolts, nuts, and washers. Bolts s hall be torqued 

to the values recommended by the manufacturer. 

2.5  EQUIPMENT RACK AND CABINET GROUND BARS 

A.  Provide solid copper ground bars designed for mount ing on the framework 

of open or cabinet-enclosed equipment racks.  Groun d bars shall have 

minimum dimensions of 6.3 mm (0.25 inch) thick x 19  mm (0.75 inch) 

wide, with length as required or as shown on the dr awings.  Provide 

insulators and mounting brackets. 

2.6  GROUND TERMINAL BLOCKS 

A.  At any equipment mounting location (e.g., backboard s and hinged cover 

enclosures) where rack-type ground bars cannot be m ounted, provide 

mechanical type lugs, with zinc-plated steel bolts,  nuts, and washers. 

Bolts shall be torqued to the values recommended by  the manufacturer. 

2.7  GROUNDING BUS BAR 

A.  Pre-drilled rectangular copper bar with stand-off i nsulators, minimum 

6.3 mm (0.25 inch) thick x 100 mm (4 inches) high i n cross-section, 

length as shown on the drawings, with hole size, qu antity, and spacing 

per detail shown on the drawings.  Provide insulato rs and mounting 

brackets. 

PART 3 -  EXECUTION  

3.1  GENERAL  

A.  Installation shall be in accordance with the NEC, a s shown on the 

drawings, and manufacturer’s instructions. 

B.  System Grounding:  

1.  Secondary service neutrals: Ground at the supply si de of the 

secondary disconnecting means and at the related tr ansformer.  

2.  Separately derived systems (transformers downstream  from the service 

entrance): Ground the secondary neutral.  

3.  Not Used  

C.  Equipment Grounding: Metallic piping, building stru ctural steel, 

electrical enclosures, raceways, junction boxes, ou tlet boxes, 

cabinets, machine frames, and other conductive item s in close proximity 

with electrical circuits, shall be bonded and groun ded.  
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D.  For patient care area electrical power system groun ding, conform to the 

latest NFPA 70 and 99.  

3.2  INACCESSIBLE GROUNDING CONNECTIONS 

 Make grounding connections, which are normally bur ied or otherwise 

inaccessible, by exothermic weld. 

3.3  MEDIUM-VOLTAGE EQUIPMENT AND CIRCUITS – NOT USED  

3.4  SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS  

A.  Main Bonding Jumper: Bond the secondary service neu tral to the ground 

bus in the service equipment.  

B.  Metallic Piping, Building Structural Steel, and Sup plemental 

Electrode(s):  

1.  Provide a grounding electrode conductor sized per N EC between the 

service equipment ground bus and all metallic water  pipe systems, 

building structural steel, and supplemental or made  electrodes. 

Provide jumpers across insulating joints in the met allic piping.  

2.  Provide a supplemental ground electrode as shown on  the drawings and 

bond to the grounding electrode system.  

C.  Panelboards and other electrical equipment:  

1.  Connect the equipment grounding conductors to the g round bus.  

2.  Connect metallic conduits by grounding bushings and  equipment 

grounding conductor to the equipment ground bus. 

D.  Transformers:  

1.  Not Used  

2.  Separately derived systems (transformers downstream  from service 

equipment): Ground the secondary neutral at the tra nsformer. Provide 

a grounding electrode conductor from the transforme r to the nearest 

component of the grounding electrode system. 

3.5  RACEWAY  

A.  Conduit Systems: 

1.  Ground all metallic conduit systems. All metallic c onduit systems 

shall contain an equipment grounding conductor.  

2.  Non-metallic conduit systems, except non-metallic f eeder conduits 

that carry a grounded conductor from exterior trans formers to 

interior or building-mounted service entrance equip ment, shall 

contain an equipment grounding conductor. 
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3.  Metallic conduit that only contains a grounding con ductor, and is 

provided for its mechanical protection, shall be bo nded to that 

conductor at the entrance and exit from the conduit . 

4.  Metallic conduits which terminate without mechanica l connection to 

an electrical equipment housing by means of locknut  and bushings or 

adapters, shall be provided with grounding bushings . Connect 

bushings with a equipment grounding conductor to th e equipment 

ground bus. 

B.  Feeders and Branch Circuits: Install equipment grou nding conductors 

with all feeders, and power and lighting branch cir cuits.  

C.  Boxes, Cabinets, Enclosures, and Panelboards:  

1.  Bond the equipment grounding conductor to each pull box, junction 

box, outlet box, device box, cabinets, and other en closures through 

which the conductor passes (except for special grou nding systems for 

intensive care units and other critical units shown ).  

2.  Provide lugs in each box and enclosure for equipmen t grounding 

conductor termination. 

D.  Wireway Systems: 

1.  Bond the metallic structures of wireway to provide electrical 

continuity throughout the wireway system, by connec ting a No. 6 AWG 

bonding jumper at all intermediate metallic enclosu res and across 

all section junctions. 

2.  Install insulated No. 6 AWG bonding jumpers between  the wireway 

system, bonded as required above, and the closest b uilding ground at 

each end and approximately every 16 M (50 feet). 

3.  Use insulated No. 6 AWG bonding jumpers to ground o r bond metallic 

wireway at each end for all intermediate metallic e nclosures and 

across all section junctions. 

4.  Use insulated No. 6 AWG bonding jumpers to ground c able tray to 

column-mounted building ground plates (pads) at eac h end and 

approximately every 15 M (49 feet). 

E.  Receptacles shall not be grounded through their mou nting screws. Ground 

receptacles with a jumper from the receptacle green  ground terminal to 

the device box ground screw and a jumper to the bra nch circuit 

equipment grounding conductor.  

F.  Ground lighting fixtures to the equipment grounding  conductor of the 

wiring system. Fixtures connected with flexible con duit shall have a 
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green ground wire included with the power wires fro m the fixture 

through the flexible conduit to the first outlet bo x.  

G.  Fixed electrical appliances and equipment shall be provided with a 

ground lug for termination of the equipment groundi ng conductor.  

H.  Not Used 

I.  Not Used  

3.6  OUTDOOR METALLIC FENCES AROUND ELECTRICAL EQUIPMENT – NOT USED  

3.7  CORROSION INHIBITORS 

A.  When making grounding and bonding connections, appl y a corrosion 

inhibitor to all contact surfaces.  Use corrosion i nhibitor appropriate 

for protecting a connection between the metals used . 

3.8  CONDUCTIVE PIPING  

A.  Bond all conductive piping systems, interior and ex terior, to the 

grounding electrode system. Bonding connections sha ll be made as close 

as practical to the equipment ground bus.  

B.  In operating rooms and at intensive care and corona ry care type beds, 

bond the medical gas piping and medical vacuum pipi ng at the outlets 

directly to the patient ground bus.  

3.9  LIGHTNING PROTECTION SYSTEM – NOT USED 

3.10  MAIN ELECTRICAL ROOM GROUNDING – NOT USED 

3.11  EXTERIOR LIGHT POLES – NOT USED 

3.12  GROUND RESISTANCE  

A.  Grounding system resistance to ground shall not exc eed 5 ohms. Make any 

modifications or additions to the grounding electro de system necessary 

for compliance without additional cost to the Gover nment. Final tests 

shall ensure that this requirement is met. 

B.  Grounding system resistance shall comply with the e lectric utility 

company ground resistance requirements.  

3.13  GROUND ROD INSTALLATION  

A.  Not Used 

B.  For indoor installations, leave 100 mm (4 inches) o f each rod exposed.  

C.  Where buried or permanently concealed ground connec tions are required, 

make the connections by the exothermic process, to form solid metal 

joints. Make accessible ground connections with mec hanical pressure-

type ground connectors.  
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D.  Where rock or impenetrable soil prevents the drivin g of vertical ground 

rods, install angled ground rods or grounding elect rodes in horizontal 

trenches to achieve the specified ground resistance .  

3.14  ACCEPTANCE CHECKS AND TESTS  

A.  Resistance of the grounding electrode system shall be measured using a 

four-terminal fall-of-potential method as defined i n IEEE 81. Ground 

resistance measurements shall be made before the el ectrical 

distribution system is energized or connected to th e electric utility 

company ground system and shall be made in normally  dry conditions not 

fewer than 48 hours after the last rainfall.  

B.  Resistance measurements of separate grounding elect rode systems shall 

be made before the systems are bonded together.  Th e combined 

resistance of separate systems may be used to meet the required 

resistance, but the specified number of electrodes must still be 

provided. 

C.  Below-grade connections shall be visually inspected  by the COR prior to 

backfilling.  The Contractor shall notify the COR 2 4 hours before the 

connections are ready for inspection. 

---END--- 
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SECTION 26 05 33 
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

conduit, fittings, and boxes, to form complete, coo rdinated, grounded 

raceway systems. Raceways are required for all wiri ng unless shown or 

specified otherwise. 

B.  Definitions: The term conduit, as used in this spec ification, shall 

mean any or all of the raceway types specified. 

1.2  RELATED WORK  

A.  Not Used 

B.  Section 07 60 00, FLASHING AND SHEET METAL: Fabrica tions for the 

deflection of water away from the building envelope  at penetrations. 

C.  Section 07 84 00, FIRESTOPPING: Sealing around pene trations to maintain 

the integrity of fire rated construction. 

D.  Section 07 92 00, JOINT SEALANTS: Sealing around co nduit penetrations 

through the building envelope to prevent moisture m igration into the 

building. 

E.  Section 09 91 00, PAINTING: Identification and pain ting of conduit and 

other devices. 

F.  Not Used 

G.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

H.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

I.  Not Used 

J.  Not Used 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 
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1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Size and location of main feeders. 

b.  Size and location of panels and pull-boxes. 

c.  Layout of required conduit penetrations through str uctural 

elements. 

d.  Submit the following data for approval: 

1.)  Raceway types and sizes. 

2.)  Conduit bodies, connectors and fittings. 

3.)  Junction and pull boxes, types and sizes. 

2.  Certifications:  Two weeks prior to final inspectio n, submit the 

following:  

a.  Certification by the manufacturer that raceways, co nduits, 

conduit bodies, connectors, fittings, junction and pull boxes, 

and all related equipment conform to the requiremen ts of the 

drawings and specifications. 

b.  Certification by the Contractor that raceways, cond uits, conduit 

bodies, connectors, fittings, junction and pull box es, and all 

related equipment have been properly installed. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  American Iron and Steel Institute (AISI): 

S100-12.................North American Specificatio n for the Design of 

Cold-Formed Steel Structural Members 

C.  National Electrical Manufacturers Association (NEMA ): 

C80.1-15................Electrical Rigid Steel Cond uit 

C80.3-15................Steel Electrical Metal Tubi ng 

C80.6-05................Electrical Intermediate Met al Conduit 

FB1-14..................Fittings, Cast Metal Boxes and Conduit Bodies 

for Conduit, Electrical Metallic Tubing and 

Cable 
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FB2.10-13...............Selection and Installation Guidelines for 

Fittings for use with Non-Flexible Conduit or 

Tubing (Rigid Metal Conduit, Intermediate 

Metallic Conduit, and Electrical Metallic 

Tubing) 

FB2.20-14...............Selection and Installation Guidelines for 

Fittings for use with Flexible Electrical 

Conduit and Cable 

TC-2-13.................Electrical Polyvinyl Chlori de (PVC) Tubing and 

Conduit 

TC-3-13.................PVC Fittings for Use with R igid PVC Conduit and 

Tubing 

D.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

E.  Underwriters Laboratories, Inc. (UL): 

1-05....................Flexible Metal Conduit  

5-16....................Surface Metal Raceway and F ittings 

6-07....................Electrical Rigid Metal Cond uit - Steel 

50-15...................Enclosures for Electrical E quipment 

360-13..................Liquid-Tight Flexible Steel  Conduit 

467-13..................Grounding and Bonding Equip ment 

514A-13.................Metallic Outlet Boxes 

514B-12.................Conduit, Tubing, and Cable Fittings 

514C-14.................Nonmetallic Outlet Boxes, F lush-Device Boxes 

and Covers  

651-11..................Schedule 40 and 80 Rigid PV C Conduit and 

Fittings 

651A-11.................Type EB and A Rigid PVC Con duit and HDPE 

Conduit 

797-07..................Electrical Metallic Tubing 

1242-14.................Electrical Intermediate Met al Conduit - Steel 

PART 2 -  PRODUCTS 

2.1  MATERIAL 

A.  Conduit Size:  In accordance with the NEC, but not less than 13 mm 

(0.5-inch) unless otherwise shown.  Where permitted  by the NEC, 13 mm 

(0.5-inch) flexible conduit may be used for tap con nections to recessed 

lighting fixtures. 
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B.  Conduit: 

1.  Size:  In accordance with the NEC, but not less tha n 13 mm (0.5-

inch). 

2.  Rigid Steel Conduit (RMC):  Shall conform to UL 6 a nd NEMA C80.1. 

3.  Rigid aluminum: Shall conform to UL 6A and NEMA C80 .5.  

4.  Rigid Intermediate Steel Conduit (IMC):  Shall conf orm to UL 1242 

and NEMA C80.6. 

5.  Electrical Metallic Tubing (EMT):  Shall conform to  UL 797 and NEMA 

C80.3. Maximum size not to exceed 105 mm (4 inches)  and shall be 

permitted only with cable rated 600 V or less. 

6.  Flexible Metal Conduit:  Shall conform to UL 1. 

7.  Liquid-tight Flexible Metal Conduit:  Shall conform  to UL 360. 

8.  Direct Burial Plastic Conduit:  Shall conform to UL  651 and UL 651A, 

heavy wall PVC or high density polyethylene (PE). 

9.  Surface Metal Raceway:  Shall conform to UL 5. 

C.  Conduit Fittings:  

1.  Rigid Steel and Intermediate Metallic Conduit Fitti ngs:  

a.  Fittings shall meet the requirements of UL 514B and  NEMA FB1. 

b.  Standard threaded couplings, locknuts, bushings, co nduit bodies, 

and elbows: Only steel or malleable iron materials are 

acceptable. Integral retractable type IMC couplings  are also 

acceptable. 

c.  Locknuts:  Bonding type with sharp edges for diggin g into the 

metal wall of an enclosure. 

d.  Bushings:  Metallic insulating type, consisting of an insulating 

insert, molded or locked into the metallic body of the fitting. 

Bushings made entirely of metal or nonmetallic mate rial are not 

permitted. 

e.  Erickson (Union-Type) and Set Screw Type Couplings:   Approved for 

use in concrete are permitted for use to complete a  conduit run 

where conduit is installed in concrete.  Use set sc rews of case-

hardened steel with hex head and cup point to firml y seat in 

conduit wall for positive ground.  Tightening of se t screws with 

pliers is prohibited. 

f.  Sealing Fittings:  Threaded cast iron type.  Use co ntinuous 

drain-type sealing fittings to prevent passage of w ater vapor.  

In concealed work, install fittings in flush steel boxes with 



01-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

26 05 33 - 5 

blank cover plates having the same finishes as that  of other 

electrical plates in the room. 

2.  Not Used 

3.  Electrical Metallic Tubing Fittings:  

a.  Fittings and conduit bodies shall meet the requirem ents of UL 

514B, NEMA C80.3, and NEMA FB1. 

b.  Only steel or malleable iron materials are acceptab le. 

c.  Not Used  

d.  Setscrew Couplings and Connectors:  Use setscrews o f case-

hardened steel with hex head and cup point, to firm ly seat in 

wall of conduit for positive grounding. 

e.  Indent-type connectors or couplings are prohibited.  

f.  Die-cast or pressure-cast zinc-alloy fittings or fi ttings made of 

"pot metal" are prohibited. 

4.  Flexible Metal Conduit Fittings: 

a.  Conform to UL 514B.  Only steel or malleable iron m aterials are 

acceptable. 

b.  Clamp-type, with insulated throat. 

5.  Liquid-tight Flexible Metal Conduit Fittings: 

a.  Fittings shall meet the requirements of UL 514B and  NEMA FB1. 

b.  Only steel or malleable iron materials are acceptab le. 

c.  Fittings must incorporate a threaded grounding cone , a steel or 

plastic compression ring, and a gland for tightenin g.  Connectors 

shall have insulated throats. 

6.  Direct Burial Plastic Conduit Fittings:  Fittings s hall meet the 

requirements of UL 514C and NEMA TC3. 

7.  Surface Metal Raceway Fittings:  As recommended by the raceway 

manufacturer.  Include couplings, offsets, elbows, expansion joints, 

adapters, hold-down straps, end caps, conduit entry  fittings, 

accessories, and other fittings as required for com plete system. 

8.  Expansion and Deflection Couplings: 

a.  Conform to UL 467 and UL 514B. 

b.  Accommodate a 19 mm (0.75-inch) deflection, expansi on, or 

contraction in any direction, and allow 30 degree a ngular 

deflections. 

c.  Include internal flexible metal braid, sized to gua rantee conduit 

ground continuity and a low-impedance path for faul t currents, in 
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accordance with UL 467 and the NEC tables for equip ment grounding 

conductors. 

d.  Jacket:  Flexible, corrosion-resistant, watertight,  moisture and 

heat-resistant molded rubber material with stainles s steel jacket 

clamps. 

D.  Conduit Supports: 

1.  Parts and Hardware:  Zinc-coat or provide equivalen t corrosion 

protection. 

2.  Individual Conduit Hangers:  Designed for the purpo se, having a 

pre-assembled closure bolt and nut, and provisions for receiving a 

hanger rod. 

3.  Multiple Conduit (Trapeze) Hangers:  Not less than 38 mm x 38 mm 

(1.5 x 1.5 inches), 12-gauge steel, cold-formed, li pped channels; 

with not less than 9 mm (0.375-inch) diameter steel  hanger rods. 

4.  Solid Masonry and Concrete Anchors:  Self-drilling expansion 

shields, or machine bolt expansion. 

E.  Outlet, Junction, and Pull Boxes: 

1.  Comply with UL-50 and UL-514A. 

2.  Rustproof cast metal where required by the NEC or s hown on drawings. 

3.  Sheet Metal Boxes:  Galvanized steel, except where shown on 

drawings. 

F.  Metal Wireways:  Equip with hinged covers, except a s shown on drawings. 

Include couplings, offsets, elbows, expansion joint s, adapters, hold-

down straps, end caps, and other fittings to match and mate with 

wireways as required for a complete system. 

PART 3 -  EXECUTION 

3.1  PENETRATIONS 

A.  Cutting or Holes: 

1.  Cut holes in advance where they should be placed in  the structural 

elements, such as ribs or beams.  Obtain the approv al of the COR 

prior to drilling through structural elements. 

2.  Cut holes through concrete and masonry in new and e xisting 

structures with a diamond core drill or concrete sa w.  Pneumatic 

hammers, impact electric, hand, or manual hammer-ty pe drills are not 

allowed, except when permitted by the COR where wor king space is 

limited. 



01-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

26 05 33 - 7 

B.  Firestop:  Where conduits, wireways, and other elec trical raceways pass 

through fire partitions, fire walls, smoke partitio ns, or floors, 

install a fire stop that provides an effective barr ier against the 

spread of fire, smoke and gases as specified in Sec tion 07 84 00, 

FIRESTOPPING. 

C.  Waterproofing:  At floor, exterior wall, and roof c onduit penetrations, 

completely seal the gap around conduit to render it  watertight, as 

specified in Section 07 92 00, JOINT SEALANTS. 

3.2  INSTALLATION, GENERAL 

A.  In accordance with NEC, NEMA, UL, as shown on drawi ngs, and as 

specified herein. 

B.  Raceway systems used for Essential Electrical Syste ms (EES) shall be 

entirely independent of other raceway systems. 

C.  Install conduit as follows: 

1.  In complete mechanically and electrically continuou s runs before 

pulling in cables or wires. 

2.  Unless otherwise indicated on the drawings or speci fied herein, 

installation of all conduits shall be concealed wit hin finished 

walls, floors, and ceilings.  

3.  Flattened, dented, or deformed conduit is not permi tted.  Remove and 

replace the damaged conduits with new conduits. 

4.  Assure conduit installation does not encroach into the ceiling 

height head room, walkways, or doorways. 

5.  Cut conduits square, ream, remove burrs, and draw u p tight. 

6.  Independently support conduit at 2.4 M (8 feet) on centers with 

specified materials and as shown on drawings.  

7.  Do not use suspended ceilings, suspended ceiling su pporting members, 

lighting fixtures, other conduits, cable tray, boxe s, piping, or 

ducts to support conduits and conduit runs. 

8.  Support within 300 mm (12 inches) of changes of dir ection, and 

within 300 mm (12 inches) of each enclosure to whic h connected. 

9.  Close ends of empty conduits with plugs or caps at the rough-in 

stage until wires are pulled in, to prevent entry o f debris. 

10.  Conduit installations under fume and vent hoods are  prohibited. 

11.  Secure conduits to cabinets, junction boxes, pull-b oxes, and outlet 

boxes with bonding type locknuts.  For rigid steel and IMC conduit 

installations, provide a locknut on the inside of t he enclosure, 
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made up wrench tight.  Do not make conduit connecti ons to junction 

box covers. 

12.  Flashing of penetrations of the roof membrane is sp ecified in 

Section 07 60 00, FLASHING AND SHEET METAL. 

13.  Conduit bodies shall only be used for changes in di rection and shall 

not contain splices. 

14.  Not Used 

D.  Conduit Bends: 

1.  Make bends with standard conduit bending machines. 

2.  Conduit hickey may be used for slight offsets and f or straightening 

stubbed out conduits. 

3.  Bending of conduits with a pipe tee or vise is proh ibited. 

E.  Layout and Homeruns: 

1.  Install conduit with wiring, including homeruns, as  shown on 

drawings. 

2.  Deviations:  Make only where necessary to avoid int erferences and 

only after drawings showing the proposed deviations  have been 

submitted and approved by the COR. 

3.3  CONCEALED WORK INSTALLATION  

A.  In Concrete: 

1.  Conduit:  Rigid steel, IMC, or EMT.  Do not install  EMT in concrete 

slabs that are in contact with soil, gravel, or vap or barriers. 

2.  Align and run conduit in direct lines. 

3.  Install conduit through concrete beams only: 

a.  Where shown on the structural drawings. 

b.  As approved by the COR prior to construction, and a fter submittal 

of drawing showing location, size, and position of each 

penetration. 

4.  Installation of conduit in concrete that is less th an 75 mm (3 

inches) thick is prohibited. 

a.  Conduit outside diameter larger than one-third of t he slab 

thickness is prohibited. 

b.  Space between conduits in slabs:  Approximately six  conduit 

diameters apart, and one conduit diameter at condui t crossings.  

c.  Install conduits approximately in the center of the  slab so that 

there will be a minimum of 19 mm (0.75-inch) of con crete around 

the conduits. 
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5.  Make couplings and connections watertight.  Use thr ead compounds 

that are UL approved conductive type to ensure low resistance ground 

continuity through the conduits.  Tightening setscr ews with pliers 

is prohibited. 

B.  Above Furred or Suspended Ceilings and in Walls: 

1.  Not Used 

2.  Conduit for Conductors 600 V and Below:  Rigid stee l, IMC, or EMT.  

Mixing different types of conduits in the same syst em is prohibited. 

3.  Align and run conduit parallel or perpendicular to the building 

lines. 

4.  Connect recessed lighting fixtures to conduit runs with maximum 1.8 

M (6 feet) of flexible metal conduit extending from  a junction box 

to the fixture. 

5.  Tightening set screws with pliers is prohibited. 

6.  For conduits running through metal studs, limit fie ld cut holes to 

no more than 70% of web depth.  Spacing between hol es shall be at 

least 457 mm (18 inches).  Cuts or notches in flang es or return lips 

shall not be permitted. 

3.4  EXPOSED WORK INSTALLATION 

A.  Unless otherwise indicated on drawings, exposed con duit is only 

permitted in mechanical and electrical rooms. 

B.  Not Used 

C.  Conduit for Conductors 600 V and Below:  Rigid stee l, IMC, or EMT.  

Mixing different types of conduits in the system is  prohibited. 

D.  Align and run conduit parallel or perpendicular to the building lines. 

E.  Install horizontal runs close to the ceiling or bea ms and secure with 

conduit straps. 

F.  Support horizontal or vertical runs at not over 2.4  M (8 feet) 

intervals. 

G.  Surface Metal Raceways:  Use only where shown on dr awings. 

H.  Painting: 

1.  Paint exposed conduit as specified in Section 09 91  00, PAINTING. 

2.  Paint all conduits containing cables rated over 600  V safety orange. 

Refer to Section 09 91 00, PAINTING for preparation , paint type, and 

exact color.  In addition, paint legends, using 50 mm (2 inch) high 

black numerals and letters, showing the cable volta ge rating.  
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Provide legends where conduits pass through walls a nd floors and at 

maximum 6 M (20 feet) intervals in between. 

3.5  DIRECT BURIAL INSTALLATION – NOT USED 

3.6  HAZARDOUS LOCATIONS – NOT USED 

3.7  WET OR DAMP LOCATIONS 

A.  Use rigid steel or IMC conduits unless as shown on drawings. 

B.  Provide sealing fittings to prevent passage of wate r vapor where 

conduits pass from warm to cold locations, i.e., re frigerated spaces, 

constant-temperature rooms, air-conditioned spaces,  building exterior 

walls, roofs, or similar spaces. 

C.  Use rigid steel or IMC conduit within 1.5 M (5 feet ) of the exterior 

and below concrete building slabs in contact with s oil, gravel, or 

vapor barriers, unless as shown on drawings.  Condu it shall be half-

lapped with 10 mil PVC tape before installation.  A fter installation, 

completely recoat or retape any damaged areas of co ating. 

D.  Conduits run on roof shall be supported with integr al galvanized lipped 

steel channel, attached to UV-inhibited polycarbona te or polypropylene 

blocks every 2.4 M (8 feet) with 9 mm (3/8-inch) ga lvanized threaded 

rods, square washer and locknut.  Conduits shall be  attached to steel 

channel with conduit clamps. 

3.8  MOTORS AND VIBRATING EQUIPMENT 

A.  Use flexible metal conduit for connections to motor s and other 

electrical equipment subject to movement, vibration , misalignment, 

cramped quarters, or noise transmission.  

B.  Use liquid-tight flexible metal conduit for install ation in exterior 

locations, moisture or humidity laden atmosphere, c orrosive atmosphere, 

water or spray wash-down operations, inside airstre am of HVAC units, 

and locations subject to seepage or dripping of oil , grease, or water.  

C.  Provide a green equipment grounding conductor with flexible and liquid-

tight flexible metal conduit. 

3.9  EXPANSION JOINTS 

A.  Conduits 75 mm (3 inch) and larger that are secured  to the building 

structure on opposite sides of a building expansion  joint require 

expansion and deflection couplings.  Install the co uplings in 

accordance with the manufacturer's recommendations.  

B.  Provide conduits smaller than 75 mm (3 inch) with j unction boxes on 

both sides of the expansion joint.  Connect flexibl e metal conduits to 
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junction boxes with sufficient slack to produce a 1 25 mm (5 inch) 

vertical drop midway between the ends of the flexib le metal conduit.  

Flexible metal conduit shall have a green insulated  copper bonding 

jumper installed. In lieu of this flexible metal co nduit, expansion and 

deflection couplings as specified above are accepta ble. 

C.  Install expansion and deflection couplings where sh own. 

D.  Not Used  

3.10  CONDUIT SUPPORTS  

A.  Safe working load shall not exceed one-quarter of p roof test load of 

fastening devices. 

B.  Use pipe straps or individual conduit hangers for s upporting individual 

conduits. 

C.  Support multiple conduit runs with trapeze hangers.   Use trapeze 

hangers that are designed to support a load equal t o or greater than 

the sum of the weights of the conduits, wires, hang er itself, and an 

additional 90 kg (200 lbs).  Attach each conduit wi th U-bolts or other 

approved fasteners. 

D.  Support conduit independently of junction boxes, pu ll-boxes, fixtures, 

suspended ceiling T-bars, angle supports, and simil ar items. 

E.  Fasteners and Supports in Solid Masonry and Concret e: 

1.  New Construction:  Use steel or malleable iron conc rete inserts set 

in place prior to placing the concrete. 

2.  Existing Construction: 

a.  Steel expansion anchors not less than 6 mm (0.25-in ch) bolt size 

and not less than 28 mm (1.125 inch) in embedment. 

b.  Power set fasteners not less than 6 mm (0.25-inch) diameter with 

depth of penetration not less than 75 mm (3 inch). 

c.  Use vibration and shock-resistant anchors and faste ners for 

attaching to concrete ceilings. 

F.  Hollow Masonry:  Toggle bolts.  

G.  Bolts supported only by plaster or gypsum wallboard  are not acceptable. 

H.  Metal Structures:  Use machine screw fasteners or o ther devices 

specifically designed and approved for the applicat ion. 

I.  Attachment by wood plugs, rawl plug, plastic, lead or soft metal 

anchors, or wood blocking and bolts supported only by plaster is 

prohibited. 
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J.  Chain, wire, or perforated strap shall not be used to support or fasten 

conduit. 

K.  Spring steel type supports or fasteners are prohibi ted for all uses 

except horizontal and vertical supports/fasteners w ithin walls. 

L.  Vertical Supports:  Vertical conduit runs shall hav e riser clamps and 

supports in accordance with the NEC and as shown.  Provide supports for 

cable and wire with fittings that include internal wedges and retaining 

collars. 

3.11  BOX INSTALLATION  

A.  Boxes for Concealed Conduits: 

1.  Flush-mounted. 

2.  Provide raised covers for boxes to suit the wall or  ceiling, 

construction, and finish. 

B.  In addition to boxes shown, install additional boxe s where needed to 

prevent damage to cables and wires during pulling-i n operations or 

where more than the equivalent of 4-90 degree bends  are necessary.  

C.  Locate pullboxes so that covers are accessible and easily removed. 

Coordinate locations with piping and ductwork where  installed above 

ceilings.  

D.  Remove only knockouts as required.  Plug unused ope nings.  Use threaded 

plugs for cast metal boxes and snap-in metal covers  for sheet metal 

boxes. 

E.  Outlet boxes mounted back-to-back in the same wall are prohibited.  A 

minimum 600 mm (24 inch) center-to-center lateral s pacing shall be 

maintained between boxes. 

F.  Flush-mounted wall or ceiling boxes shall be instal led with raised 

covers so that the front face of raised cover is fl ush with the wall. 

Surface-mounted wall or ceiling boxes shall be inst alled with surface-

style flat or raised covers. 

G.  Minimum size of outlet boxes for ground fault circu it interrupter 

(GFCI) receptacles is 100 mm (4 inches) square x 55  mm (2.125 inches) 

deep, with device covers for the wall material and thickness involved. 

H.  Stencil or install phenolic nameplates on covers of  the boxes 

identified on riser diagrams; for example "SIG-FA J B No. 1."  

I.  On all branch circuit junction box covers, identify  the circuits with 

black marker. 

- - - E N D - - - 
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SECTION 26 05 73 
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY 

PART 1 -  GENERAL 

1.1 DESCRIPTION 

A.  This section specifies the overcurrent protective d evice coordination 

study, related calculations and analysis, indicated  as the study in 

this section. 

B.  A short-circuit and selective coordination study, a nd arc flash 

calculations and analysis shall be prepared for the  electrical 

overcurrent devices to be installed under this proj ect.  This shall 

include equipment listed in paragraph 3.1 of sectio n 26 05 73.  The 

study shall be performed starting at the existing n ormal and emergency 

power panels, distribution panels and/or switchboar ds providing power 

to the new equipment provided as part of the projec t.  The available 

short circuit current at the existing power sources  is available from 

existing electrical reports.  Available short circu its current at 

existing equipment is as noted on the drawings. 

C.  The study shall present a well-coordinated time-cur rent analysis of 

each overcurrent protective device from the new pan elboards up to and 

including the existing main distribution panels or main switchboards. 

1.2 RELATED WORK 

A.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

electrical requirements that are common to more tha n one section of 

Division 26. 

B.  Not Used 

C.  Not Used 

D.  Not Used 

E.  Not Used 

F.  Section 26 24 16, PANELBOARDS: Low-voltage panelboa rds. 

G.  Not Used 

H.  Not Used 

I.  Not Used 

1.3 QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 
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B.  The study shall be prepared by the equipment manufa cturer and performed 

by the equipment manufacturer’s licensed electrical  engineer. 

1.4 SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Product data on the software program to be used for  the study. 

Software shall be in mainstream use in the industry , shall provide 

device settings and ratings, and shall show selecti ve coordination 

by time-current drawings. 

2.  Complete study as described in paragraph 1.6. Submi ttal of the study 

shall be well-coordinated with submittals of the sh op drawings for 

equipment in related specification sections. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the Contractor that the overcurren t protective 

devices have been set in accordance with the approv ed study. 

1.5 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  Institute of Electrical and Electronics Engineers ( IEEE): 

241-90..................Recommended Practice Electr ical Systems in 

Commercial Buildings 

242-03..................Recommended Practice for Pr otection and 

Coordination of Industrial and Commercial Power 

Systems 

399-97..................Recommended Practice for In dustrial and 

Commercial Power Systems Analysis 

1584-02.................Performing Arc-Flash Hazard s Calculations 

1584A-04................Performing Arc-Flash Hazard s Calculations – 

Amendment 1 

1584B-11................Performing Arc-Flash Hazard s Calculations – 

Amendment 2 

C.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 
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70E-18..................Standard for Electrical Saf ety in the Workplace 

99-18...................Health Care Facilities Code  

1.6 STUDY REQUIREMENTS 

A.  The study shall be in accordance with IEEE and NFPA  standards. 

B.  The study shall include one line diagram, short-cir cuit and ground 

fault analysis, protective coordination plots for a ll overcurrent 

protective devices, and arc flash calculations and analysis. 

C.  One Line Diagram: 

1.  Show all electrical equipment and wiring to be prot ected by the 

overcurrent devices. 

2.  Show the following specific information: 

a.  Calculated fault impedance, X/R ratios, and short-c ircuit values 

at each feeder and branch circuit bus. 

b.  Relay, circuit breaker, and fuse ratings. 

c.  Generator kW/kVA and transformer kVA and voltage ra tings, percent 

impedance, X/R ratios, and wiring connections. 

d.  Voltage at each bus. 

e.  Identification of each bus, matching the identifica tion on the 

drawings. 

f.  Conduit, conductor, and busway material, size, leng th, and X/R 

ratios. 

D.  Short-Circuit Study: 

1.  The study shall be performed using computer softwar e designed for 

this purpose.  Pertinent data and the rationale emp loyed in 

developing the calculations shall be described in t he introductory 

remarks of the study. 

2.  Calculate the fault impedance to determine the avai lable short-

circuit and ground fault currents at each bus. Inco rporate 

applicable motor and/or generator contribution in d etermining the 

momentary and interrupting ratings of the overcurre nt protective 

devices. 

3.  Present the results of the short-circuit study in a  table. Include 

the following: 

a.  Device identification. 

b.  Operating voltage. 

c.  Overcurrent protective device type and rating. 

d.  Calculated short-circuit current. 
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E.  Coordination Study: 

1.  Prepare the coordination curves to determine the re quired settings 

of overcurrent protective devices to demonstrate se lective 

coordination. Graphically illustrate on log-log pap er that adequate 

time separation exists between devices including th e utility company 

upstream device if applicable. Plot the specific ti me-current 

characteristics of each overcurrent protective devi ce in such a 

manner that all devices are clearly depicted. 

2.  The following specific information shall also be sh own on the 

coordination curves: 

a.  Device identification. 

b.  Potential transformer and current transformer ratio s. 

c.  Three-phase and single-phase ANSI damage points or curves for 

each cable or transformer. 

d.  Applicable circuit breaker or protective relay char acteristic 

curves. 

e.  No-damage, melting, and clearing curves for fuses. 

f.  Transformer in-rush points. 

3.  Develop a table to summarize the settings selected for the 

overcurrent protective devices. Include the followi ng in the table: 

a.  Device identification. 

b.  Protective relay or circuit breaker potential and c urrent 

transformer ratios, sensor rating, and available an d suggested 

pickup and delay settings for each available trip c haracteristic. 

c.  Fuse rating and type. 

F.  Arc Flash Calculations and Analysis: 

1.  Arc flash warning labels shall comply with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

2.  Arc flash calculations shall be based on actual ove r-current 

protective device clearing time.  Maximum clearing time shall be in 

accordance with IEEE 1584. 

3.  Arc flash analysis shall be based on the lowest cle aring time 

setting of the over-current protective device to mi nimize the 

incident energy level without compromising selectiv e coordination. 

4.  Arc flash boundary and available arc flash incident  energy at the 

corresponding working distance shall be calculated for all 



01-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
  VA Project #438-18-102 

 

26 05 73 - 5 

electrical power distribution equipment specified i n the project, 

and as shown on the drawings. 

5.  Required arc-rated clothing and other PPE shall be selected and 

specified in accordance with NFPA 70E.  

1.7 ANALYSIS 

A.  Analyze the short-circuit calculations, and highlig ht any equipment 

determined to be underrated as specified. Propose s olutions to 

effectively protect the underrated equipment. 

1.8 ADJUSTMENTS, SETTINGS, AND MODIFICATIONS  

A.  Final field settings and minor modifications of the  overcurrent 

protective devices shall be made to conform with th e study, without 

additional cost to the Government. 

PART 2 -  PRODUCTS (NOT USED) 

PART 3 -  EXECUTION 

3.1 IDENTIFICATION SCHEDULE 

A.  Equipment identification labels: on each unit of eq uipment, install 

unique designation label that is consistent with wi ring diagrams, 

schedules, and the operation and maintenance manual . Apply labels to 

disconnect switches and protection equipment, centr al or master units, 

control panels, control stations, terminal cabinets , and racks of each 

system. Systems include power, lighting, control, c ommunication, 

signal, monitoring, and alarm systems unless equipm ent is provided with 

its own identification. 

1.  Fault current data calculated per this section shal l be applied via 

adhesive label to electrical equipment per NFPA 70,  National 

Electrical Code (NEC) or as noted below.  Arc flash  labels with data 

as calculated in accordance with this section shall  be applied per 

section 26 05 11.  Provide engraved nameplates for equipment stating 

the name of equipment, voltage, and power source.  The equipment to 

be labeled with fault current data, arc flash data,  and nameplate 

identification data shall include but not be limite d to: 

a.  Panelboards 

b.  Disconnect Switches and Enclosed Circuit Breakers 

c.  Elevator Control Panels 

d.  Control Panels of Multi-Motor and Combination Load Equipment of 

Air Conditioning and Refrigeration Equipment. 

e.  Industrial Control Panels 
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f.  Example: 

Panel A 

480Y/277 Volt 

Fed from MSB 

Circuit 3 

Available Fault Current. 

49,058 Amperes 

Date Calculated 

08/01/17 

2.  The following equipment shall be permanently labele d by the 

manufacturer on the exterior of the control panel w ith the 

equipment’s Short Circuit Current Rating (SCCR): 

a.  Hermetic refrigerant motor compressors and equipmen t. NEC article 

440.4(B). 

b.  Industrial control panels. NEC article 409.110(4). 

c.  Motor Controllers. NEC Article 430.8. 

d.  Elevator control panels.  

---END--- 
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SECTION 26 08 00 

COMMISSIONING OF ELECTRICAL SYSTEMS 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. The requirements of this Section apply to all se ctions of Division 26.  

B. This project will have selected building systems  commissioned.  The 

complete list of equipment and systems to be commis sioned is specified 

in Section 01 91 00 GENERAL COMMISSIONING REQUIREME NTS.  The 

commissioning process, which the Contractor is resp onsible to execute, 

is defined in Section 01 91 00 GENERAL COMMISSIONIN G REQUIRMENTS.  A 

Commissioning Agent (CxA) appointed by the VA will manage the 

commissioning process. 

1.2 RELATED WORK 

A.  Section 01 00 00 GENERAL REQUIREMENTS. 

B.  Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS . 

C.  Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, AND S AMPLES. 

1.3 SUMMARY 

A. This Section includes requirements for commissio ning the Facility 

electrical systems, related subsystems and related equipment.  This 

Section supplements the general requirements specif ied in Section 01 91 

00 General Commissioning Requirements. 

B. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for more 

details regarding processes and procedures as well as roles and 

responsibilities for all Commissioning Team members . 

1.4 DEFINITIONS 

A. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for 

definitions.   

1.5 COMMISSIONED SYSTEMS 

A. Commissioning of a system or systems specified i n Division 26 is part 

of the construction process. Documentation and test ing of these 

systems, as well as training of the VA’s Operation and Maintenance 

personnel in accordance with the requirements of Se ction 01 91 00 and 

of Division 26, is required in cooperation with the  VA and the 

Commissioning Agent.   
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B. The Facility electrical systems commissioning wi ll include the systems 

listed in Section 01 91 00 General Commissioning Re quirements: 

1.6 SUBMITTALS 

A.  The commissioning process requires review of select ed Submittals that 

pertain to the systems to be commissioned.  The Com missioning Agent 

will provide a list of submittals that will be revi ewed by the 

Commissioning Agent.  This list will be reviewed an d approved by the VA 

prior to forwarding to the Contractor.  Refer to Se ction 01 33 23 SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES for further det ails.   

B.  The commissioning process requires Submittal review  simultaneously with 

engineering review. Specific submittal requirements  related to the 

commissioning process are specified in Section 01 9 1 00 GENERAL 

COMMISSIONING REQUIREMENTS. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 CONSTRUCTION INSPECTIONS 

A. Commissioning of Electrical systems will require  inspection of 

individual elements of the electrical systems const ruction throughout 

the construction period.  The Contractor shall coor dinate with the 

Commissioning Agent in accordance with Section 01 9 1 00 and the 

Commissioning plan to schedule electrical systems i nspections as 

required to support the Commissioning Process. 

3.2 PRE-FUNCTIONAL CHECKLISTS 

A. The Contractor shall complete Pre-Functional Che cklists to verify 

systems, subsystems, and equipment installation is complete and systems 

are ready for Systems Functional Performance Testin g.  The 

Commissioning Agent will prepare Pre-Functional Che cklists to be used 

to document equipment installation.  The Contractor  shall complete the 

checklists.  Completed checklists shall be submitte d to the VA and to 

the Commissioning Agent for review.  The Commission ing Agent may spot 

check a sample of completed checklists.  If the Com missioning Agent 

determines that the information provided on the che cklist is not 

accurate, the Commissioning Agent will return the m arked-up checklist 

to the Contractor for correction and resubmission.  If the 

Commissioning Agent determines that a significant n umber of completed 

checklists for similar equipment are not accurate, the Commissioning 

Agent will select a broader sample of checklists fo r review.  If the 
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Commissioning Agent determines that a significant n umber of the broader 

sample of checklists is also inaccurate, all the ch ecklists for the 

type of equipment will be returned to the Contracto r for correction and 

resubmission.  Refer to SECTION 01 91 00 GENERAL CO MMISSIONING 

REQUIREMENTS for submittal requirements for Pre-Fun ctional Checklists, 

Equipment Startup Reports, and other commissioning documents. 

3.3 CONTRACTORS TESTS 

A. Contractor tests as required by other sections o f Division 26 shall be 

scheduled and documented in accordance with Section  01 00 00 GENERAL 

REQUIREMENTS.  All testing shall be incorporated in to the project 

schedule.  Contractor shall provide no less than 7 calendar days’ 

notice of testing.  The Commissioning Agent will wi tness selected 

Contractor tests at the sole discretion of the Comm issioning Agent.  

Contractor tests shall be completed prior to schedu ling Systems 

Functional Performance Testing.   

3.4 SYSTEMS FUNCTIONAL PERFORMANCE TESTING   

A. The Commissioning Process includes Systems Funct ional Performance 

Testing that is intended to test systems functional  performance under 

steady state conditions, to test system reaction to  changes in 

operating conditions, and system performance under emergency 

conditions.  The Commissioning Agent will prepare d etailed Systems 

Functional Performance Test procedures for review a nd approval by the 

Resident Engineer.  The Contractor shall review and  comment on the 

tests prior to approval.  The Contractor shall prov ide the required 

labor, materials, and test equipment identified in the test procedure 

to perform the tests.  The Commissioning Agent will  witness and 

document the testing.  The Contractor shall sign th e test reports to 

verify tests were performed.  See Section 01 91 00 GENERAL 

COMMISSIONING REQUIREMENTS, for additional details.  

3.5 TRAINING OF VA PERSONNEL 

A. Training of the VA operation and maintenance per sonnel is required in 

cooperation with the Resident Engineer and Commissi oning Agent.  

Provide competent, factory authorized personnel to provide instruction 

to operation and maintenance personnel concerning t he location, 

operation, and troubleshooting of the installed sys tems.  Contractor 

shall submit training agendas and trainer resumes i n accordance with 

the requirements of Section 01 91 00.  The instruct ion shall be 
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scheduled in coordination with the VA Resident Engi neer after 

submission and approval of formal training plans.   Refer to Section 01 

91 00 GENERAL COMMISSIONING REQUIREMENTS and Divisi on 26 Sections for 

additional Contractor training requirements. 

----- END ----- 
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SECTION 26 09 23 
LIGHTING CONTROLS 

PART 1 -  GENERAL  

1.1  DESCRIPTION 

This section specifies the furnishing, installation  and connection of 

the lighting controls.  

1.2  RELATED WORK  

A.  Not Used 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

requirements that are common to more than one secti on of Division 26.  

C.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES 

(600 VOLTS AND BELOW): Cables and wiring.  

D.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents.  

E.  Section 26 24 16, PANELBOARDS: Panelboard enclosure  and interior 

bussing used for lighting control panels. 

F.  Section 26 27 26, WIRING DEVICES: Wiring devices us ed for control of 

the lighting systems. 

G.  Section 26 51 00, INTERIOR LIGHTING: Luminaire ball ast and drivers used 

in control of lighting systems. 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit the following information for each type of l ighting 

controls. 

b.  Material and construction details. 

c.  Physical dimensions and description. 

d.  Wiring schematic and connection diagram. 

e.  Installation details. 

2.  Manuals:  
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a.  Submit, simultaneously with the shop drawings, comp lete 

maintenance and operating manuals, including techni cal data 

sheets, wiring diagrams, and information for orderi ng replacement 

parts. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications:  Two weeks prior to final inspectio n, submit the 

following.  

a.  Certification by the Contractor that the lighting c ontrol systems 

have been properly installed and tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  National Electrical Manufacturer's Association (NEM A): 

C136.10-10.............. American National Standard for Roadway and Area 

Lighting Equipment —Locking-Type Photocontrol 

Devices and Mating Receptacles —Physical and 

Electrical Interchangeability and Testing 

ICS-1-15................ Standard for Industrial Control and Systems 

General Requirements 

ICS-2-05................Standard for Industrial Con trol and Systems: 

Controllers, Contractors, and Overload Relays 

Rated Not More than 2000 Volts AC or 750 Volts 

DC: Part 8 - Disconnect Devices for Use in 

Industrial Control Equipment 

ICS-6-16................ Standard for Industrial Controls and Systems 

Enclosures 

C.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC)  

D.  Underwriters Laboratories, Inc. (UL):  

20-10...................Standard for General-Use Sn ap Switches 

98-16...................Enclosed and Dead-Front Swi tches 

773-16..................Standard for Plug-In Lockin g Type Photocontrols 

for Use with Area Lighting 
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773A-16.................Nonindustrial Photoelectric  Switches for 

Lighting Control 

916-15..................Standard for Energy Managem ent Equipment 

Systems 

917-06..................Clock Operated Switches 

924-16..................Emergency Lighting and Powe r Equipment (for use 

when controlling emergency circuits). 

PART 2 -  PRODUCTS  

2.1  ELECTRONIC TIME SWITCHES – NOT USED  

2.2  ELECTROMECHANICAL-DIAL TIME SWITCHES – NOT USED 

2.3  OUTDOOR PHOTOELECTRIC SWITCHES – NOT USED 

2.4  TIMER SWITCHES – NOT USED 

2.5  CEILING-MOUNTED PHOTOELECTRIC SWITCHES 

A.  Solid-state, light-level sensor unit, with separate  relay unit. 

1.  Sensor Output:  Contacts rated to operate the assoc iated relay.  

Sensor shall be powered from the relay unit. 

2.  Relay Unit:  Dry contacts rated for 20A ballast loa d at 120 volt and 

277 volt, for 13A tungsten at 120 volt, and for 1 h p at 120 volt. 

3.  Monitoring Range:  108 to 2152 lx (10 to 200 fc), w ith an adjustment 

for turn-on and turn-off levels. 

4.  Time Delay:  Adjustable from 5 to 300 seconds, with  deadband 

adjustment. 

5.  Indicator:  Two LEDs to indicate the beginning of o n-off cycles. 

2.6  SKYLIGHT PHOTOELECTRIC SENSORS – NOT USED 

2.7  INDOOR OCCUPANCY SENSORS 

A.  Wall- or ceiling-mounting, solid-state units with a  power supply and 

relay unit, suitable for the environmental conditio ns in which 

installed. 

1.  Operation:  Unless otherwise indicated, turn lights  on when covered 

area is occupied and off when unoccupied; with a 1 to 15 minute 

adjustable time delay for turning lights off. 

2.  Sensor Output:  Contacts rated to operate the conne cted relay.  

Sensor shall be powered from the relay unit. 

3.  Relay Unit:  Dry contacts rated for 20A ballast loa d at 120 volt and 

277 volt, for 13A tungsten at 120 volt, and for 1 h p at 120 volt. 

4.  Mounting: 
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a.  Sensor:  Suitable for mounting in any position on a  standard 

outlet box. 

b.  Time-Delay and Sensitivity Adjustments:  Recessed a nd concealed 

behind hinged door. 

5.  Indicator:  LED, to show when motion is being detec ted during 

testing and normal operation of the sensor. 

6.  Bypass Switch:  Override the on function in case of  sensor failure. 

7.  Manual/automatic selector switch. 

8.  Automatic Light-Level Sensor:  Adjustable from 21.5  to 2152 lx (2 to 

200 fc); keep lighting off when selected lighting l evel is present. 

9.  Faceplate for Wall-Switch Replacement Type:  Refer to wall plate 

material and color requirements for toggle switches , as specified in 

Section 26 27 26, WIRING DEVICES. 

B.  Dual-technology Type:  Ceiling mounting; combinatio n PIR and ultrasonic 

detection methods, field-selectable. 

1.  Sensitivity Adjustment:  Separate for each sensing technology. 

2.  Detector Sensitivity:  Detect occurrences of 150 mm  (6-inch) minimum 

movement of any portion of a human body that presen ts a target of 

not less than 232 sq. cm (36 sq. in) and detect a p erson of average 

size and weight moving not less than 305 mm (12 inc hes) in either a 

horizontal or a vertical manner at an approximate s peed of 305 mm/s 

(12 inches/s). 

C.  Detection Coverage: Shall be sufficient to provide coverage as required 

by sensor locations shown on drawing. 

2.8  INDOOR VACANCY SENSOR SWITCH 

A.  Wall mounting, solid-state units with integral sens or and switch.  

1.  Operation:  Manually turn lights on with switch and  sensor detects 

vacancy to turn lights off. 

2.  Switch Rating: 120/277 volt, 1200 watts at 277 volt , 800 watts at 

120 volt unit. 

3.  Mounting: 

a.  Sensor:  Suitable for mounting in a standard switch  box. 

b.  Time-Delay and Sensitivity Adjustments:  Integral w ith switch and 

accessible for reprogramming without removing switc h.  

4.  Indicator:  LED, to show when motion is being detec ted during 

testing and normal operation of the sensor. 

5.  Switch:  Manual operation to turn lights on and ove rride lights off. 
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6.  Faceplate: Refer to wall plate material and color r equirements for 

toggle switches, as specified in Section 26 27 26, WIRING DEVICES. 

7.  Provide 0-10 volt dimming adjustment integral to se nsor switch where 

indicated. 

2.9  OUTDOOR MOTION SENSOR (PIR) – NOT USED 

2.10  LIGHTING CONTROL SYSTEM – RELAY PANEL TYPE (NETWORK) – NOT USED 

2.11  LIGHTING CONTROL SYSTEM – RELAY PANEL TYPE (STAND A LONE) – NOT USED 

2.12  LIGHTING CONTROL SYSTEM – DISTIBUTIVE RELAY TYPE – NOT USED 

2.13  LIGHTING CONTROL SYSTEM – CIRCUIT BREAKER PANEL TYP E – NOT USED 

2.14  LIGHTING CONTROL SYSTEM – DIGITAL ADDRESSABLE LIGHT ING INTERFACE (DALI) – 
NOT USED 

PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Installation shall be in accordance with the NEC, m anufacturer's 

instructions, as shown on the drawings, and as spec ified. 

B.  Aim outdoor photoelectric sensor according to manuf acturer's 

recommendations.  Set adjustable window slide for 1  footcandle turn-on. 

C.  Aiming for wall-mounted and ceiling-mounted motion sensor switches 

shall be per manufacturer’s recommendations. 

D.  Set occupancy sensor "on" duration to 15 minutes. 

E.  Locate photoelectric sensors as indicated and in ac cordance with the 

manufacturer's recommendations.  Adjust sensor for the available light 

level at the typical work plane for that area. 

F.  Label time switches and contactors with a unique de signation. 

G.  Program lighting control panels per schedule on dra wings. 

3.2  ACCEPTANCE CHECKS AND TESTS 

A.  Perform in accordance with the manufacturer's recom mendations. 

B.  Upon completion of installation, conduct an operati ng test to show that 

equipment operates in accordance with requirements of this section.  

C.  Test for full range of dimming ballast and dimming controls capability. 

Observe for visually detectable flicker over full d imming range.  

D.  Test occupancy sensors for proper operation.  Obser ve for light control 

over entire area being covered. 

E.  Not Used 

3.3  FOLLOW-UP VERIFICATION 

Upon completion of acceptance checks and tests, the  Contractor shall 

show by demonstration in service that the lighting control devices are 
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in good operating condition and properly performing  the intended 

function in the presence of COR. 

3.4  INSTRUCTION 

A.  Furnish the services of a factory-trained technicia n for one 8-hour 

training period for instructing personnel in the ma intenance and 

operation of the lighting control system on the dat es requested by the 

COR. 

B.  Contractor shall submit written instructions on tra ining and 

maintenance as reviewed in training session.  

 

- - - E N D - - - 
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SECTION 26 22 00 
LOW-VOLTAGE TRANSFORMERS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of low-voltage dry-type general-purpose tra nsformers, indicated 

as transformers in this section. 

1.2  RELATED WORK 

A.  Section 03 30 00, CAST-IN-PLACE CONCRETE:  Requirem ents for concrete 

equipment pads. 

B.  Not Used 

C.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

D.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

E.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

F.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit.  

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings:   

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Include electrical ratings, dimensions, mounting de tails, 

materials, required clearances, terminations, weigh t, temperature 

rise, wiring and connection diagrams, plan, front, side, and rear 

elevations, accessories, and device nameplate data.  

c.  Not Used 

2.  Manuals:  
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a.  Submit, simultaneously with the shop drawings, comp anion copies 

of complete maintenance and operating manuals inclu ding technical 

data sheets and wiring diagrams. 

1.)  Schematic signal and control diagrams, with all ter minals 

identified, matching terminal identification in the  

transformers. 

2.)  Include information for testing, repair, troublesho oting, 

assembly, disassembly, and factory recommended/requ ired 

periodic maintenance procedures and frequency.  

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the manufacturer that the transfor mers conform 

to the requirements of the drawings and specificati ons. 

b.  Certification by the Contractor that the transforme rs have been 

properly installed, adjusted, and tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  International Code Council (ICC): 

IBC-15..................International Building Code  

C.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

D.  National Electrical Manufacturers Association (NEMA ): 

TR 1-13.................Transformers, Step Voltage Regulators and 

Reactors 

ST 20-14................Dry Type Transformers for G eneral Applications 

E.  Underwriters Laboratories, Inc. (UL): 

UL 506-17...............Standard for Specialty Tran sformers 

UL 1561-11..............Dry-Type General Purpose an d Power Transformers 

F.  United States Department of Energy: 
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10 CFR Part 431.........Energy Efficiency Program f or Certain 

Commercial and Industrial Equipment 

PART 2 -  PRODUCTS 

2.1  TRANSFORMERS 

A.  Unless otherwise specified, transformers shall be i n accordance with 

NEMA, NFPA, UL and as shown on the drawings.  

B.  Transformers shall have the following features: 

1.  Self-cooled by natural convection, isolating windin gs, indoor dry-

type. Autotransformers will not be accepted, except  as specifically 

allowed for buck-boost applications. 

2.  Rating and winding connections shall be as shown on  the drawings. 

3.  Ratings shown on the drawings are for continuous du ty without the 

use of cooling fans. 

4.  Copper windings. 

5.  Insulation systems: 

a.  Transformers 30 kVA and larger: UL rated 220 °C (42 8 °F) system 

with an average maximum rise by resistance of 150 ° C (302 °F) in 

a maximum ambient of 40 °C (104 °F). 

b.  Transformers below 30 kVA: Same as for 30 kVA and l arger or UL 

rated 185 °C (365 °F) system with an average maximu m rise by 

resistance of 115 °C (239 °F) in a maximum ambient of 40 °C (104 

°F). 

6.  Core and coil assemblies:  

a.  Rigidly braced to withstand the stresses caused by short-circuit 

currents and rough handling during shipment. 

b.  Cores shall be grain-oriented, non-aging, and silic on steel. 

c.  Coils shall be continuous windings without splices except for 

taps. 

d.  Coil loss and core loss shall be minimized for effi cient 

operation. 

e.  Primary and secondary tap connections shall be braz ed or pressure 

type. 

f.  Coil windings shall have end filters or tie-downs f or maximum 

strength. 

7.  Average audible sound levels shall comply with NEMA . 

8.  If not shown on drawings, nominal impedance shall b e as permitted by 

NEMA. 
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9.  Single phase transformers rated 15 kVA through 25 k VA shall have two 

5% full capacity taps below normal rated primary vo ltage. All 

transformers rated 30 kVA and larger shall have two  2.5% full 

capacity taps above, and four 2.5% full capacity ta ps below normal 

rated primary voltage. 

10.  Core assemblies shall be grounded to their enclosur es with adequate 

flexible ground straps. 

11.  Enclosures: 

a.  Comprised of not less than code gauge steel. 

b.  Outdoor enclosures shall be NEMA 3R. 

c.  Temperature rise at hottest spot shall conform to N EMA Standards, 

and shall not bake and peel off the enclosure paint  after the 

transformer has been placed in service. 

d.  Ventilation openings shall prevent accidental acces s to live 

components. 

e.  The enclosure at the factory shall be thoroughly cl eaned and 

painted with manufacturer's prime coat and standard  finish. 

12.  Standard NEMA features and accessories, including g round pad, 

lifting provisions, and nameplate with the wiring d iagram and sound 

level indicated. 

13.  Dimensions and configurations shall conform to the spaces designated 

for their installations. 

14.  Transformers shall meet the energy conservation sta ndards for 

transformers per the United States Department of En ergy’s 10 CFR 

Part 431. 

2.2  NONLINEAR TRANSFORMERS – NOT USED 

2.3  ENERGY SAVING HARMONIC CANCELLATION TRANSFORMERS – NOT USED 

2.4  BUCK-BOOST TRANSFORMERS – NOT USED 

PART 3 -  EXECUTION 

3.1  INSTALLATION  

A.  Installation of transformers shall be in accordance  with the NEC, as 

recommended by the equipment manufacturer and as sh own on the drawings.  

B.  Anchor transformers with rustproof bolts, nuts, and  washers, in 

accordance with manufacturer’s instructions, and as  shown on drawings. 

C.  Not Used 

D.  Not Used 
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E.  Install transformers with manufacturer's recommende d clearance from 

wall and adjacent equipment for air circulation. Mi nimum clearance 

shall be 150 mm (6 inches). 

F.  Install transformers on vibration pads designed to suppress transformer 

noise and vibrations. 

3.2  ACCEPTANCE CHECKS AND TESTS   

A.  Perform tests in accordance with the manufacturer's  recommendations.  

In addition, include the following: 

1.  Visual Inspection and Tests: 

a.  Compare equipment nameplate data with specification s and approved 

shop drawings. 

b.  Inspect physical and mechanical condition. 

c.  Inspect all field-installed bolted electrical conne ctions, using 

the calibrated torque-wrench method to verify tight ness of 

accessible bolted electrical connections. 

d.  Perform specific inspections and mechanical tests a s recommended 

by manufacturer.  

e.  Verify correct equipment grounding.  

f.  Verify proper secondary phase-to-phase and phase-to -neutral 

voltage after energization and prior to connection to loads.  

3.3  FOLLOW-UP VERIFICATION 

A.  Upon completion of acceptance checks, settings, and  tests, the 

contractor shall demonstrate that the transformers are in good 

operating condition, and properly performing the in tended function.  

---END--- 
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SECTION 26 24 16 
PANELBOARDS 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

panelboards. 

1.2 RELATED WORK 

A.  Not Used 

B.  Not Used 

C.  Not Used 

D.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

E.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors.  

F.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

G.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits.  

H.  Section 26 05 73, OVERCURRENT PROTECTIVE DEVICE COO RDINATION STUDY: 

Short circuit and coordination study, and requireme nts for a 

coordinated electrical system. 

I.  Not Used 

J.  Not Used 

1.3 QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Include electrical ratings, dimensions, mounting de tails, 

materials, required clearances, terminations, weigh t, circuit 
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breakers, wiring and connection diagrams, accessori es, and 

nameplate data. 

c.  Not Used 

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp lete 

maintenance and operating manuals including technic al data 

sheets, wiring diagrams, and information for orderi ng circuit 

breakers and replacement parts. 

1.)  Include schematic diagrams, with all terminals iden tified, 

matching terminal identification in the panelboards . 

2.)  Include information for testing, repair, troublesho oting, 

assembly, and disassembly. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the manufacturer that the panelboa rds conform to 

the requirements of the drawings and specifications . 

b.  Certification by the Contractor that the panelboard s have been 

properly installed, adjusted, and tested. 

1.5 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  International Code Council (ICC): 

IBC-15..................International Building Code  

C.  National Electrical Manufacturers Association (NEMA ):  

PB 1-11.................Panelboards  

250-14..................Enclosures for Electrical E quipment (1,000V 

Maximum) 

D.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC) 

70E-18..................Standard for Electrical Saf ety in the Workplace 

E.  Underwriters Laboratories, Inc. (UL):  

50-15...................Enclosures for Electrical E quipment  
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67-09...................Panelboards 

489-16..................Molded Case Circuit Breaker s and Circuit 

Breaker Enclosures 

PART 2 -  PRODUCTS 

2.1 GENERAL REQUIREMENTS 

A.  Panelboards shall be in accordance with NEC, NEMA, UL, as specified, 

and as shown on the drawings.  

B.  Panelboards shall have main breaker or main lugs, b us size, voltage, 

phases, number of circuit breaker mounting spaces, top or bottom feed, 

flush or surface mounting, branch circuit breakers,  and accessories as 

shown on the drawings. 

C.  Panelboards shall be completely factory-assembled w ith molded case 

circuit breakers and integral accessories as shown on the drawings or 

specified herein.  

D.  Non-reduced size copper bus bars, rigidly supported  on molded 

insulators, and fabricated for bolt-on type circuit  breakers. 

E.  Bus bar connections to the branch circuit breakers shall be the 

“distributed phase” or “phase sequence” type.  

F.  Mechanical lugs furnished with panelboards shall be  cast, stamped, or 

machined metal alloys listed for use with the condu ctors to which they 

will be connected. 

G.  Neutral bus shall be 100% rated, mounted on insulat ed supports.  

H.  Grounding bus bar shall be equipped with screws or lugs for the 

connection of equipment grounding conductors.  

I.  Bus bars shall be braced for the available short-ci rcuit current as 

shown on the drawings, but not be less than 10,000 A symmetrical for 

120/208 V and 120/240 V panelboards, and 65,000 A s ymmetrical for 

277/480 V panelboards. 

J.  In two-section panelboards, the main bus in each se ction shall be full 

size. The first section shall be furnished with sub feed lugs on the 

line side of main lugs only, or through-feed lugs f or main breaker type 

panelboards and have field-installed cable connecti ons to the second 

section as shown on the drawings. Panelboard sectio ns with tapped bus 

or crossover bus are not acceptable. 

K.  Series-rated panelboards are not permitted. 

2.2 ENCLOSURES AND TRIMS 

A.  Enclosures: 
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1.  Provide galvanized steel enclosures, with NEMA rati ng as shown on 

the drawings or as required for the environmental c onditions in 

which installed.  

2.  Enclosures shall not have ventilating openings. 

3.  Enclosures may be of one-piece formed steel or of f ormed sheet steel 

with end and side panels welded, riveted, or bolted  as required. 

4.  Provide manufacturer’s standard option for prepunch ed knockouts on 

top and bottom endwalls. 

5.  Include removable inner dead front cover, independe nt of the 

panelboard cover. 

B.  Trims: 

1.  Hinged “door-in-door” type. 

2.  Interior hinged door with hand-operated latch or la tches, as 

required to provide access only to circuit breaker operating 

handles, not to energized parts. 

3.  Outer hinged door shall be securely mounted to the panelboard 

enclosure with factory bolts, screws, clips, or oth er fasteners, 

requiring a key or tool for entry. Hand-operated la tches are not 

acceptable. 

4.  Inner and outer doors shall open left to right. 

5.  Trims shall be flush or surface type as shown on th e drawings.  

2.3 MOLDED CASE CIRCUIT BREAKERS  

A.  Circuit breakers shall be per UL, NEC, as shown on the drawings, and as 

specified.  

B.  Circuit breakers shall be bolt-on type. 

C.  Circuit breakers shall have minimum interrupting ra ting as required to 

withstand the available fault current, but not less  than:   

1.  Not Used 

2.  Not Used 

3.  277/480 V Panelboard: 65,000 A symmetrical. 

D.  Circuit breakers shall have automatic, trip free, n on-adjustable, 

inverse time, and instantaneous magnetic trips for less than 400 A 

frame. Circuit breakers with 400 A frames and above  shall have magnetic 

trip, adjustable from 5x to 10x. Breaker magnetic t rip setting shall be 

set to maximum, unless otherwise noted. 

E.  Circuit breaker features shall be as follows: 

1.  A rugged, integral housing of molded insulating mat erial.  
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2.  Silver alloy contacts. 

3.  Arc quenchers and phase barriers for each pole. 

4.  Quick-make, quick-break, operating mechanisms. 

5.  A trip element for each pole, thermal magnetic type  with long time 

delay and instantaneous characteristics, a common t rip bar for all 

poles and a single operator. 

6.  Electrically and mechanically trip free. 

7.  An operating handle which indicates closed, tripped , and open 

positions. 

8.  An overload on one pole of a multi-pole breaker sha ll automatically 

cause all the poles of the breaker to open. 

9.  Ground fault current interrupting breakers, shunt t rip breakers, 

lighting control breakers (including accessories to  switch line 

currents), or other accessory devices or functions shall be provided 

where shown on the drawings.  

10.  For circuit breakers being added to existing panelb oards, coordinate 

the breaker type with existing panelboards. Modify the panel 

directory accordingly.  

2.4 SURGE PROTECTIVE DEVICES  

A.  Where shown on the drawings, furnish panelboards wi th integral surge 

protective devices. Refer to Section 26 43 13, SURG E PROTECTIVE 

DEVICES. 

PART 3 -  EXECUTION  

3.1 INSTALLATION  

A.  Installation shall be in accordance with the manufa cturer’s 

instructions, the NEC, as shown on the drawings, an d as specified.  

B.  Locate panelboards so that the present and future c onduits can be 

conveniently connected.  

C.  Not Used 

D.  Install a printed schedule of circuits in each pane lboard after 

approval by the COR.  Schedules shall reflect final  load descriptions, 

room numbers, and room names connected to each circ uit breaker.  

Schedules shall be printed on the panelboard direct ory cards and be 

installed in the appropriate panelboards 

E.  Mount panelboards such that the maximum height of t he top circuit 

breaker above the finished floor shall not exceed 1 980 mm (78 inches).  

F.  Provide blank cover for each unused circuit breaker  mounting space. 
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G.  Not Used  

H.  Not Used 

I.  Panelboard enclosures shall not be used for conduct ors feeding through, 

spliced, or tapping off to other enclosures or devi ces.    

3.2 ACCEPTANCE CHECKS AND TESTS   

A.  Perform in accordance with the manufacturer's recom mendations. In 

addition, include the following: 

1.  Visual Inspection and Tests: 

a.  Compare equipment nameplate data with specification s and approved 

shop drawings. 

b.  Inspect physical, electrical, and mechanical condit ion. 

c.  Verify appropriate anchorage and required area clea rances. 

d.  Verify that circuit breaker sizes and types corresp ond to 

approved shop drawings. 

e.  To verify tightness of accessible bolted electrical  connections, 

use the calibrated torque-wrench method or perform thermographic 

survey after energization. 

f.  Vacuum-clean enclosure interior.  Clean enclosure e xterior. 

3.3 FOLLOW-UP VERIFICATION 

A.  Upon completion of acceptance checks, settings, and  tests, the 

Contractor shall demonstrate that the panelboards a re in good operating 

condition and properly performing the intended func tion. 

---END--- 
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SECTION 26 27 26 
WIRING DEVICES 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of wiring devices. 

1.2 RELATED WORK 

A.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

electrical requirements that are common to more tha n one section of 

Division 26. 

B.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Cables and wiring. 

C.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents. 

D.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit and 

boxes.  

E.  Section 26 51 00, INTERIOR LIGHTING: Fluorescent ba llasts and LED 

drivers for use with manual dimming controls. 

1.3 QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Include electrical ratings, dimensions, mounting de tails, 

construction materials, grade, and termination info rmation. 

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp anion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets and information for ordering replacement 

parts. 
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b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the manufacturer that the wiring d evices conform 

to the requirements of the drawings and specificati ons. 

b.  Certification by the Contractor that the wiring dev ices have been 

properly installed and adjusted. 

1.5 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are referenced in the text  by basic 

designation only. 

B.  National Electrical Manufacturers Association (NEMA ): 

WD 1-99(R2015)..........General Color Requirements for Wiring Devices 

WD 6-16 ................Wiring Devices – Dimensiona l Specifications 

C.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

99-18...................Health Care Facilities 

D.  Underwriter’s Laboratories, Inc. (UL): 

5-16....................Surface Metal Raceways and Fittings 

20-10...................General-Use Snap Switches 

231-16..................Power Outlets 

467-13..................Grounding and Bonding Equip ment 

498-17..................Attachment Plugs and Recept acles 

943-16..................Ground-Fault Circuit-Interr upters  

1449-14.................Surge Protective Devices 

1472-15.................Solid State Dimming Control s 

PART 2 -  PRODUCTS 

2.1 RECEPTACLES 

A.  General: All receptacles shall comply with NEMA, NF PA, UL, and as shown 

on the drawings. 

1.  Mounting straps shall be nickel plated brass, brass , nickel plated 

steel or galvanize steel with break-off plaster ear s and shall 

include a self-grounding feature.  Terminal screws shall be brass, 

brass plated or a copper alloy metal. 
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2.  Receptacles shall have provisions for back wiring w ith separate 

metal clamp type terminals (four minimum) and side wiring from four 

captively held binding screws. 

B.  Duplex Receptacles - Hospital-grade: shall be liste d for hospital 

grade, single phase, 20 ampere, 120 volts, 2-pole, 3-wire, NEMA 5-20R, 

with break-off feature for two-circuit operation.  

1.  Bodies shall be ivory in color.  Bodies shall be re d in color for 

devices on emergency circuits.  

2.  Switched duplex receptacles shall be wired so that only the top 

receptacle is switched. The lower receptacle shall be unswitched. 

3.  Not Used 

4.  Ground Fault Current Interrupter (GFCI) Duplex Rece ptacles: Shall be 

an integral unit, hospital-grade, suitable for moun ting in a 

standard outlet box, with end-of-life indication an d provisions to 

isolate the face due to improper wiring. GFCI recep tacles shall be 

self-test receptacles in accordance with UL 943. 

a.  Ground fault interrupter shall consist of a differe ntial current 

transformer, self-test, solid state sensing circuit ry and a 

circuit interrupter switch. Device shall have nomin al sensitivity 

to ground leakage current of 4-6 milliamperes and s hall function 

to interrupt the current supply for any value of gr ound leakage 

current above five milliamperes (+ or – 1 milliampe re) on the 

load side of the device. Device shall have a minimu m nominal 

tripping time of 0.025 second. 

b.  Self-test function shall be automatically initiated  within 5 

seconds after power is activated to the receptacles . Self-test 

function shall be periodically and automatically pe rformed every 

3 hours or less. 

c.  End-of-life indicator light shall be a persistent f lashing or 

blinking light to indicate that the GFCI receptacle  is no longer 

in service.  

5.  Tamper-Resistant Duplex Receptacles: 

a.  Bodies shall be ivory in color.  Bodies shall be re d in color for 

devices on emergency circuits. 

1.)  Shall permit current to flow only while a standard plug is 

in the proper position in the receptacle. 
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2.)  Screws exposed while the wall plates are in place s hall be 

the tamperproof type. 

C.  Duplex Receptacles – Non-hospital Grade:  shall be the same as duplex 

receptacles – hospital grade in accordance with sec tions 2.1A and 2.1B 

of this specification, except for the hospital grad e listing. 

1.  Not Used 

D.  Receptacles - 20, 30, and 50 ampere, 250 Volts: Sha ll be complete with 

appropriate cord grip plug. 

E.  Weatherproof Receptacles: Shall consist of a duplex  receptacle, mounted 

in box with a gasketed, weatherproof, cast metal co ver plate and cap 

over each receptacle opening. The cap shall be perm anently attached to 

the cover plate by a spring-hinged flap. The weathe rproof integrity 

shall not be affected when heavy duty specification  or hospital grade 

attachment plug caps are inserted. Cover plates on outlet boxes mounted 

flush in the wall shall be gasketed to the wall in a watertight manner.  

F.  Surge Protective (TVSS) Receptacles shall have inte gral surge 

suppression in line to ground, line to neutral, and  neutral to ground 

modes. 

1.  TVSS Components:  Multiple metal-oxide varistors; w ith a nominal 

clamp-level rating of 400 Volts, and minimum single  transient pulse 

energy dissipation of 210 Joules. 

2.  Active TVSS Indication:  LED, visible in face of de vice to indicate 

device is active or no longer in service. 

G.  Not Used 

2.2 TOGGLE SWITCHES 

A.  Toggle switches shall be totally enclosed tumbler t ype with nylon 

bodies.  Handles shall be ivory in color unless oth erwise specified or 

shown on the drawings. 

1.  Switches installed in hazardous areas shall be expl osion-proof type 

in accordance with the NEC and as shown on the draw ings.  

2.  Shall be single unit toggle, butt contact, quiet AC  type, heavy-duty 

general-purpose use with an integral self grounding  mounting strap 

with break-off plasters ears and provisions for bac k wiring with 

separate metal wiring clamps and side wiring with c aptively held 

binding screws. 

3.  Switches shall be rated 20 amperes at 120-277 Volts  AC. 
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2.3 MANUAL DIMMING CONTROL  

A.  Electronic full-wave manual slide dimmer with on/of f switch and audible 

frequency and EMI/RFI suppression filters. 

B.  Manual dimming controls shall be fully compatible w ith LED dimming 

driver and be approved by the driver manufacturer, shall operate over 

full specified dimming range, and shall not degrade  the performance or 

rated life of the electronic dimming ballast and la mp. 

C.  Provide single-pole, three-way or four-way, as show n on the drawings. 

D.  Manual dimming control and faceplates shall be ivor y in color unless 

otherwise specified. 

2.4 WALL PLATES 

A.  Wall plates for switches and receptacles shall be t ype 302 stainless 

steel. Oversize plates are not acceptable.  

B.  Not Used 

C.  For receptacles or switches mounted adjacent to eac h other, wall plates 

shall be common for each group of receptacles or sw itches. 

D.  In areas requiring tamperproof wiring devices, wall  plates shall be 

type 302 stainless steel, and shall have tamperproo f screws and beveled 

edges. 

E.  Duplex Receptacles on Emergency Circuit:  Wall plat es shall be type 302 

stainless steel, with the word “EMERGENCY” engraved  in 6 mm (1/4 inch) 

red letters. 

2.5 SURFACE MULTIPLE-OUTLET ASSEMBLIES 

A.  Shall have the following features: 

1.  Enclosures: 

a.  Thickness of steel shall be not less than 1 mm (0.0 40 inch) for 

base and cover.  Nominal dimensions shall be 40 mm x 70 mm (1-1/2 

inches by 2-3/4 inches) with inside cross sectional  area not less 

than 2250 square mm (3-1/2 square inches). The encl osures shall 

be thoroughly cleaned, phosphatized, and painted at  the factory 

with primer and the manufacturer's standard baked e namel finish. 

2.  Receptacles shall be duplex.  See paragraph 'RECEPT ACLES' in this 

Section. Device cover plates shall be the manufactu rer's standard 

corrosion resistant finish and shall not exceed the  dimensions of 

the enclosure. 

3.  Unless otherwise shown on drawings, receptacle spac ing shall be 600 

mm (24 inches) on centers. 
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4.  Conductors shall be as specified in Section 26 05 1 9, LOW-VOLTAGE 

ELECTRICAL POWER CONDUCTORS AND CABLE. 

5.  Installation fittings shall be the manufacturer’s s tandard bends, 

offsets, device brackets, inside couplings, wire cl ips, elbows, and 

other components as required for a complete system.  

6.  Bond the assemblies to the branch circuit conduit s ystem. 

PART 3 -  EXECUTION 

3.1 INSTALLATION 

A.  Installation shall be in accordance with the NEC an d as shown as on the 

drawings. 

B.  Install wiring devices after wall construction and painting is 

complete. 

C.  The ground terminal of each wiring device shall be bonded to the outlet 

box with an approved green bonding jumper, and also  connected to the 

branch circuit equipment grounding conductor. 

D.  Outlet boxes for toggle switches and manual dimming  controls shall be 

mounted on the strike side of doors.  

E.  Provide barriers in multi-gang outlet boxes to comp ly with the NEC. 

F.  Coordinate the electrical work with the work of oth er trades to ensure 

that wiring device flush outlets are positioned wit h box openings 

aligned with the face of the surrounding finish mat erial.  Pay special 

attention to installations in cabinet work, and in connection with 

laboratory equipment. 

G.  Exact field locations of floors, walls, partitions,  doors, windows, and 

equipment may vary from locations shown on the draw ings. Prior to 

locating sleeves, boxes and chases for roughing-in of conduit and 

equipment, the Contractor shall coordinate exact fi eld location of the 

above items with other trades.   

H.  Install wall switches 1.2 M (48 inches) above floor , with the toggle 

OFF position down. 

I.  Install wall dimmers 1.2 M (48 inches) above floor.  

J.  Install receptacles 450 mm (18 inches) above floor,  and 152 mm (6 

inches) above counter backsplash or workbenches.  I nstall specific-use 

receptacles at heights shown on the drawings. 

K.  Install horizontally mounted receptacles with the g round pin to the 

right. 
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L.  When required or recommended by the manufacturer, u se a torque 

screwdriver.  Tighten unused terminal screws. 

M.  Label device plates with a permanent adhesive label  listing panel and 

circuit feeding the wiring device. 

3.2 ACCEPTANCE CHECKS AND TESTS   

A.  Perform manufacturer’s required field checks in acc ordance with the 

manufacturer's recommendations, and the latest NFPA  99. In addition, 

include the following: 

1.  Visual Inspection and Tests: 

a.  Inspect physical and electrical conditions. 

b.  Vacuum-clean surface metal raceway interior.  Clean  metal raceway 

exterior. 

c.  Test wiring devices for damaged conductors, high ci rcuit 

resistance, poor connections, inadequate fault curr ent path, 

defective devices, or similar problems using a port able 

receptacle tester.  Correct circuit conditions, rem ove 

malfunctioning units and replace with new, and rete st as 

specified above. 

d.  Test GFCI receptacles. 

2.  Receptacle testing in the Patient Care Spaces, such  as retention 

force of the grounding blade of each receptacle, sh all comply with the 

latest NFPA 99. 

---END--- 
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SECTION 26 29 11 
MOTOR CONTROLLERS 

PART 1 -  GENERAL  

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of motor controllers, including all low- vo ltage motor 

controllers and manual motor controllers, indicated  as motor 

controllers in this section, and low-voltage variab le speed motor 

controllers.  

B.  Motor controllers, whether furnished with the equip ment specified in 

other sections or otherwise (with the exception of elevator motor 

controllers specified in Division 14 and fire pump controllers 

specified in Division 21), shall meet this specific ation and all 

related specifications.   

1.2  RELATED WORK 

A.  Not Used 

B.  Not Used 

C.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

D.  Not Used 

E.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

F.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

G.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits. 

H.  Not Used 

I.  Not Used 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings:   
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a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Include electrical ratings, dimensions, weights, mo unting 

details, materials, overcurrent protection devices,  overload 

relays, sizes of enclosures, wiring diagrams, start ing 

characteristics, interlocking, and accessories.  

c.  Not Used 

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp anion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets and information for ordering replacement 

parts.  

1.)  Not Used  

2.)  Not Used  

3.)  Not Used 

4.)  Not Used 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the manufacturer that the motor co ntrollers 

conform to the requirements of the drawings and spe cifications. 

b.  Certification by the Contractor that the motor cont rollers have 

been properly installed, adjusted, and tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by basic 

designation only. 

B.  Institute of Electrical and Electronic Engineers (I EEE): 

519-14..................Recommended Practices and R equirements for 

Harmonic Control in Electrical Power Systems 

C37.90.1-12.............Standard Surge Withstand Ca pability (SWC) Tests 

for Relays and Relay Systems Associated with 

Electric Power Apparatus 

C.  International Code Council (ICC): 
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IBC-15..................International Building Code  

D.  National Electrical Manufacturers Association (NEMA ):  

ICS 1-00(R2015).........Industrial Control and Syst ems: General 

Requirements 

ICS 1.1-84(R2015).......Safety Guidelines for the A pplication, 

Installation and Maintenance of Solid State 

Control 

ICS 2-00(R2005).........Industrial Control and Syst ems Controllers, 

Contactors, and Overload Relays Rated 600 Volts 

ICS 4-15................Industrial Control and Syst ems: Terminal Blocks 

ICS 6-93(R2016).........Industrial Control and Syst ems: Enclosures 

ICS 7-14................Industrial Control and Syst ems: Adjustable-

Speed Drives 

ICS 7.1-14..............Safety Standards for Constr uction and Guide for 

Selection, Installation, and Operation of 

Adjustable-Speed Drive Systems 

E.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC)  

F.  Underwriters Laboratories Inc. (UL):  

508A-13.................Industrial Control Panels 

508C-16.................Power Conversion Equipment 

1449-14.................Surge Protective Devices 

PART 2 -  PRODUCTS 

2.1  MOTOR CONTROLLERS – NOT USED 

2.2  MANUAL MOTOR CONTROLLERS – NOT  USED 

2.3  MAGNETIC MOTOR CONTROLLERS – NOT USED 

2.4  REDUCED VOLTAGE MOTOR CONTROLLERS – NOT USED 

2.5  MEDIUM-VOLTAGE MOTOR CONTROLLERS – NOT USED 

2.6  LOW-VOLTAGE VARIABLE SPEED MOTOR CONTROLLERS (VSMC) 

A.  VSMC shall be in accordance with applicable portion s of 2.1 above. 

B.  VSMC shall be electronic, with adjustable frequency  and voltage, three 

phase output, capable of driving standard NEMA B th ree-phase induction 

motors at full rated speed.  The control technique shall be pulse width 

modulation (PWM), where the VSMC utilizes a full wa ve bridge design 

incorporating diode rectifier circuitry.  Silicon c ontrolled rectifiers 

or other control techniques are not acceptable.  
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C.  VSMC shall be suitable for variable torque loads an d shall be capable 

of providing sufficient torque to allow the motor t o break away from 

rest upon first application of power.  

D.  VSMC shall be capable of operating within voltage p arameters of plus 10 

to minus 15 percent of line voltage and be suitably  rated for the full 

load amps of the maximum watts (HP) within its clas s. 

E.  Minimum efficiency shall be 95 percent at 100 perce nt speed and 85 

percent at 50 percent speed. 

F.  The displacement power factor of the VSMC shall not  be less than 95 

percent under any speed or load condition. 

G.  VSMC current and voltage harmonic distortion shall not exceed the 

values allowed by IEEE 519. 

H.  Operating and Design Conditions: 

1.  Elevation: 1470 feet Above Mean Sea Level (AMSL) 

2.  Temperatures: Maximum +90 oF Minimum -10 oF 

3.  Relative Humidity: 95% 

4.  VSMC Location: Un-Air conditioned space 

I.  VSMC shall have the following features: 

1.  Isolated power for control circuits. 

2.  Manually resettable overload protection for each ph ase. 

3.  Adjustable current limiting circuitry to provide so ft motor 

starting. Maximum starting current shall not exceed  200 percent of 

motor full load current. 

4.  Independent acceleration and deceleration time adju stment, manually 

adjustable from 2 to 2000 seconds. Set timers to th e equipment 

manufacturer's recommended time in the above range.  

5.  Control input circuitry that will accept 4 to 20 mA  current or 0-10 

VDC voltage control signals from an external source . 

6.  Automatic frequency adjustment from 1 Hz to 300 Hz.   

7.  Circuitry to initiate an orderly shutdown when any of the conditions 

listed below occur. The VSMC shall not be damaged b y any of these 

electrical disturbances and shall automatically res tart when the 

conditions are corrected.  The VSMC shall be able t o restart into a 

rotating motor operating in either the forward or r everse direction 

and matching that frequency. 

a.  Incorrect phase sequence. 

b.  Single phasing. 
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c.  Overvoltage in excess of 10 percent. 

d.  Undervoltage in excess of 15 percent. 

e.  Running overcurrent above 110 percent (VSMC shall n ot 

automatically reset for this condition.) 

f.  Instantaneous overcurrent above 150 percent (VSMC s hall not 

automatically reset for this condition). 

g.  Short duration power outages of 12 cycles or less ( i.e., 

distribution line switching, generator testing, and  automatic 

transfer switch operations.)  

8.  Not Used  

9.  Automatic Reset/Restart:  Attempt three restarts af ter VSMC fault or 

on return of power after an interruption and before  shutting down 

for manual reset or fault correction, with adjustab le delay time 

between restart attempts. 

10.  Power-Interruption Protection:  To prevent motor fr om re-energizing 

after a power interruption until motor has stopped,  unless 

"Bidirectional Autospeed Search" feature is availab le and engaged. 

11.  Bidirectional Autospeed Search:  Capable of startin g VSMC into 

rotating loads spinning in either direction and ret urning motor to 

set speed in proper direction, without causing dama ge to VSMC, 

motor, or load. 

J.  VSMC shall include an input circuit breaker which w ill disconnect all 

input power, interlocked with the door so that the door cannot be 

opened with the circuit breaker in the closed posit ion.  

K.  VSMC shall include a 5% line reactor and a RFI/EMI filter. 

L.  Surge Suppression: Provide three-phase protection a gainst damage from 

supply voltage surges in accordance with UL 1449. 

M.  VSMC shall include front-accessible operator statio n, with sealed 

keypad and digital display, which allows complete p rogramming, 

operating, monitoring, and diagnostic capabilities.    

1.  Typical control functions shall include but not be limited to: 

a.  HAND-OFF-AUTOMATIC-RESET, with manual speed control  in HAND mode. 

b.  NORMAL-BYPASS. 

c.  NORMAL-TEST, which allows testing and adjusting of the VSMC while 

in bypass mode. 

2.  Typical monitoring functions shall include but not be limited to: 

a.  Output frequency (Hz). 
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b.  Motor speed and status (run, stop, fault). 

c.  Output voltage and current. 

3.  Typical fault and alarm functions shall include but  not be limited 

to: 

a.  Loss of input signal, under- and over-voltage, inve rter 

overcurrent, motor overload, critical frequency rej ection with 

selectable and adjustable deadbands, instantaneous line-to-line 

and line-to-ground overcurrent, loss-of-phase, reve rse-phase, and 

short circuit. 

b.  System protection indicators indicating that the sy stem has 

shutdown and will not automatically restart.   

N.  VSMC shall include two N.O. and two N.C. dry contac ts rated 120 Volts, 

10 amperes, 60 Hz. 

O.  Hardware, software, network interfaces, gateways, a nd programming to 

control and monitor the VSMC by control systems spe cified in other 

specification sections, including but not limited t o Divisions 22 and 

23. 

P.  Network communications ports:  As required for conn ectivity to control 

systems specified in other specification sections, including but not 

limited to Divisions 22 and 23. 

Q.  Communications protocols:  As required for communic ations with control 

systems specified in other specification sections, including but not 

limited to Divisions 22 and 23. 

R.  Bypass controller:  Provide contactor-style bypass,  arranged to bypass 

the inverter. 

1.  Inverter Output Contactor and Bypass Contactor:  Lo ad-break NEMA-

rated contactor. 

2.  Motor overload relays. 

3.  HAND-OFF-AUTOMATIC bypass control. 

S.  Bypass operation:  Transfers motor between inverter  output and bypass 

circuit, manually, automatically, or both.  VSMC sh all be capable of 

stable operation (starting, stopping, and running),  and control by fire 

alarm and detection systems,  with motor completely  disconnected from 

the inverter output.  Transfer between inverter and  bypass contactor 

and retransfer shall only be allowed with the motor  at zero speed. 

T.  Inverter Isolating Switch:  Provide non-load-break switch arranged to 

isolate inverter and permit safe troubleshooting an d testing of the 
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inverter, both energized and de-energized, while mo tor is operating in 

bypass mode.  Include padlockable, door-mounted han dle mechanism. 

PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Install motor controllers in accordance with the NE C, as shown on the 

drawings, and as recommended by the manufacturer. 

B.  Not Used 

C.  Install manual motor controllers in flush enclosure s in finished areas. 

D.  Set field-adjustable switches, auxiliary relays, ti me-delay relays, 

timers, and electronic overload relay pickup and tr ip ranges. 

E.  Program variable speed motor controllers per the ma nufacturer’s 

instructions and in coordination with other trades so that a complete 

and functional system is delivered. 

F.  Adjust trip settings of circuit breakers and motor circuit protectors 

with adjustable instantaneous trip elements.  Initi ally adjust at six 

times the motor nameplate full-load ampere ratings and attempt to start 

motors several times, allowing for motor cooldown b etween starts.  If 

tripping occurs on motor inrush, adjust settings in  increments until 

motors start without tripping.  Do not exceed eight  times the motor 

full-load amperes (or 11 times for NEMA Premium Eff iciency motors if 

required).  Where these maximum settings do not all ow starting of a 

motor, notify COR before increasing settings. 

G.  Not Used 

3.2  ACCEPTANCE CHECKS AND TESTS   

A.  Perform manufacturer’s required field tests in acco rdance with the 

manufacturer's recommendations. In addition, includ e the following: 

1.  Visual Inspection and Tests: 

a.  Compare equipment nameplate data with specification s and approved 

shop drawings. 

b.  Inspect physical, electrical, and mechanical condit ion. 

c.  Verify appropriate anchorage, required area clearan ces, and 

correct alignment. 

d.  Verify that circuit breaker sizes and types corresp ond to 

approved shop drawings. 

e.  Not Used  

f.  Vacuum-clean enclosure interior.  Clean enclosure e xterior. 
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g.  Verify tightness of accessible bolted electrical co nnections by 

calibrated torque-wrench method in accordance with manufacturer’s 

published data. 

h.  Test all control and safety features of the motor c ontrollers. 

i.  For low-voltage variable speed motor controllers, f inal 

programming and connections shall be by a factory-t rained 

technician.  Set all programmable functions of the variable speed 

motor controllers to meet the requirements and cond itions of use. 

3.3  FOLLOW-UP VERIFICATION 

A.  Upon completion of acceptance checks, settings, and  tests, the 

Contractor shall show by demonstration in service t hat the motor 

controllers are in good operating condition and pro perly performing the 

intended functions.  

3.4  SPARE PARTS 

A.  Two weeks prior to the final inspection, provide on e complete set of 

spare fuses for each motor controller. 

3.5  INSTRUCTION 

A.  Furnish the services of a factory-trained technicia n for two 4-hour 

training periods for instructing personnel in the m aintenance and 

operation of the motor controllers, on the dates re quested by the COR. 

---END--- 
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SECTION 26 29 21 
ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

fused and unfused disconnect switches (indicated as  switches in this 

section), and separately-enclosed circuit breakers for use in 

electrical systems rated 600 V and below.  

1.2  RELATED WORK 

A.  Not Used 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26.  

C.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

D.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground faults. 

E.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits. 

F.  Section 26 24 16, PANELBOARDS: Molded-case circuit breakers.  

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Submit the following data for approval: 

1.)  Electrical ratings, dimensions, mounting details, 

materials, required clearances, terminations, weigh t, 

fuses, circuit breakers, wiring and connection diag rams, 

accessories, and device nameplate data. 

c.  Not Used 

2.  Manuals:  
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a.  Submit complete maintenance and operating manuals i ncluding 

technical data sheets, wiring diagrams, and informa tion for 

ordering fuses, circuit breakers, and replacement p arts. 

1.)  Include schematic diagrams, with all terminals iden tified, 

matching terminal identification in the enclosed sw itches 

and circuit breakers. 

2.)  Include information for testing, repair, troublesho oting, 

assembly, and disassembly. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the manufacturer that the enclosed  switches and 

circuit breakers conform to the requirements of the  drawings and 

specifications. 

b.  Certification by the Contractor that the enclosed s witches and 

circuit breakers have been properly installed, adju sted, and 

tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  International Code Council (ICC): 

IBC-15..................International Building Code  

C.  National Electrical Manufacturers Association (NEMA ):  

FU l-12.................Low Voltage Cartridge Fuses  

KS l-13.................Heavy Duty Enclosed and Dea d-Front Switches 

(600 Volts Maximum)  

D.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC)  

E.  Underwriters Laboratories, Inc. (UL):  

98-16...................Enclosed and Dead-Front Swi tches  

248 1-11................Low Voltage Fuses 

489-13..................Molded Case Circuit Breaker s and Circuit 

Breaker Enclosures 
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PART 2 -  PRODUCTS  

2.1  FUSED SWITCHES RATED 600 AMPERES AND LESS  

A.  Switches shall be in accordance with NEMA, NEC, UL,  as specified, and 

as shown on the drawings. 

B.  Shall be NEMA classified General Duty (GD) for 240 V switches, and NEMA 

classified Heavy Duty (HD) for 480 V switches. 

C.  Shall be horsepower (HP) rated.  

D.  Shall have the following features:  

1.  Switch mechanism shall be the quick-make, quick-bre ak type. 

2.  Copper blades, visible in the open position. 

3.  An arc chute for each pole.  

4.  External operating handle shall indicate open and c losed positions 

and have lock-open padlocking provisions.  

5.  Mechanical interlock shall permit opening of the do or only when the 

switch is in the open position, defeatable to permi t inspection. 

6.  Fuse holders for the sizes and types of fuses speci fied. 

7.  Solid neutral for each switch being installed in a circuit which 

includes a neutral conductor.  

8.  Ground lugs for each ground conductor.  

9.  Enclosures: 

a.  Shall be the NEMA types shown on the drawings. 

b.  Where the types of switch enclosures are not shown,  they shall be 

the NEMA types most suitable for the ambient enviro nmental 

conditions. 

c.  Shall be finished with manufacturer’s standard gray  baked enamel 

paint over pretreated steel. 

10.  Not Used 

2.2  UNFUSED SWITCHES RATED 600 AMPERES AND LESS 

A.  Shall be the same as fused switches, but without pr ovisions for fuses. 

2.3  FUSED SWITCHES RATED OVER 600 AMPERES TO 1200 AMPERES – NOT USED 

2.4  MOTOR RATED TOGGLE SWITCHES 

A.  Type 1, general purpose for single-phase motors rat ed up to 1 

horsepower. 

B.  Quick-make, quick-break toggle switch with external  reset button and 

thermal overload protection matched to nameplate fu ll-load current of 

actual protected motor. 
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2.5  CARTRIDGE FUSES 

A.  Shall be in accordance with NEMA FU 1. 

B.  Not Used 

C.  Not Used 

D.  Motor Branch Circuits: Class RK1, time delay. 

E.  Other Branch Circuits: Class RK1, time delay. 

F.  Control Circuits: Class CC, time delay. 

2.6  SEPARATELY-ENCLOSED CIRCUIT BREAKERS  

A.  Provide circuit breakers in accordance with the app licable requirements 

in Section 26 24 16, PANELBOARDS. 

B.  Enclosures shall be the NEMA types shown on the dra wings. Where the 

types are not shown, they shall be the NEMA type mo st suitable for the 

ambient environmental conditions. 

PART 3 -  EXECUTION 

3.1  INSTALLATION   

A.  Installation shall be in accordance with the NEC, a s shown on the 

drawings, and manufacturer’s instructions. 

B.  Not Used 

C.  Fused switches shall be furnished complete with fus es. Arrange fuses 

such that rating information is readable without re moving the fuses. 

3.2  ACCEPTANCE CHECKS AND TESTS 

A.  Perform in accordance with the manufacturer's recom mendations.  In 

addition, include the following: 

1.  Visual Inspection and Tests: 

a.  Compare equipment nameplate data with specification s and approved 

shop drawings. 

b.  Inspect physical, electrical, and mechanical condit ion. 

c.  Verify tightness of accessible bolted electrical co nnections by 

calibrated torque-wrench method. 

d.  Vacuum-clean enclosure interior.  Clean enclosure e xterior. 

3.3  SPARE PARTS  

A.  Two weeks prior to the final inspection, furnish on e complete set of 

spare fuses for each fused disconnect switch instal led on the project. 

Deliver the spare fuses to the COR.  

---END--- 
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SECTION 26 41 00 
FACILITY LIGHTNING PROTECTION 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A.  This section specifies the furnishing and installat ion of a complete UL 

master labeled lightning protection system.  The sy stem shall be 

provided at both addition areas and connected to th e existing system.  

Provide repairs as required at the area of connecti on or extension of 

the existing system. 

1.2 RELATED WORK  

A.  Section 07 60 00, FLASHING AND SHEET METAL: Penetra tions through the 

roof. 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground faults.  

D.  Not Used 

E.  Section 26 43 13, SURGE PROTECTIVE DEVICES: Surge p rotective device 

installed at the electrical service entrance. 

1.3 QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications.  

b.  Show locations of air terminals, connections to req uired metal 

surfaces, down conductors, and grounding means. 

c.  Show the mounting hardware and materials used to at tach air 

terminals and conductors to the structure.  

2.  Certifications: Two weeks prior to final inspection , submit the 

following. 
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a.  Certification by the manufacturer that the lightnin g protection 

system conforms to the requirements of the drawings  and 

specifications. 

b.  Certification by the Contractor that the lightning protection 

system has been properly installed and inspected. 

c.  Certification that the lightning protection system has been 

inspected by a UL representative and has been appro ved by UL 

without variation. 

1.5 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

780-17..................Standard for the Installati on of Lightning 

Protection Systems 

C.  Underwriters Laboratories, Inc. (UL): 

96-16...................Lightning Protection Compon ents 

96A-16..................Installation Requirements f or Lightning 

Protection Systems 

467-13..................Standard for Grounding and Bonding Equipment 

PART 2 -  PRODUCTS 

2.1 GENERAL REQUIREMENTS  

A.  Lightning protection components shall conform to NF PA 780 and UL 96, 

for use on Class I structures.  Aluminum materials are not allowed. 

1.  Class I conductors: Copper. 

2.  Class I air terminals: Solid copper, 460 mm (18 inc hes) long, not 

less than 9.5 mm (3/8 inch) diameter, with sharp ni ckel-plated 

points. 

3.  Not Used 

4.  Ground rods: Copper-clad steel Stainless steel, 0.7 5 in (19 mm) 

diameter by 3 m (10 feet) long.  

5.  Ground plates: Solid copper, not less than 20 gauge . 

6.  Bonding plates: Bronze, 50 square cm (8 square inch es). 

7.  Through roof connectors: Solid copper riser bar, le ngth and type as 

required to accommodate roof structure and flashing  requirements. 
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8.  Down conductor guards: Stiff copper or brass. 

9.  Anchors and fasteners: Bronze bolt and clamp type s hall be used for 

all applications except for membrane roof.  Adhesiv e type are 

allowed only for attachment to membrane roof materi als, using 

adhesive that is compatible with the membrane mater ial. 

10.  Connectors: Bronze clamp-type connectors shall be u sed for roof 

conductor splices, and the connection of the roof c onductor to air 

terminals and bonding plates.  Crimp-type connector s are not 

allowed. 

11.  Exothermic welds: Exothermic welds shall be used fo r splicing the 

roof conductor to the down conductors, splices of t he down 

conductors, and for connection of the down conducto rs to ground 

rods, ground plates, and the ground ring.  

PART 3 -  EXECUTION  

3.1 INSTALLATION  

A.  Installation shall be in accordance with the NEC, a s shown on the 

drawings, and manufacturer’s instructions. 

B.  Coordinate installation with the roofing manufactur er and roofing 

installer. 

C.  Install the conductors as inconspicuously as practi cal. 

D.  Install the down conductors within the concealed ca vity of exterior 

walls where practical. Run the down conductors to t he exterior at 

elevations below the finished grade.    

E.  Where down conductors are subject to damage or are accessible near 

grade, protect with down conductor guards to 2.4 m (8 feet) above 

grade. Bond down conductors guards to down conducto r at both ends. 

F.  Make connections of dissimilar metal with bimetalli c type fittings to 

prevent electrolytic action. 

G.  Install ground rods and ground plates not less than  600 mm (2 feet) 

deep and a distance not less than 900 mm (3 feet) n or more than 2.5 m 

(8 feet) from the nearest point of the structure.  Exothermically weld 

the down conductors to ground rods and ground plate s in the presence of 

the COR.  

H.  Bond down conductors to metal main water piping whe re applicable. 

I.  Bond down conductors to building structural steel. 

J.  Connect roof conductors to all metallic projections  and equipment above 

the roof as indicated on the drawings. 
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K.  Connect exterior metal surfaces, located within 900  mm (3 feet) of the 

conductors, to the conductors to prevent flashovers . 

L.  Maintain horizontal or downward coursing of main co nductor and insure 

that all bends have at least an 200 mm (8 inches) r adius and do not 

exceed 90 degrees. 

M. Conductors shall be rigidly fastened every 900 mm ( 3 feet) along the 

roof and down to the building to ground. 

N.  Air terminals shall be secured against overturning either by attachment 

to the object to be protected or by means of a subs tantial tripod or 

other braces permanently and rigidly attached to th e building or 

structure.   

O.  Install air terminal bases, cable holders and other  roof-system 

supporting means without piercing membrane or metal  roofs. 

P.  Use through-roof connectors for penetration of the roof system. 

Flashing shall be provided by roofing contractor in  accordance with 

Section 07 60 00, FLASHING AND SHEET METAL. 

Q.  Down conductors coursed on or in reinforced concret e columns or on 

structural steel columns shall be connected to the reinforcing steel or 

the structural steel member at its upper and lower extremities.  In the 

case of long vertical members an additional connect ion shall be made at 

intervals not exceeding 30 M (100 feet). 

R.  A counterpoise or ground ring, where shown, shall b e of No. 1/0 copper 

cable having suitable resistance to corrosion and s hall be laid around 

the perimeter of the structure in a trench not less  than 600 mm (2 

feet) deep at a distance not less than 900 mm (3 fe et) nor more than 

2.5 M (8 feet) from the nearest point of the struct ure. 

S.  Not Used  

T.  Not Used 

U.  Not Used 

V.  Where the drawings show the new lightning protectio n system connected 

to an existing lightning protection system with or without a UL master 

label, the new portion of the lightning protection system requires UL 

inspection and a Letter of Findings. 

3.2 ACCEPTANCE CHECKS AND TESTS 

A.  Test the ground resistance to earth by standard met hods and conform to 

the ground resistance requirements specified in Sec tion 26 05 26, 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS. 
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B.  A UL representative shall inspect the lightning pro tection system.  

Obtain and install a UL numbered master label for e ach of the lightning 

protection systems at the location directed by the UL representative 

and the COR.  

---END--- 
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SECTION 26 43 13 
SURGE PROTECTIVE DEVICES 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

Type 2 Surge Protective Devices, as defined in NFPA  70, and indicated 

as SPD in this section. 

1.2  RELATED WORK  

A.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26.  

B.  Not Used 

C.  Not Used 

D.  Section 26 24 16, PANELBOARDS: For factory-installe d or external SPD. 

E.  Not Used 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance with 

drawings and specifications. 

b.  Include electrical ratings and device nameplate dat a. 

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp anion copies 

of complete maintenance and operating manuals inclu ding technical 

data sheets, wiring diagrams, and information for o rdering 

replacement parts. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following. 
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a.  Certification by the manufacturer that the SPD conf orms to the 

requirements of the drawings and specifications. 

b.  Certification by the Contractor that the SPD has be en properly 

installed.  

1.5  APPLICABLE PUBLICATIONS  

A.  Publications listed below (including amendments, ad denda, revisions, 

supplement and errata) form a part of this specific ation to the extent 

referenced. Publications are referenced in the text  by the basic 

designation only. 

B.  Institute of Engineering and Electronic Engineers ( IEEE):  

IEEE C62.41.2-02........Characterization of Surges in Low-Voltage (1000 

V and Less) AC Power Circuits 

IEEE C62.45-08..........Surge Testing for Equipment  Connected to Low-

Voltage (1000 V and Less) AC Power Circuits 

C.  National Fire Protection Association (NFPA): 

70-17...................National Electrical Code (N EC) 

D.  Underwriters Laboratories, Inc. (UL):  

UL 1283-15..............Electromagnetic Interferenc e Filters 

UL 1449-14..............Surge Protective Devices 

PART 2 -  PRODUCTS 

2.1  SWITCHGEAR/SWITCHBOARD SPD – NOT USED 

2.2  PANELBOARD SPD 

A.  General Requirements: 

1.  Comply with UL 1449 and IEEE C62.41.2. 

2.  Modular design with field-replaceable modules, or n on-modular 

design. 

3.  Fuses, rated at 200 kA interrupting capacity. 

4.  Bolted compression lugs for internal wiring. 

5.  Integral disconnect switch. 

6.  Redundant suppression circuits. 

7.  LED indicator lights for power and protection statu s. 

8.  Audible alarm, with silencing switch, to indicate w hen protection 

has failed. 

9.  Form-C contacts rated at 5 A and 250-V ac, one norm ally open and one 

normally closed, for remote monitoring of protectio n status.  

Contacts shall reverse on failure of any surge dive rsion module or 

on opening of any current-limiting device.   
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10.  Four-digit transient-event counter. 

B.  Surge Current per Phase:  Minimum 120kA per phase. 

2.3  ENCLOSURES 

A.  Enclosures:  NEMA 1. 

PART 3 -  EXECUTION 

3.1  INSTALLATION 

A.  Installation shall be in accordance with the NEC, a s shown on the 

drawings, and manufacturer’s instructions. 

B.  Factory-installed SPD: Switchgear, switchboard, or panelboard 

manufacturer shall install SPD at the factory. 

C.  Field-installed SPD: Contractor shall install SPD w ith conductors or 

buses between SPD and points of attachment as short  and straight as 

possible.  Do not exceed manufacturer's recommended  lead length.  Do 

not bond neutral and ground. 

1.  Provide a circuit breaker as a dedicated disconnect ing means for 

TVSS as shown on drawings. 

D.  Do not perform insulation resistance tests on switc hgear, switchboards, 

panelboards, or feeders with the SPD connected.  Di sconnect SPD before 

conducting insulation resistance tests and reconnec t SPD immediately 

after insulation resistance tests are complete. 

3.2  ACCEPTANCE CHECKS AND TESTS 

A.  Perform in accordance with the manufacturer's recom mendations.  In 

addition, include the following: 

1.  Visual Inspection and Tests: 

a.  Compare equipment nameplate data with specification s and approved 

shop drawings. 

b.  Inspect physical, electrical, and mechanical condit ion. 

c.  Verify that disconnecting means and feeder size and  maximum 

length to SPD corresponds to approved shop drawings . 

d.  Verifying tightness of accessible bolted electrical  connections 

by calibrated torque-wrench method. 

e.  Vacuum-clean enclosure interior.  Clean enclosure e xterior. 

f.  Verify the correct operation of all sensing devices , alarms, and 

indicating devices. 
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3.3  FOLLOW-UP VERIFICATION 

A.  After completion of acceptance checks and tests, th e Contractor shall 

show by demonstration in service that SPD are in go od operating 

condition and properly performing the intended func tion.   

3.4  INSTRUCTION  

A.  Provide the services of a factory-trained technicia n for one 2-hour 

training period for instructing personnel in the ma intenance and 

operation of the SPD, on the date requested by the COR. 

---END--- 
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SECTION 26 51 00 
INTERIOR LIGHTING 

 
PART 1 -  GENERAL  

1.1  DESCRIPTION: 

A.  This section specifies the furnishing, installation , and connection of 

the interior lighting systems.  The terms “lighting  fixture,” 

“fixture,” and “luminaire” are used interchangeably . 

1.2  RELATED WORK  

A.  Section 01 74 19, CONSTRUCTION WASTE MANAGEMENT: Di sposal of lamps. 

B.  Section 02 41 00, DEMOLITION: Removal and disposal of lamps and 

ballasts. 

C.  Not Used 

D.  Not Used 

E.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

F.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors.  

G.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents.  

H.  Section 26 27 26, WIRING DEVICES: Wiring devices us ed for control of 

the lighting systems. 

I.  Not Used  

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit the following information for each type of l ighting 

fixture designated on the LIGHTING FIXTURE SCHEDULE , arranged in 

order of lighting fixture designation. 

b.  Material and construction details, include informat ion on housing 

and optics system.  
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c.  Physical dimensions and description. 

d.  Not Used 

e.  Installation details. 

f.  Energy efficiency data. 

g.  Photometric data based on laboratory tests complyin g with IES 

Lighting Measurements testing and calculation guide s. 

h.  Lamp data including lumen output (initial and mean) , color 

rendition index (CRI), rated life (hours), and colo r temperature 

(degrees Kelvin). 

i.  Driver data including type, ambient temperature, sy stem watts and 

total harmonic distortion (THD). 

j.  For LED lighting fixtures, submit US DOE LED Lighti ng Facts 

label, and IES L70 rated life. 

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp lete 

maintenance and operating manuals, including techni cal data 

sheets, wiring diagrams, and information for orderi ng replacement 

parts. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications: Two weeks prior to final inspection , submit the 

following.  

a.  Certification by the Contractor that the interior l ighting 

systems have been properly installed and tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B.  American Society for Testing and Materials (ASTM): 

C635/C635M REV A-13.....Manufacture, Performance, a nd Testing of Metal 

Suspension Systems for Acoustical Tile and Lay-

in Panel Ceilings 

C.  Environmental Protection Agency (EPA): 

40 CFR 261..............Identification and Listing of Hazardous Waste 

D.  Federal Communications Commission (FCC): 
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CFR Title 47, Part 15...Radio Frequency Devices 

CFR Title 47, Part 18...Industrial, Scientific, and  Medical Equipment 

E.  Illuminating Engineering Society of North America ( IESNA): 

LM-79-08................Electrical and Photometric Measurements of 

Solid-State Lighting Products 

LM-80-15................Measuring Lumen Maintenance  of LED Light 

Sources 

LM-82-12................Characterization of LED Lig ht Engines and LED 

Lamps for Electrical and Photometric Properties 

as a Function of Temperature 

F.  Institute of Electrical and Electronic Engineers (I EEE): 

C62.41-91(R1995)........Surge Voltages in Low Volta ge AC Power Circuits 

G.  International Code Council (ICC): 

IBC-15..................International Building Code  

H.  National Electrical Manufacturer's Association (NEM A): 

SSL 1-16................Electronic Drivers for LED Devices, Arrays, or 

Systems 

I.  National Fire Protection Association (NFPA):  

70-17...................National Electrical Code (N EC) 

101-18..................Life Safety Code  

J.  Underwriters Laboratories, Inc. (UL): 

924-16..................Emergency Lighting and Powe r Equipment 

1598-08.................Luminaires 

8750-15.................Light Emitting Diode (LED) Light Sources for 

Use in Lighting Products 

PART 2 -  PRODUCTS  

2.1  LIGHTING FIXTURES 

A.  Shall be in accordance with NFPA, UL, as shown on d rawings, and as 

specified. 

B.  Sheet Metal:  

1.  Shall be formed to prevent warping and sagging. Hou sing, trim and 

lens frame shall be true, straight (unless intentio nally curved), 

and parallel to each other as designed.  

2.  Wireways and fittings shall be free of burrs and sh arp edges, and 

shall accommodate internal and branch circuit wirin g without damage 

to the wiring.  
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3.  When installed, any exposed fixture housing surface , trim frame, 

door frame, and lens frame shall be free of light l eaks.  

4.  Hinged door frames shall operate smoothly without b inding.  Latches 

shall function easily by finger action without the use of tools.  

C.  LED drivers shall be serviceable while the fixture is in its normally 

installed position.  Drivers shall not be mounted t o removable 

reflectors or wireway covers unless so specified.  

D.  Not Used  

E.  Recessed fixtures mounted in an insulated ceiling s hall be listed for 

use in insulated ceilings.  

F.  Mechanical Safety: Lighting fixture closures (lens doors, trim frame, 

hinged housings, etc.) shall be retained in a secur e manner by captive 

screws, chains, aircraft cable, captive hinges, or fasteners such that 

they cannot be accidentally dislodged during normal  operation or 

routine maintenance.  

G.  Metal Finishes:  

1.  The manufacturer shall apply standard finish (unles s otherwise 

specified) over a corrosion-resistant primer, after  cleaning to free 

the metal surfaces of rust, grease, dirt and other deposits.  Edges 

of pre-finished sheet metal exposed during forming,  stamping or 

shearing processes shall be finished in a similar c orrosion 

resistant manner to match the adjacent surface(s).  Fixture finish 

shall be free of stains or evidence of rusting, bli stering, or 

flaking, and shall be applied after fabrication.  

2.  Interior light reflecting finishes shall be white w ith not less than 

85 percent reflectances, except where otherwise sho wn on the 

drawing.  

3.  Exterior finishes shall be as shown on the drawings .  

H.  Lighting fixtures shall have a specific means for g rounding metallic 

wireways and housings to an equipment grounding con ductor.  

I.  Light Transmitting Components for Fixtures:  

1.  Shall be 100 percent virgin acrylic.  

2.  Flat lens panels shall have not less than 3 mm (1/8  inch) of average 

thickness.  

3.  Unless otherwise specified, lenses, reflectors, dif fusers, and 

louvers shall be retained firmly in a metal frame b y clips or 
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clamping ring in such a manner as to allow expansio n and contraction 

without distortion or cracking.  

J.  Not Used  

K.  Not Used  

2.2  BALLASTS – NOT USED 

2.3  FLUORESCENT EMERGENCY BALLAST – NOT USED 

2.4  EMERGENCY LIGHTING UNIT – NOT USED 

2.5  LAMPS – NOT USED 

2.6  RADIO-INTERFERENCE-FREE FLUORESCENT FIXTURES – NOT USED 

2.7  WALL MOUNTED FLUORESCENT BEDLIGHT FIXTURES – NOT USED 

2.8  X-RAY FILM ILLUMINATORS – NOT USED 

2.9  LED EXIT LIGHT FIXTURES 

A.  Exit light fixtures shall meet applicable requireme nts of NFPA and UL. 

B.  Housing and door shall be die-cast aluminum. 

C.  For general purpose exit light fixtures, door frame  shall be hinged, 

with latch.  For vandal-resistant exit light fixtur es, door frame shall 

be secured with tamper-resistant screws.  

D.  Finish shall be satin or fine-grain brushed aluminu m. 

E.  There shall be no radioactive material used in the fixtures. 

F.  Fixtures: 

1.  Inscription panels shall be cast or stamped aluminu m a minimum of 

2.25 mm (0.090 inch) thick, stenciled with 150 mm ( 6 inch) high 

letters, baked with red color stable plastic or fib erglass. Lamps 

shall be luminous Light Emitting Diodes (LED) mount ed in center of 

letters on red color stable plastic or fiberglass. 

2.  Double-Faced Fixtures: Provide double-faced fixture s where required 

or as shown on drawings.  

3.  Directional Arrows: Provide directional arrows as p art of the 

inscription panel where required or as shown on dra wings. 

Directional arrows shall be the "chevron-type" of s imilar size and 

width as the letters and meet the requirements of N FPA 101. 

G.  Voltage: Multi-voltage (120 – 277V). 

2.10  LED LIGHT FIXTURES 

A.  General: 

1.  LED light fixtures shall be in accordance with IES,  NFPA, UL, as 

shown on the drawings, and as specified. 
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2.  LED light fixtures shall be Reduction of Hazardous Substances 

(RoHS)-compliant. 

3.  LED drivers shall include the following features un less otherwise 

indicated: 

a.  Minimum efficiency: 85% at full load. 

b.  Minimum Operating Ambient Temperature: -20˚ C. (-4˚  F.) 

c.  Input Voltage: 120 - 277V (±10%) at 60 Hz. 

d.  Integral short circuit, open circuit, and overload protection. 

e.  Power Factor: ≥ 0.95. 

f.  Total Harmonic Distortion: ≤ 20%. 

g.  Comply with FCC 47 CFR Part 15. 

4.  LED modules shall include the following features un less otherwise 

indicated: 

a.  Comply with IES LM-79 and LM-80 requirements. 

b.  Minimum CRI 80 and color temperature 3000˚ K unless  otherwise 

specified in LIGHTING FIXTURE SCHEDULE.  

c.  Minimum Rated Life: 50,000 hours per IES L70. 

d.  Light output lumens as indicated in the LIGHTING FI XTURE 

SCHEDULE. 

B.  LED Downlights: 

1.  Housing, LED driver, and LED module shall be produc ts of the same 

manufacturer. 

C.  LED Troffers: 

1.  LED drivers, modules, and reflector shall be access ible, 

serviceable, and replaceable from below the ceiling . 

2.  Housing, LED driver, and LED module shall be produc ts of the same 

manufacturer. 

PART 3 -  EXECUTION  

3.1  INSTALLATION  

A.  Installation shall be in accordance with the NEC, m anufacturer's 

instructions, and as shown on the drawings or speci fied.  

B.  Align, mount, and level the lighting fixtures unifo rmly. 

C.  Wall-mounted fixtures shall be attached to the stud s in the walls, or 

to a 20 gauge metal backing plate that is attached to the studs in the 

walls.  Lighting fixtures shall not be attached dir ectly to gypsum 

board. 

D.  Lighting Fixture Supports:  
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1.  Shall provide support for all of the fixtures. Supp orts may be 

anchored to channels of the ceiling construction, t o the structural 

slab or to structural members within a partition, o r above a 

suspended ceiling.  

2.  Shall maintain the fixture positions after cleaning  and relamping.  

3.  Shall support the lighting fixtures without causing  the ceiling or 

partition to deflect.  

4.  Hardware for recessed fixtures:  

a.  Where the suspended ceiling system is supported at the four 

corners of the fixture opening, hardware devices sh all clamp the 

fixture to the ceiling system structural members, o r plaster 

frame at not less than four points in such a manner  as to resist 

spreading of the support members and safely lock th e fixture into 

the ceiling system.  

b.  Where the suspended ceiling system is not supported  at the four 

corners of the fixture opening, hardware devices sh all 

independently support the fixture from the building  structure at 

four points.  

5.  Hardware for surface mounting fixtures to suspended  ceilings: 

a.  In addition to being secured to any required outlet  box, fixtures 

shall be bolted to a grid ceiling system at four po ints spaced 

near the corners of each fixture. The bolts shall b e not less 

than 6 mm (1/4 inch) secured to channel members att ached to and 

spanning the tops of the ceiling structural grid me mbers. Non-

turning studs may be attached to the ceiling struct ural grid 

members or spanning channels by special clips desig ned for the 

purpose, provided they lock into place and require simple tools 

for removal.  

b.  In addition to being secured to any required outlet  box, fixtures 

shall be bolted to ceiling structural members at fo ur points 

spaced near the corners of each fixture. Pre-positi oned 6 mm (1/4 

inch) studs or threaded plaster inserts secured to ceiling 

structural members shall be used to bolt the fixtur es to the 

ceiling. In lieu of the above, 6 mm (1/4 inch) togg le bolts may 

be used on new or existing ceiling provided the pla ster and lath 

can safely support the fixtures without sagging or cracking.  

6.  Not Used  
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7.  Not Used  

8.  Not Used  

9.  Not Used 

E.  Furnish and install the new lamps as specified for all lighting 

fixtures installed under this project, and for all existing lighting 

fixtures reused under this project. 

F.  The electrical and ceiling trades shall coordinate to ascertain that 

approved lighting fixtures are furnished in the pro per sizes and 

installed with the proper devices (hangers, clips, trim frames, 

flanges, etc.), to match the ceiling system being i nstalled. 

G.  Bond lighting fixtures to the grounding system as s pecified in Section 

26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYST EMS. 

H.  At completion of project, replace all defective com ponents of the 

lighting fixtures at no cost to the Government.  

I.  Dispose of lamps per requirements of Section 01 74 19, CONSTRUCTION 

WASTE MANAGEMENT, and Section 02 41 00, DEMOLITION.  

3.2  ACCEPTANCE CHECKS AND TESTS  

A.  Perform the following: 

1.  Visual Inspection: 

a.  Verify proper operation by operating the lighting c ontrols. 

b.  Visually inspect for damage to fixtures, lenses, re flectors, 

diffusers, and louvers.  Clean fixtures, lenses, re flectors, 

diffusers, and louvers that have accumulated dust, dirt, or 

fingerprints during construction. 

2.  Electrical tests: 

a.  Exercise dimming components of the lighting fixture s over full 

range of dimming capability by operating the contro l devices(s) 

in the presence of the COTR.  Observe for visually detectable 

flicker over full dimming range and replace defecti ve components 

at no cost to the Government. 

b.  Not Used 

3.3  FOLLOW-UP VERIFICATION 

A.  Upon completion of acceptance checks and tests, the  Contractor shall 

show by demonstration in service that the lighting systems are in good 

operating condition and properly performing the int ended function. 

---END--- 
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SECTION 26 56 00 
EXTERIOR LIGHTING 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

exterior fixtures, poles, and supports.  The terms “lighting fixtures”, 

“fixture” and “luminaire” are used interchangeably.  

1.2  RELATED WORK 

A.  Not Used 

B.  Not Used 

C.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

D.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES 

(600 VOLTS AND BELOW): Low voltage power and lighti ng wiring. 

E.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

F.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits, 

fittings, and boxes for raceway systems. 

G.  Not Used 

H.  Section 26 09 23, LIGHTING CONTROLS: Controls for e xterior lighting. 

1.3  QUALITY ASSURANCE 

A.  Quality Assurance shall be in accordance with Parag raph, QUALIFICATIONS 

(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIR EMENTS FOR 

ELECTRICAL INSTALLATIONS. 

1.4  SUBMITTALS 

A.  Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following 

requirements: 

1.  Shop Drawings: 

a.  Submit the following information for each type of l ighting 

fixture designated on the LIGHTING FIXTURE SCHEDULE , arranged in 

order of lighting fixture designation. 

b.  Material and construction details include informati on on housing 

and optics system.  

c.  Physical dimensions and description. 
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d.  Wiring schematic and connection diagram. 

e.  Installation details. 

f.  Energy efficiency data. 

g.  Photometric data based on laboratory tests complyin g with IES 

Lighting Measurements testing and calculation guide s. 

h.  Lamp data including lumen output (initial and mean) , color 

rendition index (CRI), rated life (hours), and colo r temperature 

(degrees Kelvin). 

i.  Not Used 

j.  For LED lighting fixtures, submit US DOE LED Lighti ng Facts 

label, and IES L70 rated life. 

k.  Not Used   

2.  Manuals:  

a.  Submit, simultaneously with the shop drawings, comp lete 

maintenance and operating manuals, including techni cal data 

sheets, wiring diagrams, and information for orderi ng replacement 

parts. 

b.  If changes have been made to the maintenance and op erating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3.  Certifications:  Two weeks prior to final inspectio n, submit the 

following.  

a.  Certification by the Contractor that the exterior l ighting 

systems have been properly installed and tested. 

1.5  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B.  American Association of State Highway and Transport ation Officials 

(AASHTO): 

LRFDLTS-17..............Structural Supports for Hig hway Signs, 

Luminaires and Traffic Signals 

C.  American Concrete Institute (ACI): 

318-14 .................Building Code Requirements for Structural 

Concrete 

D.  American National Standards Institute (ANSI): 
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H35.1/H35 1M-17.........American National Standard Alloy and Temper 

Designation Systems for Aluminum 

E.  American Society for Testing and Materials (ASTM): 

A123/A123M-17 ..........Zinc (Hot-Dip Galvanized) C oatings on Iron and 

Steel Products 

A153/A153M-16...........Zinc Coating (Hot-Dip) on I ron and Steel 

Hardware 

B108/B108M-15 ..........Aluminum-Alloy Permanent Mo ld Castings 

C1089-13 ...............Spun Cast Prestressed Concr ete Poles 

F.  Federal Aviation Administration (FAA): 

AC 70/7460-IL-15........Obstruction Lighting and Ma rking 

AC 150/5345-43H-16......Obstruction Lighting Equipm ent 

G.  Illuminating Engineering Society of North America ( IESNA): 

HB-9-00.................Lighting Handbook 

RP-8-14.................Roadway Lighting 

LM-52-03................Photometric Measurements of  Roadway Sign 

Installations 

LM-72-97(R2010).........Directional Positioning of Photometric Data 

LM-79-08................Approved Method for  the Electrical and 

Photometric Measurements of Solid-Sate Lighting 

Products 

LM-80-15................Approved Method for Measuri ng Luminous Flux and 

Color Maintenance of LED Packages, Arrays and 

Modules  

TM-15-11................Luminaire Classification Sy stem for Outdoor 

Luminaires 

H.  National Electrical Manufacturers Association (NEMA ): 

C78.41-16...............Electric Lamps – Guidelines  for Low-Pressure 

Sodium Lamps 

C78.42-09(R2016) .......Electric Lamps – Guidelines  for High-Pressure 

Sodium Lamps 

C78.43-13 ..............Electric Lamps – Single-End ed Metal-Halide 

Lamps 

C78.1381-98.............Electric Lamps – 70-Watt M8 5 Double-Ended 

Metal-Halide Lamps 

C81.61-17 ..............Electrical Lamp Bases – Spe cifications for 

Bases (Caps) for Electric Lamps 



01-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

26 56 00 - 4 

C82.4-17 ...............Ballasts for High-Intensity -Discharge and Low-

Pressure Sodium Lamps (Multiple-Supply Type) 

C136.3-14 ..............For Roadway and Area Lighti ng Equipment – 

Luminaire Attachments 

C136.17-05(R2010)(S2017)   Roadway and Area Lightin g Equipment – 

Enclosed Side-Mounted Luminaires for 

Horizontal-Burning High-Intensity-Discharge 

Lamps – Mechanical Interchangeability of 

Refractors 

ICS 2-00(R2005) ........Controllers, Contactors and  Overload Relays 

Rated 600 Volts 

ICS 6-93(R2016) ........Enclosures 

I.  National Fire Protection Association (NFPA): 

70-17 ..................National Electrical Code (N EC) 

101-18..................Life Safety Code 

J.  Underwriters Laboratories, Inc. (UL): 

496-17 .................Lampholders 

773-16..................Plug-In, Locking Type Photo controls for Use 

with Area Lighting 

773A-16 ................Nonindustrial Photoelectric  Switches for 

Lighting Control 

1029-94.................High-Intensity-Discharge La mp Ballasts 

1598-08 ................Luminaires 

8750-15.................Light Emitting Diode (LED) Equipment for Use in 

Lighting Products 

1.6  DELIVERY, STORAGE, AND HANDLING 

Provide manufacturer’s standard provisions for prot ecting pole finishes 

during transport, storage, and installation.  Do no t store poles on 

ground.  Store poles so they are at least 305 mm (1 2 inches) above 

ground level and growing vegetation.  Do not remove  factory-applied 

pole wrappings until just before installing pole. 

PART 2 -  PRODUCTS 

2.1  GENERAL REQUIREMENTS 

Luminaires, materials and equipment shall be in acc ordance with NEC, 

UL, ANSI, and as shown on the drawings and specifie d. 
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2.2  POLES – NOT USED 

2.3  FOUNDATIONS FOR POLES – NOT USED 

2.4  LUMINAIRES 

A.  Luminaires shall be weatherproof, heavy duty, outdo or types designed 

for efficient light utilization, adequate dissipati on of lamp and 

driver heat, and safe cleaning and relamping. 

B.  Illumination distribution patterns, BUG ratings and  cutoff types as 

defined by the IESNA shall be as shown on the drawi ngs. 

C.  Incorporate driver in the luminaire housing, except  where otherwise 

shown on the drawings. 

D.  Lenses shall be frame-mounted, heat-resistant, boro silicate glass, with 

prismatic refractors, unless otherwise shown on the  drawings.  Attach 

the frame to the luminaire housing by hinges or cha in.  Use heat and 

aging-resistant, resilient gaskets to seal and cush ion lenses and 

refractors in luminaire doors. 

E.  Not Used 

F.  Pre-wire internal components to terminal strips at the factory. 

G.  Bracket-mounted luminaires shall have leveling prov isions and clamp-

type adjustable slip-fitters with locking screws. 

H.  Materials shall be rustproof.  Latches and fittings  shall be non-

ferrous metal. 

I.  Provide manufacturer's standard finish, as schedule d on the drawings. 

Where indicated on drawings, match finish process a nd color of pole or 

support materials.   

J.  Luminaires shall carry factory labels, showing comp lete, specific lamp 

and driver information.  

2.5  LAMPS 

A.  Install the proper lamps in every luminaire install ed and every 

existing luminaire relocated or reinstalled as show n on the drawings. 

B.  Lamps shall be general-service, outdoor lighting ty pes. 

C.  Not Used 

D.  Not Used 

E.  Not Used 

F.  LED sources shall meet the following requirements: 

1.  Operating temperature rating shall be between -40 d egrees C (-40 

degrees F) and 50 degrees C (120 degrees F). 

2.  Correlated Color Temperature (CCT): 4000K. 
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3.  Color Rendering Index (CRI):  ≥ 85. 

4.  The manufacturer shall have performed reliability t ests on the LEDs 

luminaires complying with Illuminating Engineering Society (IES) 

LM79 for photometric performance and LM80 for lumen  maintenance and 

L70 life. 

G.  Mercury vapor lamps shall not be used. 

2.6  HIGH INTENSITY DISCHARGE BALLASTS – NOT USED 

2.7  METAL HALIDE CORE AND COIL BALLASTS – NOT USED 

2.8  METAL HALIDE ELECTRONIC BALLASTS – NOT USED 

2.9  LED DRIVERS 

A.  LED drivers shall meet the following requirements: 

1.  Drivers shall have a minimum efficiency of 85%. 

2.  Starting Temperature:  -40 degrees C (-40 degrees F ). 

3.  Input Voltage:  120 to 480 (±10%) volt. 

4.  Power Supplies:  Class I or II output. 

5.  Surge Protection:  The system must survive 250 repe titive strikes of 

“C Low” (C Low: 6kV/1.2 x 50 μs, 10kA/8 x 20 μs) waveforms at 1-

minute intervals with less than 10% degradation in clamping voltage. 

“C Low” waveforms are as defined in IEEE/ASNI C62.4 1.2-2002, 

Scenario 1 Location Category C. 

6.  Power Factor (PF):  ≥ 0.90. 

7.  Total Harmonic Distortion (THD):  ≤ 20%. 

8.  Comply with FCC Title 47 CFR Part 18 Non-consumer R FI/EMI Standards. 

9.  Drivers shall be reduction of hazardous substances (ROHS)-compliant. 

2.10  EXISTING LIGHTING SYSTEMS 

A.  For modifications or additions to existing lighting  systems, the new 

components shall be compatible with the existing sy stems. 

B.  New poles and luminaires shall have approximately t he same 

configurations, dimensions, lamping and reflector t ype as the existing 

poles and luminaires, except where otherwise shown on the drawings. 

2.11  OBSTRUCTION LIGHTING – NOT USED 

PART 3 -  EXECUTION  

3.1  INSTALLATION 

A.  Install lighting in accordance with the NEC, as sho wn on the drawings, 

and in accordance with manufacturer’s recommendatio ns. 

B.  Not Used 
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C.  Install lamps in each luminaire. 

D.  Adjust luminaires that require field adjustment or aiming. 

3.2  GROUNDING 

Ground noncurrent-carrying parts of equipment, incl uding metal poles, 

luminaires, mounting arms, brackets, and metallic e nclosures, as 

specified in Section 26 05 26, GROUNDING AND BONDIN G FOR ELECTRICAL 

SYSTEMS.  Where copper grounding conductor is conne cted to a metal 

other than copper, provide specially-treated or lin ed connectors 

suitable and listed for this purpose. 

3.3  ACCEPTANCE CHECKS AND TESTS 

 Verify operation after installing luminaires and e nergizing circuits.  

3.4  WATER TANKS AND COOLING TOWERS – NOT USED 

- - - E N D - - - 
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SECTION 27 05 11  
REQUIREMENTS FOR COMMUNICATIONS INSTALLATIONS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section includes common requirements to commun ications 

installations and applies to all sections of Divisi on 27. 

B.  Provide completely functioning communications syste ms. 

C.  Comply with VAAR 852.236.91 and FAR clause 52.236-2 1 in circumstance of 

a need for additional detail or conflict between dr awings, 

specifications, reference standards or code. 

1.2 REFERENCES  

A.  Abbreviations and Acronyms 

1.  Refer to http://www.cfm.va.gov/til/sdetail.asp for Division 00, 

ARCHITECTURAL ABBREVIATIONS. 

2.  Additional Abbreviations and Acronyms: 

A Ampere  

AC Alternating Current  

AE Architect and Engineer  

AFF Above Finished Floor  

AHJ Authority Having Jurisdiction  

ANSI American National Standards Institute  

AWG American Wire Gauge (refer to STP and UTP)  

AWS Advanced Wireless Services  

BCT Bonding Conductor for Telecommunications (also 

Telecommunications Bonding Conductor (TBC))  

BDA Bi-Directional Amplifier  

BICSI  Building Industry Consulting Service International  

BIM Building Information Modeling  

BOM Bill of Materials  

BTU British Thermal Units  

BUCR Back-up Computer Room  

BTS Base Transceiver Station  

CAD AutoCAD 

CBOPC Community Based Out Patient Clinic  
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CBC Coupled Bonding Conductor  

CBOC Community Based Out Patient Clinic (refer to CBOPC,  

OPC, VAMC) 

CCS TIP's Cross Connection System (refer to VCCS and 

HCCS) 

CFE Contractor Furnished Equipment  

CFM US Department of Veterans Affairs Office of 

Construction and Facilities Manag ement  

CFR Consolidated Federal Regulations  

CIO Communication Information Officer (Facility, VISN o r 

Region)  

cm Centimeters  

CO Central Office  

COR Contracting Officer Representative  

CPU Central Processing Unit  

CSU Customer Service Unit  

CUP Conditional Use Permit(s) – Federal/GSA for VA  

dB Decibel  

dBm Decibel Measured  

dBmV Decibel per milli-Volt  

DC Direct Current  

DEA United States Drug Enforcement Administration  

DSU Data Service Unit  

EBC Equipment Bonding Conductor  

ECC Engineering Control Center (refer to DCR, EMCR)  

EDGE Enhanced Data (Rates) for GSM Evolution  

EDM Electrical Design Manual  

EMCR Emergency Management Control Room (refer to DCR, EC C)  

EMI Electromagnetic Interference (refer to RFI)  

EMS Emergency Medical Service  

EMT Electrical Metallic Tubing or  thin wall conduit  

ENTR Utilities Entrance Location (refer to DEMARC, POTS,  
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LEC)  

EPBX Electronic Digital Private Branch Exchange  

ESR Vendor’s Engineering Service Report  

FA Fire Alarm  

FAR Federal Acquisition Regulations in Chapter 1 of Tit le 

48 of Code of Federal Regulations  

FMS VA’s Headquarters or Medical Center Facility’s 

Management Service  

FR Frequency (refer to RF)  

FTS Federal Telephone Service  

GFE Government Furnished Equipment  

GPS Global Positioning System  

GRC Galvanized Rigid Metal Conduit  

GSM Global System (Station) for Mobile  

HCCS TIP’s Horizontal Cross Connection System (refer to 

CCS & VCCS)  

HDPE High Density Polyethylene Conduit  

HDTV Advanced Television Standards Committee High-

Definition Digital Television  

HEC Head End Cabinets(refer to HEIC, PA)  

HEIC Head End Interface Cabinets(refer to HEC, PA)  

HF High Frequency (Radio Band; Re FR, RF, VHF & UHF)  

HSPA High Speed Packet Access  

HZ Hertz  

IBT  Intersystem Bonding Termination (NEC 250.94)  

IC  Intercom  

ICRA Infectious Control Risk Assessment  

IDEN Integrated Digital Enhanced Network  

IDC  Insulation Displacement Contact  

IDF  Intermediate Distribution Frame  

ILSM Interim Life Safety Measures  

IMC Rigid Intermediate Steel Conduit  
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IRM Department of Veterans Affairs Office of Informatio n 

Resources Management  

ISDN Integrated Services Digital Network  

ISM Industrial, Scientific, Medical  

IWS Intra-Building Wireless System  

LAN Local Area Network  

LBS Location Based Services, Leased Based Systems  

LEC Local Exchange Carrier (refer to DEMARC, PBX & POTS )  

LED Light Emitting Diode  

LMR Land Mobile Radio  

LTE Long Term Evolution, or 4G Standard for Wireless Da ta 

Communications Technology  

M Meter  

MAS Medical Administration Service  

MATV Master Antenna Television  

MCR Main Computer Room  

MCOR Main Computer Operators Room  

MDF Main Distribution Frame  

MH Manholes or Maintenance Holes  

MHz Megaherts (10 6 Hz)  

mm Millimeter  

MOU Memorandum of Understanding  

MW Microwave (RF Band, Equipment or Services)  

NID  Network Interface Device (refer to DEMARC)  

NEC National Electric Code  

NOR Network Operations Room  

NRTL OSHA Nationally Recognized Testing Laboratory  

NS Nurse Stations  

NTIA  U.S. Department of Commerce National 

Telecommunications and Information Administration  

OEM Original Equipment Manufacturer  

OI&T Office of Information and Technology  
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OPC VA’s Outpatient Clinic (refer to CBOC, VAMC)  

OSH Department of Veterans Affairs Office of Occupation al 

Safety and Health  

OSHA United States Department of Labor Occupational Safe ty 

and Health Administration  

OTDR Optical Time-Domain Reflectometer  

PA Public Address System (refer to HE, HEIC, RPEC)  

PBX Private Branch Exchange (refer to DEMARC, LEC, POTS )  

PCR Police Control Room (refer to SPCC, could be 

designated SCC)  

PCS Personal Communications Service (refer to UPCS)  

PE Professional Engineer  

PM Project Manager  

PoE Power over Ethernet  

POTS Plain Old Telephone Service (refer to DEMARC, LEC, 

PBX) 

PSTN Public Switched Telephone Network  

PSRAS Public Safety Radio Amplification Systems  

PTS Pay Telephone Station  

PVC Poly-Vinyl Chloride  

PWR Power (in Watts)  

RAN Radio Access Network  

RBB Rack Bonding Busbar  

RE Resident Engineer or Senior Resident Engineer  

RF Radio Frequency (refer to FR)  

RFI  Radio Frequency Interference (refer to EMI)  

RFID RF Identification (Equipment, System or Personnel)  

RMC Rigid Metal Conduit  

RMU Rack Mounting Unit  

RPEC Radio Paging Equipment Cabinets(refer to HEC, HEIC,  

PA)  

RTLS Real Time Location Service or System  
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RUS Rural Utilities Service  

SCC Security Control Console (refer to PCR, SPCC)  

SMCS Spectrum Management and Communications Security 

(COMSEC) 

SFO Solicitation for Offers  

SME Subject Matter Experts (refer to AHJ)  

SMR Specialized Mobile Radio  

SMS Security Management System  

SNMP Simple Network Management Protocol  

SPCC Security Police Control Center (refer to PCR, SMS)  

STP Shielded Balanced Twisted Pair (refer to UTP)  

STR Stacked Telecommunications Room  

TAC VA’s Technology Acquisition Center, Austin, Texas  

TCO Telecommunications Outlet  

TER Telephone Equipment Room  

TGB Telecommunications Grounding Busbar (also Secondary  

Bonding Busbar (SBB))  

TIP  Telecommunications Infrastructure Plant  

TMGB Telecommunications Main Grounding Busbar (also 

Primary Bonding Busbar (PBB))  

TMS Traffic Management System  

TOR Telephone Operators Room  

TP Balanced Twisted Pair (refer to STP and UTP)  

TR Telecommunications Room (refer to STR)  

TWP Twisted Pair  

UHF Ultra High Frequency (Radio)  

UMTS Universal Mobile Telecommunications System  

UPCS Unlicensed Personal Communications Service (refer t o 

PCS) 

UPS Uninterruptible Power Supply  

USC United States Code  

UTP Unshielded Balanced Twisted Pair (refer to TP and 
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STP)  

UV Ultraviolet  

V Volts  

VAAR Veterans Affairs Acquisition Regulation  

VACO Veterans Affairs Central Office  

VAMC VA Medical Center (refer to CBOC, OPC, VACO)  

VCCS TIP’s Vertical Cross Connection System (refer to CC S 

and HCCS)  

VHF Very High Frequency (Radio)  

VISN Veterans Integrated Services Network (refers to 

geographical region)  

VSWR Voltage Standing Wave Radio  

W Watts  

WEB World Electronic Broadcast  

WiMAX Worldwide Interoperability (for MW Access)  

WI-FI  Wireless Fidelity  

WMTS Wireless Medical Telemetry Service  

WSP Wireless Service Providers  

B.  Definitions: 

1.  Not Used 

2.  Not Used 

3.  Bond: Permanent joining of metallic parts to form a n electrically 

conductive path to ensure electrical continuity and  capacity to 

safely conduct any currents likely to be imposed to  earth ground. 

4.  Bundled Microducts: All forms of jacketed microduct s. 

5.  Conduit:  Includes all raceway types specified. 

6.  Conveniently Accessible:  Capable of being reached without use of 

ladders, or without climbing or crawling under or o ver obstacles 

such as, motors, pumps, belt guards, transformers, piping, ductwork, 

conduit and raceways. 

7.  Not Used 

8.  DEMARC, Extended DMARC or ENTR: Service provider's main point of 

demarcation owned by LEC or service provider and es tablishes a 
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physical point where service provider's responsibil ities for service 

and maintenance end. This point is called NID, in d ata networks. 

9.  Effectively Grounded: Intentionally bonded to earth  through 

connections of low impedance having current carryin g capacity to 

prevent buildup of currents and voltages resulting in hazard to 

equipment or persons. 

10.  Electrical Supervision: Analyzing a system’s functi on and components 

(i.e. cable breaks / shorts, inoperative stations, lights, LEDs and 

states of change, from primary to backup) on a 24/7 /365 basis; 

provide aural and visual emergency notification sig nals to minimum 

two remote designated or accepted monitoring statio ns. 

11.  Electrostatic Interference (ESI) or Electrostatic D ischarge 

Interference: Refer to EMI and RFI. 

12.  Not Used 

13.  Not Used 

14.  Grounding Electrode Conductor: (GEC) Conductor conn ected to earth 

grounding electrode. 

15.  Grounding Electrode System: Electrodes through whic h an effective 

connection to earth is established, including suppl ementary, 

communications system grounding electrodes and GEC.  

16.  Grounding Equalizer or Backbone Bonding Conductor ( BBC): Conductor 

that interconnects elements of telecommunications g rounding 

infrastructure. 

17.  Head End (HE): Equipment, hardware and software, or  a master 

facility at originating point in a communications s ystem designed 

for centralized communications control, signal proc essing, and 

distribution that acts as a common point of connect ion between 

equipment and devices connected to a network of int erconnected 

equipment, possessing greatest authority for allowi ng information to 

be exchanged, with whom other equipment is subordin ate. 

18.  Microducts: All forms of air blown fiber pathways. 

19.  Ohm: A unit of restive measurement. 

20.  Not Used 

21.  Service Provider Demarcation Point (SPDP): Not owne d by LEC or 

service provider but designated by Government as po int within 

facility considered the DEMARC. 
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22.  Sound (SND): Changing air pressure to audible signa ls over given 

time span. 

23.  System: Specific hardware, firmware, and software, functioning 

together as a unit, performing task for which it wa s designed. 

24.  Telecommunications Bonding Backbone (TBB): Conducto rs of appropriate 

size (minimum 53.49 mm2 [1/0 AWG]) stranded copper wire, that 

connect to Grounding Electrode System and route to 

telecommunications main grounding busbar (TMGB) and  circulate to 

interconnect various TGBs and other locations shown  on drawings. 

25.  Voice over Internet Protocol (VoIP): A telephone sy stem in which 

voice signals are converted to packets and transmit ted over LAN 

network using Transmission Control Protocol (TCP)/I nternet Protocol 

(IP). VA’S VoIP is not listed or coded for life and  public safety, 

critical, emergency or other protection functions.  When VoIP system 

or equipment is provided instead of PBX system or e quipment, each TR 

(STR) and DEMARC requires increased AC power provid ed to compensate 

for loss of PBX’s telephone instrument line power; and, to 

compensate for absence of PBX’s UPS capability. 

26.  Wide Area Network (WAN): A digital network that tra nscends localized 

LANs within a given geographic location. VA’S WAN/L AN is not 

nationally listed or coded for life and public safe ty, critical, 

emergency or other safety functions. 

1.3 APPLICABLE PUBLICATIONS  

A.  Applicability of Standards:  Unless documents inclu de more stringent 

requirements, applicable construction industry stan dards have same 

force and effect as if bound or copied directly int o the documents to 

extent referenced.  Such standards are made a part of these documents 

by reference. 

1.  Each entity engaged in construction must be familia r with industry 

standards applicable to its construction activity. 

2.  Obtain standards directly from publication source, where copies of 

standards are needed to perform a required construc tion activity. 

B.  Government Codes, Standards and Executive Orders: R efer to 

http://www.cfm.va.gov/TIL/cPro.asp: 

1.  Federal Communications Commission, (FCC) CFR, Title  47: 
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Part 15 Restrictions of use for Part 15 listed RF 

Equipment in Safety of Life Emergency Functions 

and Equipment Locations 

Part 47 Chapter A, Paragraphs 6.1-6.23, Access to 

Telecommunications Service, Telecommunications 

Equipment and Customer Premises Equipment 

2.  US Department of Agriculture, (Title 7, USC, Chapte r 55, Sections 

2201, 2202 & 2203:RUS 1755 Telecommunications Stand ards and 

Specifications for Materials, Equipment and Constru ction: 

RUS Bull 1751F-630 Design of Aerial Cable Plants 

RUS Bull 1751F-640 Design of Buried Cable Plant, Ph ysical 

Considerations 

RUS Bull 1751F-643 Underground Plant Design  

RUS Bull 1751F-815 Electrical Protection of Outside  Plants, 

RUS Bull 1753F-201 Acceptance Tests of Telecommunic ations Plants 

(PC-4) 

RUS Bull 1753F-401 Splicing Copper and Fiber Optic Cables (PC-2) 

RUS Bull 345-50 Trunk Carrier Systems (PE-60) 

RUS Bull 345-65  Shield Bonding Connectors (PE-65) 

RUS Bull 345-72  Filled Splice Closures (PE-74) 

RUS Bull 345-83  Gas Tube Surge Arrestors (PE-80) 

3.  US Department of Commerce/National Institute of Sta ndards 

Technology,(NIST): 

FIPS PUB 1-1 Telecommunications Information Exchang e 

FIPS PUB 100/1 Interface between Data Terminal Equi pment (DTE) 

Circuit Terminating Equipment for operation 

with Packet Switched Networks, or Between Two 

DTEs, by Dedicated Circuit 

FIPS PUB 140/2 Telecommunications Information Secur ity 

Algorithms 

FIPS PUB 143  General Purpose 37 Position Interface  between 

DTE and Data Circuit Terminating Equipment 

FIPS 160/2 Electronic Data Interchange (EDI), 

FIPS 175 Federal Building Standard for 

Telecommunications Pathway and Spaces 

FIPS 191 Guideline for the Analysis of Local Area 

Network Security 
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FIPS 197 Advanced Encryption Standard (AES) 

FIPS 199 Standards for Security Categorization of 

Federal Information and Information Systems 

4.  US Department of Defense, (DoD): 

MIL-STD-188-110 Interoperability and Performance St andards for 

Data Modems 

MIL-STD-188-114 Electrical Characteristics of Digit al Interface 

Circuits 

MIL-STD-188-115 Communications Timing and Synchroni zations 

Subsystems 

MIL-C-28883 Advanced Narrowband Digital Voice Termi nals 

MIL-C-39012/21 Connectors, Receptacle, Electrical, Coaxial, 

Radio Frequency, (Series BNC (Uncabled), Socket 

Contact, Jam Nut Mounted, Class 2) 

5.  US Department of Health and Human Services: 

The Health Insurance Portability and Accountability  Act of 1996 

(HIPAA) Privacy, Security and Breach Notification R ules 

6.  US Department of Justice: 

2010 Americans with Disabilities Act Standards for Accessible Design 

(ADAAD). 

7.  US Department of Labor, (DoL) - Public Law 426-62 –  CFR, Title 29, 

Part 1910, Chapter XVII - Occupational Safety and H ealth 

Administration (OSHA), Occupational Safety and Heal th Standards): 

Subpart 7  Approved NRTLs; obtain a copy at 

http://www.osha.gov/dts/otpca/nrtl/faq_nrtl.htm

l) 

Subpart 35 Compliance with NFPA 101, Life Safety Co de 

Subpart 36 Design and Construction Requirements for  Exit 

Routes 

Subpart 268 Telecommunications 

Subpart 305 Wiring Methods, Components, and Equipme nt for 

General Use 

Subpart 508  Americans with Disabilities Act Access ibility 

Guidelines; technical requirement for 

accessibility to buildings and facilities by 

individuals with disabilities 

8.  Not Used 
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9.  Not Used 

C.  NRTL Standards: Refer to https://www.osha.gov/dts/o tpca/nrtl/index.html 

1.  Canadian Standards Association (CSA); same tests as  presented by UL 

2.  Communications Certifications Laboratory (CEL); sam e tests as 

presented by UL. 

3.  Intertek Testing Services NA, Inc., (ITSNA), former ly Edison Testing 

Laboratory (ETL) same tests as presented by UL). 

4.  Underwriters Laboratory (UL): 

1-2005 Flexible Metal Conduit  

5-2011 Surface Metal Raceway and Fittings 

6-2007 Rigid Metal Conduit 

44-010  Thermoset-Insulated Wires and Cables 

50-1995 Enclosures for Electrical Equipment 

65-2010 Wired Cabinets 

83-2008 Thermoplastic-Insulated Wires and Cables 

96-2005 Lightning Protection Components 

96A-2007 Installation Requirements for Lightning 

Protection Systems 

360-2013 Liquid-Tight Flexible Steel Conduit 

444-2008 Communications Cables 

467-2013 Grounding and Bonding Equipment  

486A-486B-2013 Wire Connectors  

486C-2013 Splicing Wire Connectors 

486D-2005 Sealed Wire Connector Systems 

486E-2009 Standard for Equipment Wiring Terminals f or Use 

with Aluminum and/or Copper Conductors 

493-2007 Thermoplastic-Insulated Underground Feeder  and 

Branch Circuit Cable 

497/497A/497B/497C 

497D/497E Protectors for Paired Conductors/Communic ations 

Circuits/Data Communications and Fire Alarm 

Circuits/coaxial circuits/voltage 

protections/Antenna Lead In 

510-2005 Polyvinyl Chloride, Polyethylene and Rubbe r 

Insulating Tape 

514A-2013 Metallic Outlet Boxes 

514B-2012 Fittings for Cable and Conduit 
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514C-1996 Nonmetallic Outlet Boxes, Flush-Device Bo xes 

and Covers  

651-2011 Schedule 40 and 80 Rigid PVC Conduit 

651A-2011 Type EB and A Rigid PVC Conduit and HDPE 

Conduit 

797-2007 Electrical Metallic Tubing 

884-2011 Underfloor Raceways and Fittings 

1242-2006 Intermediate Metal Conduit 

1449-2006 Standard for Transient Voltage Surge 

Suppressors 

1479-2003 Fire Tests of Through-Penetration Fire St ops 

1480-2003 Speaker Standards for Fire Alarm, Emergen cy, 

Commercial and Professional use 

1666-2007 Standard for Wire/Cable Vertical (Riser) Tray 

Flame Tests 

1685-2007 Vertical Tray Fire Protection and Smoke R elease 

Test for Electrical and Fiber Optic Cables 

1861-2012 Communication Circuit Accessories 

1863-2013 Standard for Safety, communications Circu its 

Accessories 

1865-2007 Standard for Safety for Vertical-Tray Fir e 

Protection and Smoke-Release Test for 

Electrical and Optical-Fiber Cables 

2024-2011 Standard for Optical Fiber Raceways 

2024-2014 Standard for Cable Routing Assemblies and  

Communications Raceways 

2196-2001 Standard for Test of Fire Resistive Cable  

60950-1 ed. 2-2014 Information Technology Equipment  Safety 

D.  Industry Standards: 

1.  Not Used 

2.  American Institute of Architects (AIA): 2006 Guidel ines for Design & 

Construction of Health Care Facilities. 

3.  Not Used  

4.  American Society for Testing and Materials (ASTM): 

B1 (2001) Standard Specification for Hard-Drawn Cop per 

Wire 
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B8 (2004) Standard Specification for Concentric-Lay -

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

D1557 (2012) Standard Test Methods for Laboratory C ompaction 

Characteristics of Soil Using Modified Effort 

56,000 ft-lbf/ft3 (2,700 kN-m/m3) 

D2301 (2004) Standard Specification for Vinyl Chlor ide 

Plastic Pressure Sensitive Electrical 

Insulating Tape 

B258-02 (2008) Standard Specification for Standard Nominal 

Diameters and Cross-Sectional Areas of AWG 

Sizes of Solid Round Wires Used as Electrical 

Conductors 

D709-01(2007) Standard Specification for Laminated 

Thermosetting Materials 

D4566 (2008) Standard Test Methods for Electrical 

Performance Properties of Insulations and 

Jackets for Telecommunications Wire and Cable 

5.  American Telephone and Telegraph Corporation (AT&T)  - Obtain 

following AT&T Publications at https://ebiznet.sbc. com/SBCNEBS/):  

ATT-TP-76461 (2008) Fiber Optic Cleaning 

6.  Not Used 

7.  Building Industry Consulting Service International( BICSI): 

ANSI/BICSI 002-2011 Data Center Design and Implemen tation Best 

Practices 

ANSI/BICSI 004-2012 Information Technology Systems Design and 

Implementation Best Practices for Healthcare 

Institutions and Facilities 

ANSI/NECA/BICSI  

568-2006 Standard for Installing Commercial Buildin g 

Telecommunications Cabling 

NECA/BICSI 607-2011 Standard for Telecommunications  Bonding and 

Grounding Planning and Installation Methods for 

Commercial Buildings 

ANSI/BICSI 005-2013  Electronic Safety and Security  (ESS) System 

Design and Implementation Best Practices 

8.  Electronic Components Assemblies and Materials Asso ciation,(ECA). 
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ECA EIA/RS-270 (1973)Tools, Crimping, Solderless Wi ring Devices – 

Recommended Procedures for User Certification 

EIA/ECA 310-E (2005) Cabinets, and Associated Equip ment 

9.  Facility Guidelines Institute: 2010 Guidelines for Design and 

Construction of Health Care Facilities. 

10.  Insulated Cable Engineers Association (ICEA): 

ANSI/ICEA 

S-80-576-2002 Category 1 & 2 Individually Unshielde d Twisted-

Pair Indoor Cables for Use in Communications 

Wiring Systems 

ANSI/ICEA 

S-84-608-2010 Telecommunications Cable, Filled Poly olefin 

Insulated Copper Conductor, S-87-640(2011) 

Optical Fiber Outside Plant Communications 

Cable 

ANSI/ICEA  

S-98-688 (2012) Broadband Twisted Pair Cable Aircor e, 

Polyolefin Insulated, Copper Conductors 

S-99-689 (2012) Broadband Twisted Pair Cable Filled , Polyolefin 

Insulated, Copper Conductors 

ICEA S-102-700  

(2004) Category 6 Individually Unshielded Twisted P air 

Indoor Cables (With or Without an Overall 

Shield) for use in Communications Wiring 

Systems Technical Requirements 

11.  Institute of Electrical and Electronics Engineers ( IEEE): 

ISSN 0739-5175  March-April 2008 Engineering in Med icine and 

Biology Magazine, IEEE (Volume: 27, Issue:2) 

Medical Grade-Mission Critical-Wireless 

Networks 

IEEE C2-2012 National Electrical Safety Code (NESC)  

C62.41.2-2002/ 

Cor 1-2012 IEEE  Recommended Practice on Characteri zation of 

Surges in Low-Voltage (1000 V and Less) AC 

Power Circuits 4) 
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C62.45-2002 IEEE Recommended Practice on Surge Test ing for 

Equipment Connected to Low-Voltage (1000 V and 

Less) AC Power Circuits 

81-2012 IEEE Guide for Measuring Earth Resistivity,  Ground 

Impedance, and Earth Surface Potentials of a 

Grounding System 

100-1992 IEEE the New IEEE Standards Dictionary of 

Electrical and Electronics Terms 

602-2007 IEEE Recommended Practice for Electric Sys tems 

in Health Care Facilities 

1100-2005 IEEE Recommended Practice for Powering an d 

Grounding Electronic Equipment 

12.  International Code Council: 

AC193 (2014) Mechanical Anchors in Concrete Element s 

13.  Not Used 

14.  National Electrical Manufacturers Association (NEMA ): 

NEMA 250 (2008) Enclosures for Electrical Equipment  (1,000V 

Maximum) 

ANSI C62.61 (1993) American National Standard for G as Tube Surge 

Arresters on Wire Line Telephone Circuits 

ANSI/NEMA FB 1 (2012)Fittings, Cast Metal Boxes and  Conduit Bodies 

for Conduit, Electrical Metallic Tubing EMT) 

and Cable 

ANSI/NEMA OS 1 (2009)Sheet-Steel Outlet Boxes, Devi ce Boxes, Covers, 

and Box Supports 

NEMA SB 19 (R2007) NEMA Installation Guide for Nurs e Call Systems 

TC 3 (2004) Polyvinyl Chloride (PVC) Fittings for U se with 

Rigid PVC Conduit and Tubing 

NEMA VE 2 (2006) Cable Tray Installation Guidelines  

15.  National Fire Protection Association (NFPA):  

70E-2015 Standard for Electrical Safety in the Work place 

70-2014 National Electrical Code (NEC) 

72-2013 National Fire Alarm Code 

75-2013 Standard for the Fire Protection of Informa tion 

Technological Equipment 

76-2012 Recommended Practice for the Fire Protectio n of 

Telecommunications Facilities 
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77-2014 Recommended Practice on Static Electricity 

90A-2015 Standard for the Installation of Air 

Conditioning and Ventilating Systems 

99-2015 Health Care Facilities Code 

101-2015 Life Safety Code 

241 Safeguarding construction, alternation and 

Demolition Operations 

255-2006 Standard Method of Test of Surface Burning  

Characteristics of Building Materials 

262 - 2011 Standard Method of Test for Flame Travel  and 

Smoke of Wires and Cables for Use in Air-

Handling Spaces 

780-2014 Standard for the Installation of Lightning  

Protection Systems 

1221-2013 Standard for the Installation, Maintenanc e, and 

Use of Emergency Services Communications 

Systems 

5000-2015 Building Construction and Safety Code 

16.  Not Used 

17.  Society of Cable Telecommunications Engineers (SCTE ): 

ANSI/SCTE 15 2006  Specification for Trunk, Feeder and 

Distribution Coaxial Cable 

18.  Telecommunications Industry Association (TIA): 

TIA TSB-140 Additional Guidelines for Field-Testing  Length, 

Loss and Polarity of Optical Fiber Cabling 

Systems (2004) 

TIA-155 Guidelines for the Assessment and Mitigatio n of 

Installed Category 6 Cabling to Support 

10GBASE-T (2010) 

TIA TSB-162-A Telecommunications Cabling Guidelines  for 

Wireless Access Points (2013) 

TIA/EIA-423-B Electrical Characteristics of Unbalan ced 

Voltage Digital Interface Circuits (2012) 

TIA-455-C General Requirements for Standard Test 

Procedures for Optical Fibers, Cables, 

Transducers, Sensors, Connecting and 
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Terminating Devices, and other Fiber Optic 

Components (August 2014) 

TIA-455-53-A FOTP-53 Attenuation by Substitution 

Measurements for Multimode Graded-Index Optical 

Fibers in Fiber Assemblies (Long Length) 

(September 2001) 

TIA-455-61-A FOTP-61 Measurement of Fiber of Cable 

Attenuation Using an OTDR (July 2003) 

TIA-472D000-B Fiber Optic Communications Cable for Outside 

Plant Use (July 2007) 

ANSI/TIA-492-B  62.5-µ Core Diameter/125-um Claddin g Diameter 

Class 1a Graded-Index Multimode Optical Fibers 

(November 2009) 

ANSI/TIA-492AAAB-A  50-um Core Diameter/125-um Clad ding Diameter 

Class IA Graded-Index Multimode Optically 

Optimized American Standard Fibers (November 

2009 

TIA-492CAAA Detail Specification for Class IVa  Dis persion- 

Unshifted Single-Mode Optical Fibers (September 

2002) 

TIA-492E000 Sectional Specification for Class IVd N onzero- 

Dispersion Single-Mode Optical Fibers for the 

1,550 nm Window (September 2002) 

TIA-526-7-B Measurement of Optical Power Loss of In stalled 

Single-Mode Fiber Cable Plant – OFSTP-7 

(December 2008) 

TIA-526.14-A Optical Power Loss Measurements of Ins talled 

Multimode Fiber Cable Plant – SFSTP-14 (August 

1998) 

TIA-568 Revision/Edition: C Commercial Building 

Telecommunications Cabling Standard Set: (TIA-

568-C.0-2 Generic Telecommunications Cabling 

for Customer Premises (2012), TIA-568-C.1-1 

Commercial Building Telecommunications Cabling 

Standard Part 1: General Requirements (2012), 

TIA-568-C.2 Commercial Building 

Telecommunications Cabling Standard—Part 2: 
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Balanced Twisted Pair Cabling Components 

(2009), TIA-568-C.3-1 Optical Fiber Cabling 

Components Standard, (2011) AND TIA-568-C.4 

Broadband Coaxial Cabling and Components 

Standard (2011) with addendums and erratas 

TIA-569 Revision/Edition C Telecommunications Pathw ays 

and Spaces (March 2013) 

TIA/EIA-590-A Standard for Physical Location and Pr otection 

of Below Ground Fiber Optic Cable Plant (July 

2001) 

TIA-598-D Optical Fiber Cable Color Coding (January  2005) 

TIA-604-10-B Fiber Optic Connector Intermateablilit y 

Standard (August 2008) 

ANSI/TIA-606-B Administration Standard for Telecomm unications 

Infrastructure (2012) 

TIA-607-B Generic Telecommunications Bonding and 

Grounding (Earthing) For Customer Premises 

(January 2013) 

TIA-613 High Speed Serial Interface for Data Termin al 

Equipment and Data Circuit Terminal Equipment 

(September 2005) 

ANSI/TIA-758-B Customer-owned Outside Plant Telecom munications 

Infrastructure Standard (April 2012) 

ANSI/TIA-854 A Full Duplex Ethernet Specification f or 1000 

Mb/s (1000BASE-TX) Operating over Category 6 

Balanced Twisted-Pair Cabling (2001) 

ANSI/TIA-862-A Building Automation Systems Cabling Standard 

(April 2011) 

TIA-942-A Telecommunications Infrastructure Standar d for 

Data Centers (March 2014) 

TIA-1152 Requirements for Field Testing Instruments  and 

Measurements for Balanced Twisted Pair Cabling 

(September 2009) 

TIA-1179 Healthcare Facility Telecommunications 

Infrastructure Standard (July 2010) 
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1.4 SINGULAR NUMBER  

A.  Where any device or part of equipment is referred i n singular number 

(such as " rack"), reference applies to as many suc h devices as are 

required to complete installation. 

1.5 RELATED WORK 

A.  Specification Order of Precedence: FAR Clause 52.23 6-21, VAAR Clause 

852.236-71. 

1.  Field Cutting and Patching: Section 09 91 00, PAINT ING. 

2.  Additional submittal requirements: Section 01 33 23 , SHOP DRAWINGS, 

PRODUCT DATA AND SAMPLES. 

3.  Availability and source of references and standards  specified in 

applicable publications: Section 01 42 19, REFERENC E STANDARDS. 

4.  Control of environmental pollution and damage for a ir, water, and 

land resources: Section 01 57 19, TEMPORARY ENVIRON MENTAL CONTROLS. 

5.  Requirements for non-hazardous building constructio n and demolition 

waste: Section 01 74 19, CONSTRUCTION WASTE MANAGEM ENT. 

6.  General requirements and procedures to comply with various federal 

mandates and U.S. Department of Veterans Affairs (V A) policies for 

sustainable design: Section 01 81 13, SUSTAINABLE D ESIGN 

REQUIREMENTS. 

7.  Closures of openings in walls, floors, and roof dec ks against 

penetration of flame, heat, and smoke or gases in f ire resistant 

rated construction: Section 07 84 00, FIRESTOPPING.  

8.  Sealant and caulking materials and their applicatio n: Section 07 92 

00, JOINT SEALANTS. 

9.  General electrical requirements that are common to more than one 

section of Division 26: Section 26 05 11, REQUIREME NTS FOR 

ELECTRICAL INSTALLATIONS. 

10.  Electrical conductors and cables in electrical syst ems rated 600 V 

and below: Section 26 05 19, LOW VOLTAGE ELECTRICAL  POWER CONDUCTORS 

AND CABLES. 

11.  Requirements for personnel safety and to provide a low impedance 

path to ground for possible ground fault currents: Section 26 05 26, 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS. 

12.  Conduit and boxes: Section 26 05 33, RACEWAYS AND B OXES FOR 

ELECTRICAL SYSTEMS. 

13.  Wiring devices: Section 26 27 26, WIRING DEVICES. 
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14.  Not Used 

15.  Not Used 

16.  General requirements common to more than one sectio n in Division 28: 

Section 28 05 00, COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY. 

17.  Conductors and cables for electronic safety and sec urity systems: 

Section 28 05 13, CONDUCTORS AND CABLES FOR ELECTRO NIC SAFETY AND 

SECURITY. 

18.  Low impedance path to ground for electronic safety and security 

system ground fault currents: Section 28 05 26, GRO UNDING AND 

BONDING FOR SECURITY SYSTEMS. 

19.  Conduits and partitioned telecommunications raceway s for Electronic 

Safety and Security systems: Section 28 05 28.33, C ONDUITS AND BACK 

BOXES FOR ELECTRONIC SAFETY AND SECURITY. 

20.  Physical Access Control System field-installed cont rollers connected 

by data transmission network: Section 28 13 00, PHY SICAL ACCESS 

DETECTION. 

21.  Not Used 

22.  Not Used 

23.  Not Used 

24.  Not Used 

25.  Alarm initiating devices, alarm notification applia nces, control 

units, fire safety control devices, annunciators, p ower supplies, 

and wiring: Section 28 31 00, FIRE DETECTION AND AL ARM. 

26.  Not Used 

1.6 ADMINISTRATIVE REQUIREMENTS 

A.  Assign a single communications project manager to s erve as point of 

contact for Government, contractor, and design prof essional. 

B.  Be proactive in scheduling work. 

1.  Use of premises is restricted at times directed by COR. 

2.  Movement of materials: Unload materials and equipme nt delivered to 

site.  

3.  Coordinate installation of required supporting devi ces and sleeves 

to be set in poured-in-place concrete and other str uctural 

components, as they are constructed. 

4.  Sequence, coordinate, and integrate installations o f materials and 

equipment for efficient flow of Work.  
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5.  Coordinate connection of materials, equipment, and systems with 

exterior underground and overhead utilities and ser vices. Comply 

with requirements of governing regulations, franchi sed service 

companies, and controlling agencies; provide requir ed connection for 

each service. 

6.  Initiate and maintain discussion regarding schedule  for ceiling 

construction and install cables to meet that schedu le. 

C.  Contact the Office of Telecommunications, Special C ommunications Team 

(005OP2H3) (202)461-5310 to have a Government-accep ted 

Telecommunications COR assigned to project for tele communications 

review, equipment and system approval and coordinat ion with other VA 

personnel. 

D.  Communications Project Manager Responsibilities: 

1.  Assume responsibility for overall telecommunication s system 

integration and coordination of work among trades, subcontractors, 

and authorized system installers. 

2.  Coordinate with related work indicated on drawings or specified. 

3.  Manage work related to telecommunications system in stallation in a 

manner approved by manufacturer. 

1.7 SUBMITTALS 

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, AND SAMPLES. 

B.  Provide parts list including quantity of spare part s. 

C.  Provide manufacturer product information. Governmen t reserves the right 

to require a list of installations where products h ave been in 

operation. 

D.  Provide Source Quality Control Submittal: 

1.  Submit written certification from OEM indicating th at proposed 

supervisor of installation and proposed provider of  warranty 

maintenance are authorized representatives of OEM. Include 

individual's legal name, contact information and OE M credentials in 

certification. 

2.  Submit written certification from OEM that wiring a nd connection 

diagrams meet Government Life Safety Guidelines, NF PA, NEC, NRTL, 

these specifications, and Joint Commission requirem ents and 

instructions, requirements, recommendations, and gu idance set forth 

by OEM for the proper performance of system. 



06-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

 
27 05 11 - 23 

3.  Pre-acceptance Certification: Certification in acco rdance with 

procedure outlined in Section 01 00 00, GENERAL REQ UIREMENTS and 

specific Division 27 qualification documentation. 

E.  Installer Qualifications: Submit three installation s of similar size 

and complexity furnished and installed by installer ; include: 

1.  Installation location and name. 

2.  Owner’s name and contact information including, add ress, telephone 

and email. 

3.  Date of project start and date of final acceptance.  

4.  System project number. 

5.  Three paragraph description of each system related to this project; 

include function, operation, and installation. 

F.  Provide delegated design submittals (e.g. seismic s upport design). 

G.  Submittals are required for all equipment anchors a nd supports. Include 

weights, dimensions, center of gravity, standard co nnections, 

manufacturer's recommendations and behavior problem s (e.g., vibration, 

thermal expansion,) associated with equipment or co nduit. Anchors and 

supports to resist seismic load based on seismic de sign categories per 

section 4.0 of VA seismic design requirements H-18- 8 dated August, 

2013. 

H.  Test Equipment List: 

1.  Supply test equipment of accuracy better than param eters to be 

tested. 

2.  Submit test equipment list including make and model  number: 

a.  ANSI/TIA-1152 Level IIIe  twisted pair cabling test  instrument. 

b.  Fiber optic insertion loss power meter with light s ource. 

c.  Optical time domain reflectometer (OTDR). 

d.  Volt-Ohm meter. 

e.  Digital camera. 

f.  Not Used 

g.  Not Used 

h.  Not Used 

i.  Not Used 

j.  Not Used 

k.  Not Used 

l.  Not Used 

m.  Not Used 
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n.  Optical loss test set. 

3.  Supply only test equipment with a calibration tag f rom Government-

accepted calibration service dated not more than 12  months prior to 

test. 

4.  Provide sample test and evaluation reports. 

I.  Submittal Drawings: 

1.  Telecommunications Space Elevations: Submit detaile d plan views and 

elevations of telecommunication spaces showing rack s, termination 

blocks, and cable paths.  Include following rooms: 

a.  Telecommunications rooms. 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Not Used 

2.  Not Used 

3.  Not Used 

J.  Not Used 

K.  Furnish electronic certified test reports to COR pr ior to final 

inspection and not more than 90 days after completi on of tests. 

1.8 CLOSEOUT SUBMITTALS 

A.  Provide following closeout submittals prior to proj ect closeout date: 

1.  Warranty certificate. 

2.  Evidence of compliance with requirements such as lo w voltage 

certificate of inspection. 

3.  Project record documents. 

4.  Instruction manuals and software that are a part of  system. 

B.  Maintenance and Operation Manuals: Submit in accord ance with Section 01 

00 00, GENERAL REQUIREMENTS. 

1.  Prepare a manual for each system and equipment spec ified. 

2.  Furnish on portable storage drive in PDF format or equivalent 

accepted by COR. 

3.  Furnish complete manual as specified in specificati on section, 

fifteen days prior to performance of systems or equ ipment test. 

4.  Furnish remaining manuals prior to final completion . 

5.  Identify storage drive "MAINTENANCE AND OPERATION M ANUAL" and system 

name. 
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6.  Include name, contact information and emergency ser vice numbers of 

each subcontractor installing system or equipment a nd local 

representatives for system or equipment. 

7.  Provide a Table of Contents and assemble files to c onform to Table 

of Contents. 

8.  Operation and Maintenance Data includes: 

a.  Approved shop drawing for each item of equipment. 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Installation and maintenance instructions. 

f.  Not Used 

g.  Not Used 

h.  Test Results and testing methods. 

i.  Not Used 

j.  Not Used 

k.  Warranty documentation indicating end date and equi pment 

protected under warranty. 

l.  Appendix; list qualified permanent servicing organi zations for 

support of equipment, including addresses and certi fied personnel 

qualifications. 

C.  Record Wiring Diagrams: 

1.  Red Line Drawings: Keep one E size 91.44 cm x 121.9 2 cm (36 inches x 

48 inches) set of floor plans, on site during work hours, showing 

installation progress marked and backbone cable lab els noted. Make 

these drawings available for examination during con struction 

meetings or field inspections. 

2.  General Drawing Specifications: Detail and elevatio n drawings to be 

D size 61 cm x 91.44 cm (24 inches x 36 inches) wit h a minimum scale 

of 0.635 cm = 30.48 cm (1/4 inch = 12 inches). ER, TR and other 

enlarged detail floor plan drawings to be D size 61  cm x 91.44 cm 

(24” x 36”) with a minimum scale of 0.635 cm = 30.4 8 cm (1/4 inch = 

12 inches). Building composite floor plan drawings to be D size 61 

cm x 91.44 cm (24 inches x 36 inches) with a minimu m scale of 3.175 

mm = 30.48 cm (1/8 inch = 1’ 0 inch). 
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3.  Building Composite Floor Plans: Provide building fl oor plans showing 

work area outlet locations and configuration, types  of jacks, 

distance for each cable, and cable routing location s. 

4.  Floor plans to include: 

a.  Final room numbers and actual backbone cabling and pathway 

locations and labeling. 

b.  Inputs and outputs of equipment identified accordin g to labels 

installed on cables and equipment 

c.  Device locations with labels. 

d.  Conduit. 

e.  Not Used 

f.  Wiring diagram. 

g.  Labeling and administration documentation. 

5.  Submit Record Wiring Diagrams within five business days after final 

cable testing. 

6.  Deliver Record Wiring Diagrams as CAD files in .dwg   formats as 

determined by COR. 

7.  Deliver four complete sets of electronic record wir ing diagrams to 

COR on portable storage drive. 

D.  Service Qualifications: Submit name and contact inf ormation of service 

organizations providing service to this installatio n within four hours 

of receipt of notification service is needed. 

1.9 MAINTENANCE MATERIAL SUBMITTALS 

A.  After approval and prior to installation, furnish C OR with the 

following: 

1.  A 300 mm (12 inch) length of each type and size of wire and cable 

along with tag from coils of reels from which sampl es were taken. 

2.  Not Used 

3.  Not Used 

4.  Duct sealing compound. 

1.10 QUALITY ASSURANCE 

A.  Manufacturer’s Qualifications: Manufacturer must pr oduce, as a 

principal product, the equipment and material speci fied for this 

project, and have manufactured item for at least th ree years. 

B.  Product and System Qualification: 
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1.  OEM must have three installations of equipment subm itted presently 

in operation of similar size and type as this proje ct, that have 

continuously operated for a minimum of three years.  

2.  Government reserves the right to require a list of installations 

where products have been in operation before approv al. 

3.  Authorized representative of OEM must be responsibl e for design, 

satisfactory operation of installed system, and cer tification. 

C.  Trade Contractor Qualifications: Trade contractor m ust have completed 

three or more installations of similar systems of c omparable size and 

complexity with regards to coordinating, engineerin g, testing, 

certifying, supervising, training, and documentatio n. Identify these 

installations as a part of submittal. 

D.  System Supplier Qualifications: System supplier mus t be authorized by 

OEM to warranty installed equipment. 

E.  Telecommunications technicians assigned to system m ust be trained, and 

certified by OEM on installation and testing of sys tem; provide written 

evidence of current OEM certifications for installe rs. 

F.  Manufactured Products: 

1.  Comply with FAR clause 52.236-5 for material and wo rkmanship. 

2.  When more than one unit of same class of equipment is required, 

units must be product of a single manufacturer. 

3.  Equipment Assemblies and Components: 

a.  Components of an assembled unit need not be product s of same 

manufacturer. 

b.  Manufacturers of equipment assemblies, which includ e components 

made by others, to assume complete responsibility f or final 

assembled unit. 

c.  Provide compatible components for assembly and inte nded service. 

d.  Constituent parts which are similar must be product  of a single 

manufacturer. 

4.  Identify factory wiring on equipment being furnishe d and on wiring 

diagrams. 

G.  Testing Agencies: Government reserves the option of  witnessing factory 

tests. Notify COR minimum 15 working days prior to manufacturer 

performing the factory tests. 
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1.  When equipment fails to meet factory test and re-in spection is 

required, contractor is liable for additional expen ses, including 

expenses of Government. 

1.11 DELIVERY, STORAGE, AND HANDLING  

A.  Delivery and Acceptance Requirements: 

1.  Government's approval of submittals must be obtaine d for equipment 

and material before delivery to job site. 

2.  Deliver and store materials to job site in OEM's or iginal unopened 

containers, clearly labeled with OEM's name and equ ipment catalog 

numbers, model and serial identification numbers fo r COR to 

inventory cable, patch panels, and related equipmen t. 

B.  Storage and Handling Requirements: 

1.  Equipment and materials must be protected during sh ipment and 

storage against physical damage, dirt, moisture, co ld and rain: 

a.  Store and protect equipment in a manner that preclu des damage or 

loss, including theft. 

b.  Protect painted surfaces with factory installed rem ovable heavy 

kraft paper, sheet vinyl or equivalent. 

c.  Protect enclosures, equipment, controls, controller s, circuit 

protective devices, and other like items, against e ntry of 

foreign matter during installation; vacuum clean bo th inside and 

outside before testing and operating. 

C.  Coordinate storage. 

1.12 FIELD CONDITIONS 

A.  Where variations from documents are requested in ac cordance with 

GENERAL CONDITIONS and Section 01 33 23, SHOP DRAWI NGS, PRODUCT DATA, 

AND SAMPLES, connecting work and related components  must include 

additions or changes to branch circuits, circuit pr otective devices, 

conduits, wire, feeders, controls, panels and insta llation methods. 

B.  A contract adjustment or additional time will not b e granted because of 

field conditions pursuant to FAR 52.236-2 and FAR 5 2.236-3; a contract 

adjustment or additional time will not be granted f or additional work 

required for complete and usable construction and s ystems pursuant to 

FAR 52.246-12. 

1.13 WARRANTY 

A.  Comply with FAR clause 52.246-21, except as follows : 
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1.  Warranty material and equipment to be free from def ects, 

workmanship, and remain so for a period of one year  for Emergency 

Systems from date of final acceptance of system by Government; 

provide OEM’s equipment warranty document to COR. 

2.  Not Used 

PART 2 - PRODUCTS 

2.1 PERFORMANCE AND DESIGN CRITERIA 

A.  Provide communications spaces and pathways conformi ng to TIA 569, at a 

minimum. 

B.  Not Used 

C.  Not Used 

2.2 EQUIPMENT IDENTIFICATION 

A.  Provide laminated black phenolic resin with a white  core nameplates 

with minimum 6 mm (1/4 inch) high engraved letterin g. 

B.  Nameplates furnished by manufacturer as standard ca talog items, unless 

other method of identification is indicated. 

2.3 UNDERGROUND WARNING TAPE – NOT USED 

2.4 WIRE LUBRICATING COMPOUND 

A.  Provide non-hardening or forming adhesive coating c able lubricants 

suitable for cable jacket material and raceway. 

2.5 FIREPROOFING TAPE 

A.  Provide flexible, conformable fabric tape of organi c composition and 

coated one side with flame-retardant elastomer. 

B.  Tape must be self-extinguishing and cannot support combustion; arc-

proof and fireproof. 

C.  Tape cannot deteriorate when subjected to water, ga ses, salt water, 

sewage, or fungus; and tape must be resistant to su nlight and 

ultraviolet light. 

D.  Application must withstand a 200-ampere arc for min imum 30 seconds. 

E.  Securing Tape: Glass cloth electrical tape minimum 0.18 mm (7 mils) 

thick and 19 mm (3/4 inch) wide. 
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2.6 UNDERGROUND CABLES – NOT USED  

2.7 AERIAL (ABOVEGROUND) ENCLOSURES – NOT USED 

2.8 TEMPORARY TIP PATHS (OVERHEAD TRACKS, ROAD/PATH  BRIDGES, ETC.)- NOT USED 

2.9 ACCESS PANELS 

A.  Panels: 304 mm x 304 mm (12 inches by 12 inches)or size allowed by 

location to provide optimum access to equipment for  maintenance and 

service. 

B.  Provide access panels and doors as required to allo w service of 

materials and equipment that require inspection, re placement, repair or 

service.  

C.  Provide access panels where items installed require  access and are 

concealed in floor, wall, furred space or above cei ling; ceilings 

consisting of lay-in or removable splined tiles do not require access 

panels. 

D.  Provide access panels with same fire rating classif ication as surface 

penetrated. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A.  Penetrations and Sleeves: 

1.  Lay out penetration and sleeve openings in advance,  to permit 

provision in work. 

2.  Set sleeves in forms before concrete is poured. 

3.  Set sleeves prior to installation of structure for passage of pipes, 

conduit, ducts, etc. 

4.  Provide sleeves and packing materials at penetratio ns of 

foundations, walls, slabs, partitions, and floors. 

5.  Make sleeves that penetrate outside walls, basement  slabs, footings, 

and beams waterproof. 

6.  Fill slots, sleeves and other openings in floors or  walls if not 

used. 

a.  Fill spaces in openings after installation of condu it or cable. 

b.  Provide fill for floor penetrations to prevent pass age of water, 

smoke, fire, and fumes. 

c.  Provide fire resistant fill in rated floors and wal ls, to prevent 

passage of air, smoke and fumes. 

7.  Install sleeves through floors watertight and exten d minimum 50.8 mm 

(2 inches) above floor surface. 
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8.  Match and set sleeves flush with adjoining floor, c eiling, and wall 

finishes where raceways passing through openings ar e exposed in 

finished rooms. 

9.  Annular space between conduit and sleeve must be mi nimum 6 mm (1/4 

inch). 

10.  Do not provide sleeves for slabs-on-grade, unless s pecified or 

indicated otherwise. 

11.  Comply with requirements for firestopping, for slee ves through rated 

fire walls and smoke partitions. 

12.  Do not support piping risers or conduit on sleeves.  

13.  Identify unused sleeves and slots for future instal lation. 

14.  Provide core drilling if walls are poured or otherw ise constructed 

without sleeves and wall penetration is required; d o not penetrate 

structural members. 

B.  Core Drilling: 

1.  Avoid core drilling whenever possible. 

2.  Coordinate openings with other trades and utilities  and prevent 

damage to structural reinforcement. 

3.  Investigate existing conditions in vicinity of requ ired opening 

prior to coring, including an x-ray of floor if det ermined necessary 

by competent person or COR. 

4.  Protect areas from damage. 

C.  Verification of In-Place Conditions: 

1.  Verify location, use and status of all material, eq uipment, and 

utilities that are specified, indicated, or determi ned necessary for 

removal. 

a.  Verify materials, equipment, and utilities to be re moved are 

inactive, not required, or in use after completion of project.  

b.  Replace with equivalent any material, equipment and  utilities 

that were removed by contractor that are required t o be left in 

place. 

2.  Existing Utilities: Do not interrupt utilities serv ing facilities 

occupied by Government or others unless permitted u nder following 

conditions and then only after arranging to provide  temporary 

utility services, according to requirements indicat ed: 

a.  Notify COR in writing at least 14 days in advance o f proposed 

utility interruptions. 
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b.  Do not proceed with utility interruptions without G overnment’s 

written permission. 

D.  Provide suspended platforms, strap hangers, bracket s, shelves, stands 

or legs for floor, wall and ceiling mounting of equ ipment as required. 

E.  Provide steel supports and hardware for installatio n of hangers, 

anchors, guides, and other support hardware. 

F.  Obtain and analyze catalog data, weights, and other  pertinent data 

required for coordination of equipment support prov isions and 

installation. 

G.  Verify site conditions and dimensions of equipment to ensure access for 

proper installation of equipment without disassembl y that would void 

warranty. 

3.2 INSTALLATION - GENERAL 

A.  Coordinate systems, equipment, and materials instal lation with other 

building components. 

B.  Install systems, materials, and equipment to confor m with approved 

submittal data, including coordination drawings. 

C.  Conform to VAAR 852.236.91 arrangements indicated, recognizing that 

work may be shown in diagrammatic form or have been  impracticable to 

detail all items because of variances in manufactur ers’ methods of 

achieving specified results. 

D.  Install systems, materials, and equipment level and  plumb, parallel and 

perpendicular to other building systems and compone nts, where installed 

in both exposed and un-exposed spaces. 

E.  Install equipment according to manufacturers' writt en instructions. 

F.  Install wiring and cabling between equipment and re lated devices. 

G.  Install cabling, wiring, and equipment to facilitat e servicing, 

maintenance, and repair or replacement of equipment  components. Connect 

equipment for ease of disconnecting, with minimum i nterference of 

adjacent other installations. 

H.  Provide access panel or doors where units are conce aled behind finished 

surfaces. 

I.  Arrange for chases, slots, and openings in other bu ilding components 

during progress of construction, to allow for wirin g, cabling, and 

equipment installations. 
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J.  Where mounting heights are not detailed or dimensio ned, install 

systems, materials, and equipment to provide maximu m headroom and 

access for service and maintenance as possible. 

K.  Install systems, materials, and equipment giving pr iority to systems 

required to be installed at a specified slope. 

L.  Avoid interference with structure and with work or other trades, 

preserving adequate headroom and clearing doors and  passageways to 

satisfaction of COR and code requirements. 

M.  Install equipment and cabling to distribute equipme nt loads on building 

structural members provided for equipment support u nder other sections; 

install and support roof-mounted equipment on struc tural steel or roof 

curbs as appropriate. 

N.  Provide supplementary or miscellaneous items, appur tenances, devices 

and materials for a complete installation. 

3.3 EQUIPMENT INSTALLATION 

A.  Locate equipment as close as practical to locations  shown on drawings. 

B.  Note locations of equipment requiring access on rec ord drawings. 

C.  Access and Access Panels: Verify access panel locat ions and 

construction with COR. 

D.  Inaccessible Equipment: 

1.  Where Government determines that contractor has ins talled equipment 

not conveniently accessible for operation and maint enance, equipment 

must be removed and reinstalled as directed and wit hout additional 

cost to Government. 

2.  Not Used 

3.  Not Used 

3.4 EQUIPMENT IDENTIFICATION 

A.  Install an identification sign which clearly indica tes information 

required for use and maintenance of equipment. 

B.  Secure identification signs with screws. 

3.5 CUTTING AND PATCHING 

A.  Perform cutting and patching according to contract general requirements 

and as follows: 

1.  Remove samples of installed work as specified for t esting.  

2.  Not Used 

3.  Remove and replace defective work. 

4.  Remove and replace non-conforming work.  
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B.  Not Used 

C.  Provide and maintain temporary partitions or dust b arriers adequate to 

prevent spread of dust and dirt to adjacent areas. 

D.  Protect adjacent installations during cutting and p atching operations. 

E.  Protect structure, furnishings, finishes, and adjac ent materials not 

indicated or scheduled to be removed. 

F.  Patch finished surfaces and building components usi ng new materials 

specified for original installation and experienced  installers. 

3.6 FIELD QUALITY CONTROL 

A.  Provide work according to VAAR 852.236.91 and FAR c lause 52.236-5. 

B.  Provide minimum clearances and work required for co mpliance with NFPA 

70, National Electrical Code (NEC), and manufacture rs' instructions; 

comply with additional requirements indicated for a ccess and 

clearances. 

C.  Verify all field conditions and dimensions that aff ect selection and 

provision of materials and equipment, and provide a ny disassembly, 

reassembly, relocation, demolition, cutting and pat ching required to 

provide work specified or indicated, including relo cation and 

reinstallation of existing wiring and equipment. 

1.  Protect facility, equipment, and wiring from damage . 

D.  Submit written notice that: 

1.  Project has been inspected for compliance with docu ments. 

2.  Work has been completed in accordance with document s. 

E.  Non-Conforming Work: Conduct project acceptance ins pections, final 

completion inspections, substantial completion insp ections, and 

acceptance testing and demonstrations after verific ation of system 

operation and completeness by Contractor. 

F.  For project acceptance inspections, final completio n inspections, 

substantial completion inspections, and testing/dem onstrations that 

require more than one site visit by COR or design p rofessional to 

verify project compliance for same material or equi pment, Government 

reserves right to obtain compensation from contract or to defray cost of 

additional site visits that result from project con struction or testing 

deficiencies and incompleteness, incorrect informat ion, or non-

compliance with project provisions. 
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1.  COR will notify contractor, of hourly rates and tra vel expenses for 

additional site visits and will issue an invoice to  Contractor for 

additional site visits. 

2.  Contractor is not eligible for extensions of projec t schedule or 

additional charges resulting from additional site v isits that result 

from project construction or testing deficiencies/i ncompleteness, 

incorrect information, or non-compliance with Proje ct provisions. 

G.  Tests: 

1.  Interim inspection is required at approximately 50 percent of 

installation. 

2.  Request inspection ten working days prior to interi m inspection 

start date by notifying COR in writing; this inspec tion must verify 

equipment and system being provided adheres to inst allation, 

mechanical and technical requirements of constructi on documents. 

3.  Inspection to be conducted by OEM and factory-certi fied contractor 

representative, and witnessed by COR, facility and SMCS 0050P2H3 

representatives. 

4.  Check each item of installed equipment to ensure ap propriate NRTL 

listing labels and markings are fixed in place. 

5.  Verify cabling terminations in DEMARC, MCR, TER, SC C, ECC, TRs and 

head end rooms, workstation locations and TCO adher e to color code 

for T568B  pin assignments and cabling connections are in compliance 

with TIA standards. 

6.  Visually confirm minimum Category 6 cable marking a t TCOs, CCSs 

locations, patch cords and origination locations. 

7.  Not Used 

8.  Review cable tray, conduit and path/wire way instal lation practice. 

9.  OEM and contractor to perform: 

a.  Fiber optical cable field inspection tests via atte nuation 

measurements on factory reels; provide results alon g with OEM 

certification for factory reel tests. 

10.  Relocate failed cable reels to a secured location f or inventory, as 

directed by COR, and then remove from project site within two 

working days; provide COR with written confirmation  of defective 

cable reels removal from project site. 

11.  Provide results of interim inspections to COR. 
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12.  If major or multiple deficiencies are discovered, a dditional interim 

inspections could be required until deficiencies ar e corrected, 

before permitting further system installation. 

a.  Additional inspections are scheduled at direction o f COR. 

b.  Re-inspection of deficiencies noted during interim inspections, 

must be part of system’s Final Acceptance Proof of Performance 

Test. 

c.  The interim inspection cannot affect the system’s c ompletion date 

unless directed by COR. 

13.  Facility COR will ensure test documents become a pa rt of system’s 

official documentation package. 

H.  Pretesting: Re-align, re-balance, sweep, re-adjust and clean entire 

system and leave system working for a “break-in” pe riod, upon 

completing installation of system and prior to Fina l Acceptance Proof 

of Performance Test. System RF transmitting equipme nt must not be 

connected to keying or control lines during “break- in” period. 

1.  Pretesting Procedure: 

a.  Verify systems are fully operational and meet perfo rmance 

requirements, utilizing accepted test equipment and  spectrum 

analyzer. 

b.  Pretest and verify system functions and performance  requirements 

conform to construction documents and, that no unwa nted physical, 

aural and electronic effects, such as signal distor tion, noise 

pulses, glitches, audio hum, poling noise are prese nt. 

2.  Measure and record signal, aural and control carrie r levels of each 

DAS RF, voice and data channel, at each of the foll owing minimum 

points in system: 

a.  Not Used 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Not Used 

f.  Not Used 

g.  Not Used 

h.  TER interconnections. 

i.  TOR interconnections. 

j.  Not Used 
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k.  Not Used 

l.  Not Used  

m.  Not Used 

n.  Not Used 

o.  Not Used 

p.  Not Used 

q.  Not Used 

r.  Not Used 

s.  Not Used 

t.  Others as required by AHJ (SMCS 005OP2H3). 

3.  Provide recorded system pretest measurements and ce rtification that 

the system is ready for formal acceptance test to C OR. 

I.  Acceptance Test: 

1.  Schedule an acceptance test date after system has b een pretested, 

and pretest results and certification submitted to COR. 

2.  Give COR fifteen working days written notice prior to date test is 

expected to begin; include expected duration of tim e for test in 

notification. 

3.  Test in the presence of the following: 

a.  COR. 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Not Used 

f.  Not Used 

4.  Test system utilizing accepted test equipment to ce rtify proof of 

performance and Life and Public Safety compliance, FCC, NRTL, NFPA 

and OSHA compliance. 

a.  Rate system as acceptable or unacceptable at conclu sion of test; 

make only minor adjustments and connections require d to show 

proof of performance. 

1)  Demonstrate and verify that system complies with pe rformance 

requirements under operating conditions. 

2)  Failure of any part of system that precludes comple tion of 

system testing, and which cannot be repaired within  four 

hours, terminates acceptance test of that portion o f system. 
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3)  Repeated failures that result in a cumulative time of eight 

hours to affect repairs is cause for entire system to be 

declared unacceptable. 

4)  If system is declared unacceptable, retesting must be 

rescheduled at convenience of Government and costs borne by 

the contractor. 

J.  Acceptance Test Procedure: 

1.  Physical and Mechanical Inspection: The test team r epresentatives 

must tour major areas to determine system and sub-s ystems are 

completely and properly installed and are ready for  acceptance 

testing. 

2.  A system inventory including available spare parts must be taken at 

this time. 

3.  Each item of installed equipment must be re-checked  to ensure 

appropriate NRTL (i.e. UL) certification listing la bels are affixed. 

4.  Confirm that deficiencies reported during Interim I nspections and 

Pretesting are corrected prior to start of Acceptan ce Test. 

5.  Inventory system diagrams, record drawings, equipme nt manuals, 

pretest results. 

6.  Failure of system to meet installation requirements  of 

specifications is grounds for terminating testing a nd to schedule 

re-testing. 

K.  Operational Test: 

1.  Individual Item Test: VACO AHJ representative (SMCS  005OP2H3) may 

select individual items of equipment for detailed p roof of 

performance testing until 100 percent of system has  been tested and 

found to meet requirements of the construction docu ments. 

2.  Government’s Condition of Acceptance of System Lang uage: 

a.  Without Acceptance: Until system fully meets condit ions of 

construction documents, system’s ownership, use, op eration and 

warranty commences at Government’s final acceptance  date. 

b.  With Conditional Acceptance: Stating conditions tha t need to be 

addressed by contractor or OEM and stating system’s  use and 

operation to commence immediately while its warrant y commences 

only at Government’s agreed final extended acceptan ce date. 
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c.  With Full Acceptance: Stating system’s ownership, u se, operation 

and warranty to immediately commence at Government’ s agreed to 

date of final acceptance. 

L.  Acceptance Test Conclusion: Reschedule testing on d eficiencies and 

shortages with COR, after COR and SMCS AHJ jointly agree to results of 

the test, using the generated punch list or discrep ancy list. Perform 

retesting to comply with these specifications at co ntractor's expense. 

M.  Proof of Performance Certification: 

1.  If system is declared acceptable, AHJ (SMCS 005OP2H 3) provides COR 

notice stating system processes to required operati ng standards and 

functions and is Government accepted for use by fac ility. 

2.  Validate items with COR needing to be provided to c omplete project 

contract (i.e. charts & diagrams, manuals, spare pa rts, system 

warranty documents executed, etc.). Once items have  been provided, 

COR contacts FMS service chief to turn over system from CFM 

oversight for beneficial use by facility. 

3.  If system is declared unacceptable without conditio ns, rescheduled 

testing expenses are to be borne by contractor. 

3.7 CLEANING 

A.  Remove debris, rubbish, waste material, tools, cons truction equipment, 

machinery and surplus materials from project site a nd clean work area, 

prior to final inspection and acceptance of work. 

B.  Put building and premises in neat and clean conditi on. 

C.  Remove debris on a daily basis. 

D.  Remove unused material, during progress of work. 

E.  Perform cleaning and washing required to provide ac ceptable appearance 

and operation of equipment to satisfaction of COR. 

F.  Clean exterior surface of all equipment, including concrete residue, 

dirt, and paint residue, after completion of projec t. 

G.  Perform final cleaning prior to project acceptance by COR. 

H.  Remove paint splatters and other spots, dirt, and d ebris; touch up 

scratches and mars of finish to match original fini sh. 

I.  Clean devices internally using methods and material s recommended by 

manufacturer. 

J.  Tighten wiring connectors, terminals, bus joints, a nd mountings, to 

include lugs, screws and bolts according to equipme nt manufacturer’s 

published torque tightening values for equipment co nnectors. In absence 
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of published connection or terminal torque values, comply with torque 

values specified in UL 486A-486B. 

3.8 TRAINING 

A.  Provide training in accordance with subsection, INS TRUCTIONS, of 

Section 01 00 00, GENERAL REQUIREMENTS. 

B.  Provide training for equipment or system as require d in each associated 

specification. 

C.  Develop and submit training schedule for approval b y COR, at least 30 

days prior to planned training. 

3.9 PROTECTION 

A.  Protection of Fireproofing: 

1.  Install clips, hangers, clamps, supports and other attachments to 

surfaces to be fireproofed, if possible, prior to s tart of spray 

fireproofing work. 

2.  Install conduits and other items that would interfe re with proper 

application of fireproofing after completion of spr ay fire proofing 

work. 

3.  Patch and repair fireproofing damaged due to cuttin g or course of 

work must be performed by installer of fireproofing  and paid for by 

trade responsible for damage. 

B.  Maintain equipment and systems until final acceptan ce. 

C.  Ensure adequate protection of equipment and materia l during 

installation and shutdown and during delays pending  final test of 

systems and equipment because of seasonal condition s. 

- - - E N D - - - 
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SECTION 27 05 26 
GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section identifies common and general groundin g and bonding 

requirements of communication installations and app lies to all sections 

of Divisions 27 . 

1.2 RELATED WORK – NOT USED 

1.3 SUBMITTALS 

A.  Submit in accordance with Section 27 05 11, REQUIRE MENTS FOR 

COMMUNICATIONS INSTALLATIONS. 

B.  Not Used 

C.  Closeout Submittals: In addition to Section 27 05 1 1, REQUIREMENTS FOR 

COMMUNICATIONS INSTALLATIONS provide the following:  

1.  Not Used 

2.  Certifications: Two weeks prior to final inspection , submit 

following to COR: 

a.  Certification materials and installation is in acco rdance with 

construction documents. 

b.  Certification complete installation has been instal led and 

tested. 

PART 2 - PRODUCTS  

2.1 COMPONENTS 

A.  Grounding and Bonding Conductors: 

1.  Provide UL 83 insulated stranded copper equipment g rounding 

conductors, with the exception of solid copper cond uctors for sizes 

6 mm² (10 AWG) and smaller. Identify all grounding conductors with 

continuous green insulation color, except identify wire sizes 25 mm² 

(4 AWG) and larger per NEC. 

2.  Provide ASTM B8 bare stranded copper bonding conduc tors, with the 

exception of ASTM B1 solid bare copper for wire siz es 6 mm² (10 AWG) 

and smaller. 

B.  Not Used 

C.  Splices and Termination Components: Provide compone nts meeting or 

exceeding UL 467 and clearly marked with manufactur er’s name, catalog 

number, and permitted conductor sizes. 

D.  Telecommunication System Ground Busbars: 
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1.  Not Used 

2.  Telecommunications Grounding Busbar (TGB): 

a.  6.4 mm (1/4 inch) thick solid copper bar. 

b.  Minimum 50 mm (2 inches) high and length sized in a ccordance 

application requirements and future growth of minim um 300 mm long 

(12 inches) long. 

c.  Minimum nine predrilled attachment points (one row)  for attaching 

standard sized two-hole grounding lugs. 

1)  6 lugs with 15.8 mm (5/8 inch) hole centers.  

2)  3 lugs with 25.4 mm (1 inch) hole centers. 

d.  Wall-mount stand-off brackets, assembly screws and insulators for 

100 mm (4 inches) standoff from wall. 

e.  Listed as grounding and bonding equipment. 

E.  Not Used 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Antioxidant Joint Compound: Oxide inhibiting joint compound for copper-

to-copper, aluminum-to-aluminum or aluminum-to-copp er connections. 

PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION AND REQUIREMENTS 

A.  Not Used 

B.  Not Used 

C.  Not Used 

D.  Conduit Systems: 

1.  Bond ferrous metallic conduit to ground. 

2.  Bond grounding conductors installed in ferrous meta llic conduit at 

both ends of conduit using grounding bushing with # 6 AWG conductor. 

E.  Boxes, Cabinets, and Enclosures: 

1.  Bond each pull box, splice box, equipment cabinet, and other 

enclosures through which conductors pass (except fo r special 

grounding systems for intensive care units and othe r critical units 

shown) to ground. 

2.  Not Used 

F.  Corrosion Inhibitors: Apply corrosion inhibitor for  protecting 

connection between metals used to contact surfaces,  when making ground 

and ground bonding connections. 
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G.  Telecommunications Grounding System: 

1.  Bond telecommunications grounding systems and equip ment to 

facility’s electrical grounding electrode at Inters ystem Bonding 

Termination. 

2.  Provide hardware as required to effectively bond me tallic cable 

shields communications pathways, cable runway, and equipment chassis 

to ground. 

3.  Install bonding conductors without splices using sh ortest length of 

conductor possible to maintain clearances required by NEC. 

4.  Provide paths to ground that are permanent and cont inuous with a 

resistance of 1 ohm or less from each raceway, cabl e tray, and 

equipment connection to telecommunications groundin g busbar. 

5.  Not Used 

6.  Above-Grade Bolted or Screwed Grounding Connections : 

a.  Remove paint to expose entire contact surface by gr inding. 

b.  Clean all connector, plate and contact surfaces. 

c.  Apply corrosion inhibitor to surfaces before joinin g. 

7.  Not Used 

8.  Not Used 

H.  Telecommunications Room Bonding: 

1.  Telecommunications Grounding Busbars: 

a.  Install busbar hardware no less than 950 mm (18 inc hes) A.F.F. 

b.  Where other grounding busbars are located in same r oom, e.g. 

electrical panelboard for telecommunications equipm ent, bond 

busbars together as indicated on grounding riser di agrams. 

c.  Make conductor connections with two-hole compressio n lugs sized 

to fit busbar and conductors. 

d.  Attach lugs with stainless steel hardware after pre paring bond 

according to manufacturer recommendations and treat ing bonding 

surface on busbar with anti-oxidant to help prevent  corrosion. 

2.  Not Used 

I.  Not Used 

J.  Not Used 

K.  Other Communication Room Ground Systems: Ground met allic conduit, 

wireways, and other metallic equipment located away  from equipment 

racks or cabinets to cable tray or telecommunicatio ns ground busbar, 
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whichever is closer, using insulated 16 mm² (6 AWG)  ground wire bonding 

jumpers. 

L.  Not Used 

M.  Communications Cable Tray Systems: 

1.  Bond metallic structures of cable tray to provide 1 00 percent 

electrical continuity throughout cable tray systems . 

2.  Where metallic cable tray systems are mechanically discontinuous: 

a.  Install splice plates provided by cable tray manufa cturer between 

cable tray sections so resistance across a bolted c onnection is 

0.010 ohms or less, as verified by measuring across  splice plate 

connection. 

b.  Install 16 mm² (6 AWG) bonding jumpers across each cable tray 

splice or junction where splice plates cannot be us ed. 

3.  Bond cable tray installed in same room as telecommu nications 

grounding busbar to busbar. 

N.  Communications Raceway Grounding: 

1.  Conduit: Use insulated 16 mm² (6 AWG) bonding jumpe rs to bond 

metallic conduit at both ends and intermediate meta llic enclosures 

to ground. 

2.  Not Used 

O.  Not Used 

P.  Not Used 

3.2 FIELD QUALITY CONTROL 

A.  Perform tests per BICSI’s Information Technology Sy stems Installation 

Methods Manual (ITSIMM), Recommended Testing Proced ures and Criteria. 

B.  Perform two-point bond test using trained installer s qualified to use 

test equipment. 

C.  Conduct continuity test to verify that metallic pat hways in 

telecommunications spaces are bonded to TGB or TMGB . 

D.  Conduct electrical continuity test to verify that T MGB is effectively 

bonded to grounding electrode conductor. 

E.  Visually inspect to verify that screened and shield ed cables are bonded 

to TGB or TMGB. 

F.  Perform a resistance test to ensure patch panel, ra ck and cabinet 

bonding connection resistance measures less than 5 Ohms to TGB or TMGB. 

- - - E N D - - - 
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SECTION 27 05 33 
RACEWAYS AND BOXES FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies conduit, fittings, and boxes  to form complete, 

coordinated, raceway systems. Raceways are required  for communications 

cabling unless shown or specified otherwise. 

1.2 RELATED WORK 

A.  Not Used 

B.  Not Used 

C.  Sealing around penetrations to maintain integrity o f fire rated 

construction: Section 07 84 00, FIRESTOPPING. 

D.  Not Used 

E.  Sealing around conduit penetrations through buildin g envelope to 

prevent moisture migration into building: Section 0 7 92 00, JOINT 

SEALANTS. 

F.  Identification and painting of conduit and other de vices: Section 09 91 

00, PAINTING. 

G.  Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents: Section 27 05 2 6, GROUNDING AND 

BONDING FOR COMMUNICATIONS SYSTEMS. 

1.3 SUBMITTALS  

A.  In accordance with Section 27 05 11, REQUIREMENTS F OR COMMUNICATIONS 

INSTALLATIONS, submit the following: 

1.  Size and location of cabinets, splice boxes and pul l boxes. 

2.  Layout of required conduit penetrations through str uctural elements. 

3.  Catalog cuts marked with specific item proposed and  area of 

application identified. 

B.  Certification: Provide letter prior to final inspec tion, certifying 

material is in accordance with construction documen ts and properly 

installed. 

PART 2 - PRODUCTS 

2.1 MATERIAL 

A.  Minimum Conduit Size: 25 mm (1 inch). 

B.  Conduit: 

1.  Rigid Galvanized Steel: Conform to UL 6, ANSI C80.1 . 

2.  Rigid Aluminum: Conform to UL 6A, ANSI C80.5. 
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3.  Rigid Intermediate Steel Conduit (IMC): Conform to UL 1242, ANSI 

C80.6. 

4.  Electrical Metallic Tubing (EMT): 

a.  Maximum Size: 105 mm (4 inches). 

b.  Install only for cable rated 600 volts or less. 

c.  Conform to UL 797, ANSI C80.3. 

5.  Flexible Galvanized Steel Conduit: Conform to UL 1.  

6.  Liquid-tight Flexible Metal Conduit: Conform to UL 360. 

7.  Direct Burial Plastic Conduit: Conform to UL 651 an d UL 651A, heavy 

wall PVC, or high density polyethylene (HDPE). 

8.  Surface Metal Raceway: Conform to UL 5. 

9.  Wireway, Approved “Basket”: Provide "Telecommunicat ions Service” 

rated with approved length way partitions and cable  straps to 

prevent wires and cables from changing from one par titioned pathway 

to another. 

C.  Conduit Fittings: 

1.  Rigid Galvanized Steel and Rigid Intermediate Steel  Conduit 

Fittings: 

a.  Provide fittings meeting requirements of UL 514B an d ANSI/ NEMA 

FB 1. 

b.  Sealing: Provide threaded cast iron type. Use conti nuous drain 

type sealing fittings to prevent passage of water a nd vapor. In 

concealed work, install sealing fittings in flush s teel boxes 

with blank cover plates having same finishes as oth er electrical 

plates in room. 

c.  Standard Threaded Couplings, Locknuts, Bushings, an d Elbows: Only 

steel or malleable iron materials are acceptable. I ntegral 

retractable type IMC couplings are also acceptable.  

d.  Locknuts: Bonding type with sharp edges for digging  into metal 

wall of an enclosure. 

e.  Bushings: Metallic insulating type, consisting of a n insulating 

insert molded or locked into metallic body of fitti ng. Bushings 

made entirely of metal or nonmetallic material are not permitted. 

f.  Erickson (union-type) and Set Screw Type Couplings:  

1)  Couplings listed for use in concrete are permitted for use to 

complete a conduit run where conduit is installed i n concrete. 
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2)  Use set screws of case hardened steel with hex head  and cup 

point to seat in conduit wall for positive ground. Tightening 

of set screws with pliers is prohibited. 

g.  Provide OEM approved fittings. 

2.  Rigid Aluminum Conduit Fittings: 

a.  Standard Threaded Couplings, Locknuts, Bushings, an d Elbows: 

Malleable iron, steel or aluminum alloy materials; Zinc or 

cadmium plate iron or steel fittings. Aluminum fitt ings 

containing more than 0.4 percent copper are not per mitted. 

b.  Locknuts and Bushings: As specified for rigid steel  and IMC 

conduit. 

c.  Set Screw Fittings: Not permitted for use with alum inum conduit. 

3.  Electrical Metallic Tubing Fittings: 

a.  Conform to UL 514B and ANSI/ NEMA FB1; only steel o r malleable 

iron materials are acceptable. 

b.  Couplings and Connectors: Concrete tight and rain t ight, with 

connectors having insulated throats. 

1)  Use gland and ring compression type couplings and c onnectors 

for conduit sizes 50 mm (2 inches) and smaller. 

2)  Use set screw type couplings with four set screws e ach for 

conduit sizes over 50 mm (2 inches). 

3)  Use set screws of case-hardened steel with hex head  and cup 

point to seat in wall of conduit for positive groun ding. 

c.  Indent type connectors or couplings are not permitt ed. 

d.  Die-cast or pressure-cast zinc-alloy fittings or fi ttings made of 

"pot metal" are not permitted. 

e.  Provide OEM approved fittings. 

4.  Flexible Steel Conduit Fittings: 

a.  Conform to UL 514B; only steel or malleable iron ma terials are 

acceptable. 

b.  Provide clamp type, with insulated throat. 

c.  Provide OEM approved fittings. 

5.  Liquid-tight Flexible Metal Conduit Fittings: 

a.  Conform to UL 514B and ANSI/ NEMA FB1; only steel o r malleable 

iron materials are acceptable. 

b.  Fittings must incorporate a threaded grounding cone , a steel or 

plastic compression ring, and a gland for tightenin g. 
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c.  Provide connectors with insulated throats to preven t damage to 

cable jacket. 

d.  Provide OEM approved fittings. 

6.  Not Used 

7.  Surface Metal Raceway: Conform to UL 5 and “telecom munications 

service” rated with approved length-way partitions and cable straps 

to prevent wires and cables from changing from one partitioned 

pathway to another. 

8.  Surface Metal Raceway Fittings: As recommended by r aceway 

manufacturer. 

9.  Expansion and Deflection Couplings: 

a.  Conform to UL 467 and UL 514B. 

b.  Accommodate 19 mm (3/4 inch) deflection, expansion,  or 

contraction in any direction, and allow 30 degree a ngular 

deflections. 

c.  Include internal flexible metal braid sized to ensu re conduit 

ground continuity and fault currents in accordance with UL 467, 

and NEC code tables for ground conductors. 

d.  Jacket: Flexible, corrosion-resistant, watertight, moisture and 

heat resistant molded rubber material with stainles s steel jacket 

clamps. 

10.  Rigid Aluminum Fittings: 

a.  Provide malleable iron, steel or aluminum alloy mat erials; zinc 

or cadmium plate iron or steel fittings. Aluminum f ittings 

containing more than 0.4 percent copper are prohibi ted. 

b.  Locknuts and Bushings: As specified for rigid steel  and IMC 

conduit. 

c.  Set Screw Fittings: Not permitted for use with alum inum conduit. 

d.  Indent type connectors or couplings are prohibited.  

e.  Die-cast or pressure-cast zinc-alloy fit-tings or f ittings made 

of “pot metal” are not permitted. 

f.  Provide OEM approved fittings. 

11.  Wireway Fittings: As recommended by wireway OEM. 

D.  Conduit Supports: 

1.  Parts and Hardware: Provide zinc-coat or equivalent  corrosion 

protection. 
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2.  Individual Conduit Hangers: Designed for the purpos e, having a pre-

assembled closure bolt and nut, and provisions for receiving a 

hanger rod. 

3.  Multiple Conduit (Trapeze) Hangers: Minimum 38 mm b y 38 mm (1-1/2 by 

1-1/2 inch), 2.78 mm (12 gage) steel, cold formed, lipped channels; 

with minimum 9 mm (3/8 inch) diameter steel hanger rods. 

4.  Solid Masonry and Concrete Anchors: Self-drilling e xpansion shields, 

or machine bolt expansion. 

E.  Outlet, Splice, and Pull Boxes: 

1.  Conform to UL-50 and UL-514A. 

2.  Cast metal where required by NEC or shown, and equi pped with 

rustproof boxes. 

3.  Sheet Metal Boxes: Galvanized steel, except where o therwise shown. 

4.  Install flush mounted wall or ceiling boxes with ra ised covers so 

that front face of raised cover is flush with wall.  

5.  Install surface mounted wall or ceiling boxes with surface style 

flat or raised covers. 

F.  Wireways: Equip with hinged covers, except where re movable covers are 

shown. 

G.  Not Used 

H.  Not Used 

I.  Outlet Boxes: 

1.  Flush wall mounted minimum 11.9 cm (4-11/16 inches)  square, 9.2 cm 

(3-5/8 inches) deep pressed galvanized steel. 

2.  Flush wall mounted 11.9 cm (4-11/16 inches) square x 6.35 cm (2-1/2 

inches); deep pressed galvanized steel. 

3.  2-Gang Tile Box: 

a.  Flush backbox type for installation in block walls.  

b.  Minimum 92 mm (3-5/8 inches) deep. 

J.  Weatherproof Outlet Boxes: Surface mount two gang, 67 mm (2-5/8 inches) 

deep weatherproof cast aluminum with powder coated finish internal 

threads on hubs 19 mm (3/4 inch) minimum. 

K.  Cable Tray: 

1.  Provide wire basket type of sizes indicated; with a ll required 

splicing and mounting hardware. 

2.  Materials and Finishes: 
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a.  Electro-plated zinc galvanized (post plated) made f rom carbon 

steel and plated to ASTM B 633, Type III, SC-1. 

b.  Remove soot, manufacturing residue/oils, or metalli c particles 

after fabrication. 

c.  Rounded edges and smooth surfaces. 

3.  Provide continuous welded top side wire to protect cable insulation 

and installers. 

4.  High strength steel wires formed into a 50 x 100 mm  (2 inches by 4 

inches) wire mesh pattern with intersecting wires w elded together. 

5.  Wire Basket Sizes: 

a.  Wire Diameter: 5 mm (0.195 inch) minimum on all mes h sections. 

b.  Usable Loading Depth: 105 mm (4 inch). 

c.  Width: 150 mm (6 inches) minimum.  Sized as indicat ed on 

drawings. 

6.  Fittings: Field-formed, from straight sections, in accordance with 

manufacturer’s instructions. 

7.  Provide accessories to protect, support and install  wire basket tray 

system. 

L.  Not Used 

M.  Not Used 

PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION AND REQUIREMENTS  

A.  Raceways typically required for cabling systems unl ess otherwise 

indicated: 

System Specification Section Installed Method 

Grounding 27 05 26 Conduit Not Required 

Communications 

Structured Cabling 

27 15 00 Conduit to Cable Tray 
Partitioned Cable Tray 

Grounding and Bonding 
for Electronic Safety 

and Security 

28 05 26 Conduit Not Required 
Unless Required by Code 

Physical Access Control 
System 

28 13 00 Conduit to Cable Tray 
Partitioned Cable Tray 

Physical Access Control 
System and Database 

Management 

28 13 16 Conduit to Cable Tray 
Partitioned Cable Tray 

Fire Detection and Alarm 28 31 00 Complete Conduit 
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B.  Penetrations: 

1.  Cutting or Holes: 

a.  Locate holes in advance of installation. Where they  are proposed 

in structural sections, obtain approval of structur al engineer 

and COR prior to drilling through structural sectio ns. 

b.  Make holes through concrete and masonry in new and existing 

structures with a diamond core drill or concrete sa w. Pneumatic 

hammer, impact electric, hand or manual hammer type  drills are 

not permitted; COR may grant limited permission by request, in 

condition of limited working space. 

c.  Fire Stop: Where conduits, wireways, and other comm unications 

raceways pass through fire partitions, fire walls, smoke 

partitions, or floors, install a fire stop that pro vides an 

effective barrier against spread of fire, smoke and  gases as 

specified in Section 07 84 00, FIRESTOPPING. 

1)  Fill and seal clearances between raceways and openi ngs with 

fire stop material. 

2)  Install only retrofittable, non-hardening, and reus able 

firestop material that can be removed and reinstall ed to seal 

around cables inside conduits. 

d.  Waterproofing at Floor, Exterior Wall, and Roof Con duit 

Penetrations: 

1)  Seal clearances around conduit and make watertight as 

specified in Section 07 92 00, JOINT SEALANTS.  

2)  Not Used 

C.  Conduit Installation: 

1.  Minimum conduit size of 25 mm (1 inch), but not les s than size 

required for 40 percent fill. 

2.  Install insulated bushings on all conduit ends. 

3.  Install pull boxes after every 180 degrees of bends  (two 90 degree 

bends). Size boxes per TIA 569. 

4.  Extend vertical conduits/sleeves through floors min imum 75 mm (3 

inches) above floor and minimum 75 mm (3 inches) be low ceiling of 

floor below. 

5.  Terminate conduit runs to and from a backboard in a  closet or 

interstitial space at top or bottom of backboard. I nstall conduits 
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to enter telecommunication rooms next to wall and f lush with 

backboard. 

6.  Where drilling is necessary for vertical conduits, locate holes so 

as not to affect structural sections. 

7.  Seal empty conduits located in telecommunications r ooms or on 

backboards with a standard non-hardening putty comp ound to prevent 

entrance of moisture and gases and to meet fire res istance 

requirements. 

8.  Minimum radius of communication conduit bends: 

Sizes of Conduit 

Trade Size 

Radius of Conduit Bends 

mm, Inches 

3/4 150 (6) 

1 230 (9) 

1-1/4 350 (14) 

1-1/2 430 (17) 

2 525 (21) 

2-1/2 635 (25) 

3 775 (31) 

3-1/2 900 (36) 

4 1125 (45) 

9.  Not Used 

10.  Provide pull wire in all empty conduits; sleeves th rough floor are 

exceptions. 

11.  Complete each entire conduit run installation befor e pulling in 

cables. 

12.  Flattened, dented, or deformed conduit is not permi tted. 

13.  Ensure conduit installation does not encroach into ceiling height 

head room, walkways, or doorways. 

14.  Cut conduit square with a hacksaw, ream, remove bur rs, and draw 

tight. 

15.  Install conduit mechanically continuous. 

16.  Independently support conduit at 2.44 m (8 feet) on  center; do not 

use other supports (i.e., suspended ceilings, suspe nded ceiling 

supporting members, luminaires, conduits, mechanica l piping, or 

mechanical ducts). 
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17.  Support conduit within 300 mm (1 foot) of changes o f direction, and 

within 300 mm (1 foot) of each enclosure to which c onnected. 

18.  Close ends of empty conduit with plugs or caps to p revent entry of 

debris, until cables are pulled in. 

19.  Not Used 

20.  Attach conduits to cabinets, splice cases, pull box es and outlet 

boxes with bonding type locknuts. For rigid and IMC  conduit 

installations, provide a locknut on inside of enclo sure, made up 

wrench tight. Do not make conduit connections to bo x covers. 

21.  Do not use aluminum conduits in wet locations. 

22.  Unless otherwise indicated on drawings or specified  herein, conceal 

conduits within finished walls, floors and ceilings . 

23.  Conduit Bends: 

a.  Make bends with standard conduit bending machines; observe 

minimum bend radius for cable type and outside diam eter. 

b.  Conduit hickey is permitted only for slight offsets , and for 

straightening stubbed conduits. 

c.  Bending of conduits with a pipe tee or vise is not permitted. 

24.  Layout and Homeruns - Deviations: Make only where n ecessary to avoid 

interferences and only after drawings showing propo sed deviations 

have been submitted and approved by COR. 

D.  Concealed Work Installation: 

1.  In Concrete: 

a.  Conduit: Rigid steel or IMC. 

b.  Align and run conduit in direct lines. 

c.  Install conduit through concrete beams only when th e following 

occurs: 

1)  Where shown on structural drawings. 

2)  As accepted by COR prior to construction, and after  submittal 

of drawing showing location, size, and position of each 

penetration. 

d.  Installation of conduit in concrete that is less th an 75 mm (3 

inches) thick is prohibited. 

1)  Conduit outside diameter larger than 1/3 of slab th ickness is 

prohibited. 
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2)  Space between Conduits in Slabs: Approximately six conduit 

diameters apart, except one conduit diameter at con duit 

crossings. 

3)  Install conduits approximately in center of slab to  ensure a 

minimum of 19 mm (3/4 inch) of concrete around cond uits. 

e.  Make couplings and connections watertight. Use thre ad compounds 

that are NRTL listed conductive type to ensure low resistance 

ground continuity through conduits. Tightening set screws with 

pliers is not permitted. 

E.  Furred or Suspended Ceilings and in Walls: 

1.  Rigid steel or rigid aluminum. Different type condu its mixed 

indiscriminately in same system is not permitted. 

2.  Align and run conduit parallel or perpendicular to building lines. 

3.  Tightening set screws with pliers is not permitted.  

F.  Exposed Work Installation: 

1.  Unless otherwise indicated on drawings, exposed con duit is only 

permitted in telecommunications rooms. 

a.  Provide rigid steel, IMC or rigid aluminum. 

b.  Different type of conduits mixed indiscriminately i n system is 

not permitted. 

2.  Align and run conduit parallel or perpendicular to building lines. 

3.  Install horizontal runs close to ceiling or beams a nd secure with 

conduit straps. 

4.  Support horizontal or vertical runs at not over 240 0 mm (96 inches) 

intervals. 

5.  Surface Metal Raceways: Use only where shown on dra wings. 

6.  Painting: 

a.  Paint exposed conduit as specified in Section 09 91  00, PAINTING. 

b.  Refer to Section 09 91 00, PAINTING for preparation , paint type, 

and exact color. 

c.  Provide labels where conduits pass through walls an d floors and 

at maximum 6000 mm (20 foot) intervals in between. 

G.  Expansion Joints: 

1.  Conduits 75 mm (3 inches) and larger, that are secu red to building 

structure on opposite sides of a building expansion  joint, require 

expansion and deflection couplings. Install couplin gs in accordance 

with manufacturer's recommendations. 
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2.  Provide conduits smaller than 75 mm (3 inches) with  pull boxes on 

both sides of expansion joint. Connect conduits to expansion and 

deflection couplings as specified. 

3.  Install expansion and deflection couplings where sh own. 

H.  Seismic Areas: 

1.  In seismic areas, follow H-18-8 Seismic Design Requ irements. 

2.  Rigidly secure conduit to building structure on opp osite sides of a 

building expansion joint with pull boxes on both si des of joint. 

3.  Connect conduits to pull boxes with 375 mm (15 inch es) of slack 

flexible conduit. 

4.  Install green copper wire minimum #6 AWG in flexibl e conduit for 

bonding jumper. 

I.  Conduit Supports, Installation: 

1.  Select AC193 code listed mechanical anchors or fast ening devices 

with safe working load not to exceed 1/4 of proof t est load. 

2.  Use pipe straps or individual conduit hangers for s upporting 

individual conduits. Maximum distance between suppo rts is 2.5 m (8 

foot) on center. 

3.  Support multiple conduit runs with trapeze hangers.  Use trapeze 

hangers designed to support a load equal or greater  than sum of the 

weights of the conduits, wires, hanger itself, and 90 kg (200 

pounds). Attach each conduit with U-bolts or other accepted 

fasteners. 

4.  Support conduit independent of pull boxes, luminair es, suspended 

ceiling components, angle supports, duct work, and similar items. 

5.  Fastenings and Supports in Solid Masonry and Concre te: 

a.  New Construction: Use steel or malleable iron concr ete inserts 

set in place prior to placing concrete. 

b.  Existing Construction: 

1)  Code AC193 listed wedge type steel expansion anchor s minimum 6 

mm (1/4 inch) bolt size and minimum 28 mm (1-1/8 in ch) 

embedment. 

2)  Power set fasteners minimum 6 mm (1/4 inch) diamete r with 

depth of penetration minimum 75 mm (3 inches). 

3)  Use vibration and shock resistant anchors and faste ners for 

attaching to concrete ceilings. 

6.  Fastening to Hollow Masonry: Toggle bolts are permi tted.  
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7.  Fastening to Metal Structures: Use machine screw fa steners or other 

devices designed and accepted for application. 

8.  Bolts supported only by plaster or gypsum wallboard  are not 

acceptable. 

9.  Attachment by wood plugs, rawl plug, plastic, lead or soft metal 

anchors, or wood blocking and bolts supported only by plaster is 

prohibited. 

10.  Do not support conduit from chain, wire, or perfora ted strap. 

11.  Spring steel type supports or fasteners are not per mitted except 

horizontal and vertical supports/fasteners within w alls. 

12.  Vertical Supports: 

a.  Install riser clamps and supports for vertical cond uit runs in 

accordance with NEC. 

b.  Provide supports for cable and wire with fittings t hat include 

internal wedges and retaining collars. 

J.  Box Installation: 

1.  Boxes for Concealed Conduits: 

a.  Flush mounted. 

b.  Provide raised covers for boxes to suit wall or cei ling, 

construction and finish. 

2.  In addition to boxes shown, install additional boxe s where needed to 

prevent damage to cables during pulling. 

3.  Remove only knockouts as required and plug unused o penings.  Use 

threaded plugs for cast metal boxes and snap-in met al covers for 

sheet metal boxes. 

4.  Stencil or install phenolic nameplates on covers of  boxes identified 

on riser diagrams; for example "SIG-FA JB No. 1".  

5.  Outlet boxes mounted back-to-back in same wall are not permitted. A 

minimum 600 mm (24 inches) center-to-center lateral  spacing must be 

maintained between boxes. 

K.  Flexible Nonmetallic Communications Raceway (Innerd uct), Installation: 

1.  Install supports from building structure for horizo ntal runs at 

intervals not to exceed 900 mm (3 feet) and at each  end. 

2.  Install supports from building structure for vertic al runs at 

intervals not to exceed 1.2 m (4 feet) and at each side of joints. 

3.  Install only in accessible spaces not subject to ph ysical damage or 

corrosive influences. 
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4.  Make bends manually to assure internal diameter of tubing is not 

effectively reduced. 

5.  Extend each segment of innerduct minimum 300 mm (12  inches) beyond 

end of service conduit tie or cable tray. Restrain innerduct ends 

with wall mount clamps and seal when cable is insta lled. 

3.2 TESTING  

A.  Examine fittings and locknuts for secureness. 

B.  Test RMC, IMC and EMT systems for electrical contin uity. 

C.  Perform simple continuity test after cable installa tion. 

- - - E N D - - - 
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SECTION 27 08 00 
COMMISSIONING OF COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section includes requirements for commissionin g facility 

communications systems, related subsystems and rela ted equipment.  This 

Section supplements general requirements specified in Section 01 91 00, 

GENERAL COMMISSIONING REQUIREMENTS. 

B.  Complete list of equipment and systems to be commis sioned is specified 

in Section 01 91 00, GENERAL COMMISSIONING REQUIREM ENTS and 

Specification 27 05 11, REQUIREMENTS FOR COMMUNICAT IONS INSTALLATIONS. 

C.  Commissioned Systems: 

1.  Commissioning of systems specified in Division 27 / / and 28 // is 

part of project’s construction process including do cumentation and 

proof of performance testing of these systems, as w ell as training 

of VA’s Operation and Maintenance personnel in acco rdance with 

requirements of Section 01 91 00, GENERAL COMMISSIO NING REQUIREMENTS 

and Division 27, in cooperation with Government and  Commissioning 

Agent. 

2.  The facility exterior closure systems commissioning  includes 

communications systems listed in Section 01 91 00 G ENERAL 

COMMISSIONING REQUIRMENTS and 27 05 11, REQUIREMENT S FOR 

COMMUNICATIONS INSTALLATIONS. 

1.2 RELATED WORK 

A.  System tests: Section 01 00 00, GENERAL REQUIREMENT S. 

B.  Commissioning process requires review of selected s ubmittals that 

pertain to systems to be commissioned: Section 01 3 3 23, SHOP DRAWINGS, 

PRODUCT DATA AND SAMPLES. 

C.  Construction phase commissioning process and proced ures including roles 

and responsibilities of commissioning team members and user training: 

Section 01 91 00, GENERAL COMMISSIONING REQUIREMENT S. 

1.3 COORDINATION 

A.  Commissioning Agent will provide a list of submitta ls that must be 

reviewed by Commissioning Agent simultaneously with  engineering review; 

do not proceed with work of sections identified wit hout engineering and 

Commissioning Agent’s review completed. 
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B.  Commissioning of communications systems require ins pection of 

individual elements of communications system constr uction throughout 

construction period. Coordinate with Commissioning Agent in accordance 

with Section 01 91 00, GENERAL COMMISSIONING REQUIR EMENTS and 

commissioning plan to schedule communications syste ms inspections as 

required to support the commissioning process. 

1.4 CLOSEOUT SUBMITTALS 

A.  Refer to Section 01 91 00, GENERAL COMMISSIONING RE QUIREMENTS for 

submittal requirements for pre-functional checklist s, equipment startup 

reports, and other commissioning documents. 

B.  Pre-Functional Checklists: 

1.  Complete pre-functional checklists provided by comm issioning agent 

to verify systems, subsystems, and equipment instal lation is 

complete and systems are ready for Systems Function al Performance 

Testing. 

2.  Submit completed checklists to COR and to Commissio ning Agent. 

Commissioning Agent can spot check a sample of comp leted checklists. 

If Commissioning Agent determines that information provided on the 

checklist is not accurate, Commissioning Agent then  returns the 

marked-up checklist to Contractor for correction an d resubmission. 

3.  If Commissioning Agent determines that a significan t number of 

completed checklists for similar equipment are not accurate, 

Commissioning Agent can select a broader sample of checklists for 

review. 

4.  If Commissioning Agent determines that a significan t number of 

broader sample of checklists is also inaccurate, al l checklists for 

the type of equipment will be returned to Contracto r for correction 

and resubmission. 

C.  Submit training agendas and trainer resumes in acco rdance with 

requirements of Section 01 91 00, GENERAL COMMISSIO NING REQUIREMENTS. 

PART 2 - PRODUCTS - NOT USED 

PART 3 - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A.  Contractor's Tests: 

1.  Scheduled tests required by other sections of Divis ion 27 must be 

documented in accordance with Section 01 00 00, GEN ERAL 

REQUIREMENTS. 
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2.  Incorporate all testing into project schedule. Prov ide minimum seven 

calendar days' notice of testing for Commissioning Agent to witness 

selected Contractor tests at sole discretion of Com missioning Agent. 

3.  Complete tests prior to scheduling Systems Function al Performance 

Testing. 

B.  Systems Functional Performance Testing: 

1.  Commissioning process includes Systems Functional P erformance 

Testing that is intended to test systems functional  performance 

under steady state conditions, to test system react ion to changes in 

operating conditions, and system performance under emergency 

conditions. 

2.  Commissioning Agent prepares detailed Systems Funct ional Performance 

Test procedures for review and acceptance by COR. 

3.  Provide required labor, materials, and test equipme nt identified in 

test procedure to perform tests. 

4.  Commissioning Agent must witness and document the t esting. 

a.  Provide test reports to Commissioning Agent. Commis sioning Agent 

will sign test reports to verify tests were perform ed. 

3.2 TRAINING 

A.  Training of Government's operation and maintenance personnel is 

required in cooperation with COR and Commissioning Agent. 

B.  Provide competent, factory authorized personnel to provide instruction 

to operation and maintenance personnel concerning l ocation, operation, 

and troubleshooting of installed systems. 

C.  Schedule instruction in coordination with COR after  submission and 

approval of formal training plans. 

- - - E N D - - - 





06-01-15 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

 
27 11 00 - 1 

SECTION 27 11 00 
TELECOMMUNICATIONS ROOM FITTINGS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies equipment, relay racks and a ssociated hardware 

in computer and telecommunications rooms. 

B.  Not Used 

1.2 RELATED WORK 

A.  Wiring devices: Section 26 27 26, WIRING DEVICES. 

B.  General electrical requirements that are common to more than one 

section in Division 27: Section 27 05 11, REQUIREME NTS FOR 

COMMUNICATIONS INSTALLATIONS. 

C.  Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents: Section 27 05 2 6, GROUNDING AND 

BONDING FOR COMMUNICATIONS SYSTEMS. 

D.  Not Used 

E.  Conduits for cables and wiring: Section 27 05 33, R ACEWAYS AND BOXES 

FOR COMMUNICATIONS SYSTEMS. 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

1.3 SUBMITTALS 

A.  Submit in accordance with Section 27 05 11, REQUIRE MENTS FOR 

COMMUNICATIONS INSTALLATION. 

B.  Separate submittal into sections for each subsystem  containing the 

following: 

1.  Not Used 

2.  Equipment technical literature detailing electrical  and technical 

characteristics of each item of equipment to be fur nished. 

C.  Not Used 

PART 2 - PRODUCTS 

2.1 EQUIPMENT AND MATERIALS 

A.  Not Used 

B.  Not Used 

C.  Not Used 

D.  Not Used 
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E.  Not Used 

F.  Stand Alone Open Equipment Rack: 

1.  Construct of minimum 1.59 mm (16 gauge) cold rolled  steel with 

manufacturer's standard paint finish, in a color to  be selected by 

COR with concurrence from facility’s FMS Service Ch ief. 

2.  Floor-mount as directed by COR with concurrence fro m facility’s FMS 

Service Chief. 

3.  Not Used 

4.  Provide an OEM fully assembled unit. 

5.  Technical Characteristics: 

a.  Overall Height: Maximum 2,180 mm (85-7/8 inches). 

b.  Overall Depth: Maximum 650 mm (25-1/2 inches).  

c.  Overall Width: Maximum 535 mm (21-1/16 inches). 

d.  Front Panel Opening: 483 mm (19 inches), EIA/ECA 31 0 horizontal 

width. 

e.  Hole Spacing: Per EIA/ECA 310. 

f.  Load Capacity: Maximum 680.4 kg (1,500 lbs). 

g.  Certifications: 

1)  EIA/ECA: 310-E. 

2)  NRTL (i.e. UL): OEM specific. 

G.  Wire Management Equipment: 

1.  Provide an orderly horizontal and vertical interfac e between outside 

and inside wires and cables, distribution and inter face wires and 

cables, interconnection wires and cables and associ ated equipment, 

jumper cables, and provide an uniform connection me dia for system 

fire-retardant wires and cables and other subsystem s. 

2.  Interface to each cable tray, duct, wireway, or con duit used in the 

system. 

3.  Interconnection or distribution wires and cables mu st enter system 

at top via overhead protection system and be unifor mly routed down 

both sides at same time, of the frames side protect ion system, then 

laterally for termination on rear of each respectiv e terminating 

assembly. 

4.  Not Used 

H.  Vertical Cable Managers: 
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1.  Use same make, style and size of vertical cable man ager on 

rack/frame or in between racks/frames when more tha n one cable 

manager is used on a rack/frame or group of racks/f rames. 

2.  Match color and cover style of racks/frames and cab le managers. 

I.  Horizontal Cable Managers: 

1.  Use same make and style of cable manager on rack/fr ame or 

racks/frames, when more than one horizontal cable m anager is used on 

a rack/frame or group of racks/frames. 

2.  Match color of racks/frames and cable managers. 

J.  Not Used 

K.  Not Used 

L.  Provide installation hardware when enclosures or ra cks are attached to 

structural floor. 

M.  Not Used 

PART 3 - EXECUTION 

3.1 PREPARATION – NOT USED 

3.2 INSTALLATION 

A.  Not Used 

B.  Grounding: 

1.  Bond equipment, including identified Government fur nished equipment, 

to ground so total ground resistance measures maxim um 0.1 Ohm. 

a.  Not Used 

b.  Not Used 

c.  Do not use AC neutral, including in power panel or receptacle 

outlet, for system control, subcarrier or audio ref erence ground. 

d.  Use of conduit, signal duct or cable trays as syste m or 

electrical ground is not permitted. 

2.  Connect each equipment grounding terminal to a sepa rate mounting 

hole on equipment mounting rail, to right as one lo oks at it from 

rear, with a minimum #12 AWG stranded copper wire w ith protective 

green jacket. 

3.  Extend common ground bus of minimum #10 AWG solid c opper wire 

throughout each equipment cabinet and bond to TGB. Provide a 

separate isolated ground connection from each equip ment cabinet 

ground bus to system ground. Do not tie equipment g round buses 

together. 
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4.  Bond equipment to cabinet bus with copper braid equ ivalent to #12 

AWG. Self-grounding equipment enclosures, racks or cabinets, that 

provide OEM certified functional ground connections  through physical 

contact with installed equipment, are acceptable al ternatives. 

5.  Not Used 

C.  Equipment Assembly: 

1.  Not Used 

2.  Racks: 

a.  Assemble racks according to manufacturer’s instruct ions. 

b.  Verify that equipment mounting rails are sized prop erly for rack-

mount equipment before attaching rack to floor. 

c.  Attach assembled racks to floor in four places usin g appropriate 

floor mounting anchors. When placed over a raised f loor, threaded 

rods should pass through raised floor tile and be s ecured in 

structural floor below. 

d.  Bond racks to telecommunications grounding busbar u sing 

appropriate hardware provided by contractor. 

e.  Not Used 

f.  Ladder rack may be attached to top of rack to deliv er cables to 

rack. Do not drill rack to attach; use appropriate hardware from 

rack manufacturer. 

g.  Provide radius drops to guide cable where cable exi ts or enters 

side of overhead ladder rack to access a rack, fram e, cabinet or 

wall-mounted rack, cabinet or termination field.  

h.  Evenly distribute equipment load on rack. Place lar ge and heavy 

equipment towards bottom of rack. Secure equipment to rack with 

equipment mounting screws.  

3.  Vertical Cable Managers: 

a.  Provide vertical managers so number of cables in ea ch manager 

does not exceed OEM fill capacity. 

b.  Attach vertical cable managers to side of rack/fram e using 

manufacturer’s installation instructions and hardwa re. 

c.  Attach vertical cable manager to both racks/frames when a single 

vertical cable manager is used between two racks/fr ames. 

d.  Dress cables through openings in between T-shaped g uides on 

manager so that cables make gradual bends as they e xit or enter 
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cable manager into rack-mount space (RMU). Do not t wist, coil or 

make sharp bends in cables. 

e.  Attach doors to cable manager in closed position af ter cabling is 

complete. 

4.  Horizontal Cable Managers: 

a.  Attach horizontal cable managers to rack/frame with  minimum four 

screws according to manufacturer’s installation ins tructions. 

Center each cable manager within allocated rack-mou nt space 

(RMU). 

b.  Provide horizontal managers located so number of ca bles each 

manager supports is less than cable manager’s cable  fill 

capacity. 

c.  Dress cables through openings in between T-shaped g uides on cable 

manager so that cables make gradual bends as they e xit or enter 

cable manager into rack-mount space (RMU). Do not t wist, coil or 

make sharp bends in cables. 

d.  Attach covers to cable manager in closed position a fter cabling 

is complete. 

D.  Labeling: Permanently label each enclosure in accor dance with TIA-606-B 

using laser printers; handwritten labels are not ac ceptable. 

1.  Equipment: Label system equipment with contrasting plastic laminate 

or bakelite material on face of unit corresponding to its source. 

2.  Conduit, Cable Duct, and/or Cable Tray: Label condu it, duct and 

tray, including utilized GFE, with permanent markin g devices or 

spray painted stenciling a minimum of 3 m (10 feet) , identifying 

system. 

- - - E N D - - - 
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SECTION 27 15 00 
COMMUNICATIONS STRUCTURED CABLING 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies a complete and operating voi ce and digital 

structured cabling distribution system and associat ed equipment and 

hardware to be installed in VA Building 1 here-in-a fter referred to as 

the “facility”. 

1.2 RELATED WORK 

A.  Wiring devices: Section 26 27 26, WIRING DEVICES. 

B.  Not Used 

C.  General electrical requirements that are common to more than one 

section in Division 27: Section 27 05 11, REQUIREME NTS FOR 

COMMUNICATIONS INSTALLATIONS. 

D.  Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents: Section 27 05 2 6, GROUNDING AND 

BONDING FOR COMMUNICATIONS SYSTEMS. 

E.  Conduits for cables and wiring: Section 27 05 33, R ACEWAYS AND BOXES 

FOR COMMUNICATIONS SYSTEMS. 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

J.  Not Used 

K.  Not Used 

1.3 SUBMITTALS 

A.  In addition to requirements of Section 27 05 11, RE QUIREMENTS FOR 

COMMUNICATIONS INSTALLATIONS provide: 

1.  Pictorial layout drawing of each telecommunications  room, showing 

termination cabinets, each distribution cabinet and  rack, as each is 

expected to be installed and configured. 

2.  List of test equipment as per 27 05 11, REQUIREMENT S FOR 

COMMUNICATIONS INSTALLATIONS. 

B.  Certifications: 

1.  Submit written certification from OEM indicating th at proposed 

supervisor of installation and proposed provider of  contract 

maintenance are authorized representatives of OEM. Include 
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individual's legal name and address and OEM warrant y credentials in 

the certification. 

2.  Pre-acceptance Certification: Submit in accordance with test 

procedures. 

3.  Test system cables and certify to COR before proof of performance 

testing can be conducted. Identify each cable as la beled on as-

installed drawings. 

4.  Provide current and qualified test equipment OEM tr aining 

certificates and product OEM installation certifica tion for 

contractor installation, maintenance, and superviso ry personnel. 

C.  Closeout Submittal: Provide document from OEM certi fying that each item 

of equipment installed conforms to OEM published sp ecifications. 

1.4 WARRANTY  

A.  Work subject to terms of Article "Warranty of Const ruction," FAR clause 

52.246-21. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE AND DESIGN CRITERIA 

A.  Provide complete system including “punch down” and cross-connector 

blocks voice and data distribution sub-systems, and  associated hardware 

including telecommunications outlets (TCO); copper and fiber optic 

distribution cables, connectors, “patch” cables, “b reak out” devices 

and equipment cabinets, interface cabinets, and rad io relay equipment 

rack. 

B.  Industry Standards: 

1.  Cable distribution systems provided under this sect ion are connected 

to systems identified as critical care performing l ife support 

functions. 

2.  Conform to National and Local Life Safety Codes (wh ichever are more 

stringent), NFPA, NEC, this section, Joint Commissi on Life Safety 

Accreditation requirements, and OEM recommendations , instructions, 

and guidelines. 

3.  Provide supplies and materials listed by a national ly recognized 

testing laboratory where such standards are establi shed for 

supplies, materials or equipment. 

4.  Refer to industry standards and minimum requirement s of Section 27 

05 11, REQUIREMENTS FOR COMMUNICATIONS INSTALLATIONS and guidelines 

listed. 
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5.  Active and passive equipment required by system des ign and approved 

technical submittal; must conform to each UL standa rd in effect for 

equipment, when technical submittal was reviewed an d approved by 

Government or date when COR accepted system equipme nt to be 

replaced. Where a UL standard is in existence for e quipment to be 

used in completion of this contract, equipment must  bear approved 

NRTL label. 

C.  System Performance: Provide complete system to meet  or exceed TIA 

Category 6 requirements. 

D.  Provide continuous inter- and/or intra-facility voi ce, data, and analog 

service. 

1.  Provide voice and data cable distribution system ba sed on a physical 

“Star" topology. 

2.  Not Used 

3.  Not Used 

E.  Specific Subsystem Requirements: Provide products n ecessary for a 

complete and functional data, communications cablin g system, including 

backbone cabling system, patch panels and cross-con nections, horizontal 

cabling systems, jacks, faceplates, and patch cords . 

F.  Coordinate size and type of conduit, pathways and f irestopping for 

maximum 40 percent cable fill with subcontractors. 

G.  Terminate all interconnecting twisted pair, fiber-o ptic cables on patch 

panels or punch blocks. Terminate unused or spare c onductors and fiber 

strands. Do not leave unused or spare twisted pair wire, fiber-optic 

unterminated, unconnected, loose or unsecured. 

H.  Color code distribution wiring to conform to ANSI/T IA 606-B and 

construction documents, whichever is more stringent . Label all 

equipment, conduit, enclosures, jacks, and cables o n record drawings, 

to facilitate installation and maintenance. 

I.  In addition to requirements in Section 27 05 11, RE QUIREMENTS FOR 

COMMUNICATION INSTALLATIONS, provide stainless stee l faceplates with 

plastic covers over labels. 

2.2 EQUIPMENT AND MATERIALS 

A.  Not Used 

B.  Cable Systems - Twisted Pair, Fiber optic: 

1.  General: 
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a.  Provide cable (i.e. backbone and horizontal cabling ) conforming 

to accepted industry standards with regards to size , color code, 

and insulation. 

b.  Some areas can be considered “plenum”. Comply with all codes 

pertaining to plenum environments. It is contractor ’s 

responsibility to review the VA’s cable requirement s with COR and 

OI&T Service prior to installation to confirm type of environment 

present at each location. 

c.  Provide proper test equipment to confirm that cable  pairs meet 

each OEM’s standard transmission requirements, and ensure cable 

carries data transmissions at required speeds, freq uencies, and 

fully loaded bandwidth. 

2.  Telecommunications Rooms (TR): 

a.  In TR’s served with UTP fiber optic, terminate UTP cable on RJ-

45, 8-pin connectors of separate 48-port modular pa tch panels. 

b.  Provide 24 port fiber optic modular patch panels wi th “LC” 

dedicated for voice, data and FMS applications. 

c.  Provide connecting cables required to extend backbo ne cables 

(i.e. patch cords, twenty-five pair, etc.), to ensu re complete 

and operational distribution systems. 

d.  In TR’s, which are only served by a UTP backbone ca ble, terminate 

cable on separate modular connecting devices, Type 110A punch 

down blocks (or equivalent), dedicated to data appl ications. 

3.  Backbone Copper Cables: 

a.  Riser Cable: 

1)  Provide communication riser cables listed in NEC Ta ble 800, 

154(a) for the purpose and suited for electrical co nnection to 

a communication network. 

2)  Provide STP or Unshielded Twisted Pair (UTP), minim um 24 

American Wire Gauge (AWG) solid, thermoplastic insu lated 

conductors for communication (analog RF coaxial cab le is not 

to be provided in riser systems) riser cables with a 

thermoplastic outer jacket. 

3)  Label and test complete riser cabling system. 

4.  Horizontal Cable: Installed from TCO jack to the TR  patch panel. 
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a.  Tested to ANSI/TIA-568-C.2 Category 6 requirements including 

NEXT, ELFEXT (Pair-to-Pair and Power Sum), Insertio n Loss 

(attenuation), Return Loss, and Delay Skew. 

b.  Minimum Transmission Parameters: 500 MHz. 

c.  Provide four pair 0.205 mm2 (24 AWG)  cable  

d.  Terminate all four pairs on same port at patch pane l in TR. 

e.  Terminate all four pairs on same jack, at work area  

Telecommunication Outlets (TCO): 

1)  Jacks: Minimum four eight-pin RJ-45 ANSI/TIA-568-C. 2 Category 

6 Type jacks at TCO.  

a)  Not Used 

b)  All Ports: Unkeyed RJ-45 jacks for data.  Jack colo r, blue. 

5.  Not Used 

6.  Fiber Optics Backbone Cable: 

a.  Provide 62.5/125 (for Bell System Interconnection C ompatibility 

micron OM4 multi-mode cable, containing at minimum 24 strands of 

fiber, unless otherwise specified.  Fiber cables sh all be within 

inner jacket covered with interlocking metal armor jacket.  The 

armor jacket shall be covered with plenum rated out er jacket. 

b.  Provide loose tube cable, which separates individua l fibers from 

the environment, or indoor/outdoor cables, for outd oor runs or 

any area that includes an outdoor run. 

c.  Provide tight buffered fiber cable or indoor/outdoo r cables for 

indoor runs. 

d.  Terminate multimode fibers at both ends with LC typ e female 

connectors installed in an appropriate patch or bre akout panel 

and secured with a cable management system. Provide  minimum 610 

mm (2 ft.) cable loop at each end. 

e.  Not Used 

f.  Install fiber optic cables in TR’s, Voice (Telephon e) Switch 

Room, and Main Computer Room, in rack mounted fiber  optic patch 

panels. Provide female LC couplers in appropriate p anel for 

termination of each strand. 

g.  Test all fiber optic strands' cable transmission pe rformance in 

accordance with TIA standards. Measure attenuation in accordance 

with fiber optic test procedures TIA-455-C ('-61', or -53). 

Provide written results to COR for review and appro val. 
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C.  Cross-Connect Systems (CCS): 

1.  Copper Cables: Provide copper CCS sized to connect cables at TR and 

allow for a minimum of 50 percent anticipated growt h. 

2.  Maximum DC Resistance per Cable Pair: 28.6 Ohms per  305 m (1,000 

feet). 

3.  Not Used 

D.  Telecommunication Room (TR): 

1.  Terminate backbone and horizontal, copper, fiber op tic and analog 

cables on appropriate cross-connection systems (CCS ) containing 

patch panels, punch blocks, and breakout devices pr ovided in 

enclosures and tested, regardless of installation m ethod, mounting, 

termination, or cross-connecting used. Provide cabl e management 

system as a part of each CCS. 

2.  Not Used 

E.  Not Used 

F.  Not Used 

G.  Not Used 

H.  Data Cross-Connection Subsystems: 

1.  Provide patch panels with modular RJ45 female to 11 0 connectors for 

cross-connection of copper data cable terminations with cable 

management system. 

2.  Provide patch panels conforming to EIA/ECA 310-E di mensions and 

suitable for mounting in standard equipment racks, with 48 RJ45 

jacks aligned in two horizontal rows per panel. Pro vide RJ45 jacks 

of modular design and capable of accepting and func tioning with 

other modular (i.e. RJ11) plugs without damaging ja ck. 

a.  Provide system inputs from servers, data LAN, bridg e, or 

interface distribution systems on top row of jacks of appropriate 

patch panel. 

b.  Not Used 

c.  Provide patch cords with modular RJ45 connectors pr ovided on each 

end to match panel’s modular RJ45 female jack’s bei ng provided.  

Provide standard white Category 6 patch cable 5 fee t in length.  

Provide 30% quantity based on installed jacks. 

I.  Not Used 

J.  Not Used 

K.  Horizontal Cabling (HC): 
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1.  Horizontal cable length to farthest system outlet t o be maximum of 

90 m (295 ft). 

2.  Splitting of pairs within a cable between different  jacks is not 

permitted. 

L.  Air Blown Fiber: Alternative fiber optic cable inst allation method. 

1.  Not Used 

2.  Not Used 

3.  Not Used 

4.  Not Used 

5.  Not Used 

6.  Not Used 

7.  Fiber Termination Units: Provide at locations where  fiber is to be 

terminated. 

a.  Provide for strain relief of incoming microducts. 

b.  Provide connector panels and connector couplings ad equate to 

accommodate the number of fibers to be terminated. 

c.  Incorporate radius control mechanisms to limit bend ing of fibers 

to manufacturer’s recommended minimum or 76 mm (3 i nches), 

whichever is larger. 

d.  Where rack-mount fiber termination hardware is requ ired, provide 

wall-mount microduct distribution unit near rack an d provide 

individual microducts to route and connect fiber bu ndle passing 

through microduct distribution units to fiber termi nation 

hardware. 

e.  Provide LC connectors mounted on a coupler panel th at snaps into 

patch panel housing assembly. 

8.  Not Used 

2.3 DISTRIBUTION EQUIPMENT AND SYSTEMS 

A.  Telecommunication Outlet: 

1.  TCO consists of minimum four data RJ45 jacks mounte d in a separate 

steel outlet box 100 mm (4 inches) x 100 mm (4 inch es) x 63 mm (2-

1/2 inches) minimum with a labeled stainless steel faceplate. Where 

shown on drawings, provide a second steel outlet bo x minimum 100 mm 

(4 inches) x 100 mm (4 inches) x 63 mm (2-1/2 inche s), with a 

labeled faceplate, adjacent to first box to ensure system 

connections and expandability requirements are met.  

2.  Provide RJ-45 female type data multi-pin connection s.  
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3.  Provide wall outlet with a stainless steel face pla te and sufficient 

ports to fit data multi- pin jacks and plastic cove rs for labels 

when mounted on outlet box provided (minimum 100mm (4 inches) x 

100mm (4 inches) for single and 100mm (4 inches) x 200mm (8 inches) 

for dual outlet box applications.  

4.  Not Used 

B.  Backbone Distribution Cables: 

1.  Meet TIA transmission performance requirements of V oice Grade 

Category 3. 

2.  Provide cable listed for environments where it is i nstalled. 

3.  Technical Characteristics: 

a.  Length: As required, in minimum 1 kilometer (3,000 ft.) reels. 

b.  Size: 

1)  Minimum 0.326 mm2 (22 AWG) outside plant installati on. 

2)  Minimum 0.205 mm2 (24 AWG) interior installations. 

c.  Color Coding: American Telephone and Telegraph Comp any Standard; 

Bell System Practices Outside Plant Construction an d Maintenance 

Section G50.607.3, Issue 2 February, 1959. 

d.  Minimum Bend Radius: 10X cable outside diameter. 

e.  Impedance: 120 Ohms + 15 percent. 

f.  DC Resistance: Maximum 8.00 ohms/100 m 

g.  Not Used 

h.  Maximum attenuation for 100m at 20° C:  

Frequency 
(MHz) 

Category 3 
(dB) 

Category 5e 
(dB) 

Category 6 (dB)  
Category 6A 

(dB) 

.772 2.2 - - - 

1 2.6 2.0 2.0 2.1 

4 5.6 4.1 3.8 3.8 

8 8.5 5.8 5.3 5.3 

10 9.7 6.5 6.0 5.9 

16 13.1 8.2 7.6 7.5 

20  9.3 8.5 8.4 

25  10.4 9.5 9.4 
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Frequency 
(MHz) 

Category 3 
(dB) 

Category 5e 
(dB) 

Category 6 (dB)  
Category 6A 

(dB) 

31.25  11.7 10.7 10.5 

62.5  17.0 15.4 15.0 

100  22.0 19.8 19.1 

200   29.0 27.6 

250   32.8 31.1 

300    34.3 

400    40.1 

500    45.3 

4.  Not Used 

5.  Fiber Optic: 

a.  Multimode Fiber: 

1)  Provide OM4 Type general purpose multimode fiber op tic cable 

installed in conduit for system locations with load -bearing 

support braid surrounding inner tube for strength d uring cable 

installation.  Armored fiber optic cables shall be installed 

in conduit. 

2)  Technical Characteristics: 

a)  Bend Radius: Minimum 152 mm (6 inches); outer jacke t as 

required. 

b)  Fiber Diameter: 50 microns. 

c)  Cladding: 125 microns. 

d)  Attenuation: 

1)  850 nanometer: Maximum 4.0 dB per kilometer. 

2)  1,300 nanometer: Maximum 2.0 dB per kilometer. 

e)  Bandwidth: 

1)  850 nanometer: Minimum 160 MHz. 

2)  1,300 nanometer: Minimum 500 MHz. 

f)  Connectors: Stainless steel. 

b.  Not Used 

C.  Outlet Connection Cables: 

1.  Not Used 
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2.  Data: 

a.  Provide a connection cable for each TCO data jack i n system with 

10 percent spares to connect a data instrument to T CO data jack. 

Do not provide data terminals/equipment. 

b.  Technical Characteristics: 

1)  Length: Minimum 1.8 m (6 feet). 

2)  Cable: Data grade Category 6. 

3)  Connector: RJ-45 male on each end. 

4)  Color Coding: Required, data industry standard.  Ca ble jacket, 

blue. 

5)  Size: Minimum 24 AWG. 

3.  Not Used 

D.  System Connectors: 

1.  Modular (RJ-45): Provide high speed data transmissi on applications 

type modular plugs compatible with computer termina ls and other type 

devices requiring linking through modular telecommu nications outlet 

to the system compatible with UTP cables. 

a.  Technical Characteristics: 

1)  Number of Pins: 

a)  RJ-45: Eight. 

b)  Not Used 

2)  Dielectric: Surge. 

3)  Voltage: Minimum 1,000V RMS, 60 Hz at one minute. 

4)  Current: 2.2A RMS at 30 minutes or 7.0A RMS at 5.0 seconds. 

5)  Leakage: Maximum 100 µA. 

6)  Connections: 

a)  Initial contact resistance: Maximum 20 milli-Ohms. 

b)  Insulation displacement: Maximum 10 milli-Ohms. 

c)  Interface: Must interface with modular jacks from a  variety 

of OEMs.  RJ-11/45 plugs provide connection when us ed in 

RJ-45 jacks. 

d)  Durability: Minimum 200 insertions/withdrawals. 

E.  Fiber Optic Terminators: 

1.  Pre-polished crimp on type that has proper ferrule to terminate 

fiber optic cable. 

2.  Technical Characteristics: 

a.  Frequency: Light wave. 
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b.  Power Blocking: As required. 

c.  Return Loss: 25 dB. 

d.  Connectors: LC. 

e.  Construction: Ceramic. 

F.  Conduit and Signal Ducts: 

1.  Conduit: 

a.  Provide conduit or sleeves for cables penetrating w alls, 

ceilings, floors, interstitial space, fire barriers , etc. 

b.  Minimum Conduit Size: 19 mm (3/4 inch). 

c.  Provide separate conduit and signal ducts for each cable type 

installation.  

d.  When metal (plastic covered, flexible cable protect ive armor, 

etc.) systems are authorized to be provided for use  in system, 

follow installation guidelines and standard specifi ed in Section 

27 05 33, RACEWAYS AND BOXES FOR COMMUNICATIONS SYSTEMS and NEC. 

e.  Maximum 40 percent conduit fill for cable installat ion. 

2.  Signal Duct, Cable Duct, or Cable Tray: Use existin g signal duct, 

cable duct, and cable tray, when identified and acc epted by COR. 

PART 3 - EXECUTION 

3.1  INSTALLATION 

A.  Install for ease of operation, maintenance, and tes ting. 

B.  Install system to comply with NFPA 70 National Elec trical Code, NFPA 99 

Health Care Facilities, NFPA 101 Life Safety Code, Joint Commission 

Manual for Health Care Facilities, and original equ ipment 

manufacturers' (OEM) installation instructions. 

C.  Cable Systems Installation: 

1.  Install system cables in cable duct, cable tray, ca ble runway, 

conduit or when specifically approved, flexible NEC  Article 800 

communications raceway. Confirm drawings show suffi cient quantity 

and size of cable pathways. If flexible communicati ons raceway is 

used, install in same manner as conduit. 

2.  Coordinate outside plant and backbone cables to fur nish number of 

cable pairs for system requirements and obtain appr oval of COR and 

IT Service prior to installation. 

3.  Bond to ground metallic cable sheaths, etc. (i.e. r isers, 

underground, horizontal, etc.). 
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4.  Install temporary cable to not present a pedestrian  safety hazard 

and be responsible for all work associated with rem oval. Temporary 

cable installations are not required to meet Indust ry Standards; 

but, must be reviewed and accepted by COR, IT Servi ce, FMS and SMCS 

005OP2H3 (202-461-5310) prior to installation. 

D.  Not Used 

E.  Labeling: 

1.  Industry Standard: Provide labeling in accordance w ith ANSI/TIA-606-

B. 

2.  Print lettering of labels with thermal ink transfer  process; 

handwritten labels are not acceptable. 

3.  Label both ends of all cables in accordance with in dustry standard. 

Provide permanent Labels in contrasting colors and identify 

according to system “Record Wiring Diagrams”. 

4.  Termination Hardware: Label workstation outlets and  patch panel 

connections using color coded labels with identifie rs in accordance 

with industry standard and record on “Record Wiring  Diagrams”. 

3.2 FIELD QUALITY CONTROL 

A.  Interim Inspection: 

1.  Verify that equipment provided adheres to installat ion requirements 

of this section. Interim inspection must be conduct ed by a factory-

certified representative and witnessed by COR. 

2.  Check each item of installed equipment to ensure ap propriate NRTL 

label. 

3.  Verify cabling terminations in telecommunications r ooms and at 

workstations adhere to color code for T568B pin ass ignments and 

cabling connections comply with TIA standards. 

4.  Visually confirm marking of cables, faceplates, pat ch panel 

connectors and patch cords. 

5.  Perform fiber optical field inspection tests via at tenuation 

measurements on factory reels and provide results a long with 

manufacturer certification for factory reel tests. Remove failed 

cable reels from project site upon attenuation test  failure. 

6.  Notify COR of the estimated date the contractor exp ects to be ready 

for interim inspection, at least 20 working days be fore requested 

inspection date, so interim inspection does not aff ect systems’ 

completion date. 
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7.  Provide results of interim inspection to COR. If ma jor or multiple 

deficiencies are discovered, COR can require a seco nd interim 

inspection before permitting contractor to continue  with system 

installation. 

8.  Do not proceed with installation until COR determin es if an 

additional inspection is required. In either case, re-inspection of 

deficiencies noted during interim inspections must be part of the 

proof of performance test. 

B.  Pretesting: 

1.  Pretest entire system upon completion of system ins tallation. 

2.  Verify during system pretest, utilizing the accepte d equipment, that 

system is fully operational and meets system perfor mance 

requirements of this section. 

3.  Provide COR four copies of recorded system pretest measurements and 

the written certification that system is ready for formal acceptance 

test. 

C.  Not Used 

D.  Acceptance Test: 

1.  After system has been pretested and the contractor has submitted 

pretest results and certification to COR, then sche dule an 

acceptance test date and give COR 30 days' written notice prior to 

date acceptance test is expected to begin. 

2.  Test only in presence of a COR. 

3.  Test utilizing approved test equipment to certify p roof of 

performance. 

4.  Verify that total system meets the requirements of this section. 

5.  Include expected duration of test time, with notifi cation of the 

acceptance test. 

E.  Verification Tests: 

1.  Test UTP copper cabling for DC loop resistance, sho rts, opens, 

intermittent faults, and polarity between conductor s, and between 

conductors and shield, if cable has an overall shie ld. Test cables 

after termination and prior to cross-connection. 

2.  Multi-mode Fiber Optic Cable: Perform end-to-end at tenuation tests 

in accordance with TIA-568-B.3 and TIA-526-14A usin g Method A, 

Optical Power Meter and Light Source and Method B, OTDR. Perform 

verification acceptance test.  Include a check for loss at full 
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transmission speed.  Use certified fluke fiber test ing system or 

equal. 

3.  Not Used 

F.  Performance Testing: 

1.  Perform Category 6 tests in accordance with TIA-568 -B.1 and TIA-568-

B.2. Include the following tests - wire map, length , insertion loss, 

return loss, NEXT, PSNEXT, ELFEXT, PSELFEXT, propag ation delay and 

delay skew. 

2.  Fiber Optic Links: Perform end-to-end fiber optic c able link tests 

in accordance with TIA-568-B.3. 

G.  Total System Acceptance Test: Perform verification tests for UTP  

copper cabling systems and multi-mode fiber optic c abling systems after 

complete telecommunication distribution system and workstation outlet 

are installed. 

3.3 MAINTENANCE 

A.  Accomplish the following minimum requirements durin g one year warranty 

period: 

1.  Respond and correct on-site trouble calls, during s tandard work 

week: 

a.  A routine trouble call within one working day of it s report. A 

routine trouble is considered a trouble which cause s a system 

outlet, station, or patch cord to be inoperable. 

b.  Standard work week is considered 8:00 A.M. to 5:00 P.M., Monday 

through Friday exclusive of Federal holidays. 

2.  Respond to an emergency trouble call within six hou rs of its report.  

An emergency trouble is considered a trouble which causes a 

subsystem or distribution point to be inoperable at  any time. 

3.  Respond on-site to a catastrophic trouble call with in four hours of 

its report. A catastrophic trouble call is consider ed total system 

failure. 

a.  If a system failure cannot be corrected within four  hours 

(exclusive of standard work time limits), provide a lternate 

equipment, or cables within four hours after four h our trouble 

shooting time. 

b.  Routine or emergency trouble calls in critical emer gency health 

care facilities (i.e., cardiac arrest, intensive ca re units, 

etc.) are also be deemed as a catastrophic trouble.  
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4.  Provide COR written report itemizing each deficienc y found and the 

corrective action performed during each official re ported trouble 

call. Provide COR with sample copies of reports for  review and 

approval at beginning of total system acceptance te st. 

- - - E N D - - - 
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SECTION 28 05 00 
COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This Section, Common Work Results for Electronic Sa fety and Security 

(ESS), applies to all sections of Division 28. 

B.  Furnish and install fully functional electronic saf ety and security 

cabling system(s), equipment and approved accessori es in accordance 

with the specification section(s), drawing(s), and referenced 

publications.  Capacities and ratings of cable and other items and 

arrangements for the specified items are shown on e ach system’s 

required Bill of Materials (BOM) and verified on th e approved system 

drawing(s). If there is a conflict between contract ’s specification(s) 

and drawings(s), the  contract’s specification requ irements shall 

prevail. 

C.  The Contractor shall provide a fully functional and  operating ESS, 

programmed, configured, documented, and tested as r equired herein and 

the respective Safety and Security System Specifica tion(s).  The 

Contractor shall provide calculations and analysis to support design 

and engineering decisions as specified in submittal s.  The Contractor 

shall provide and pay all labor, materials, and equ ipment, sales and 

gross receipts and other taxes.  The Contractor sha ll secure and pay 

for plan check fees, permits, other fees, and licen ses necessary for 

the execution of work as applicable for the project .  Give required 

notices; the Contractor will comply with codes, ord inances, 

regulations, and other legal requirements of public  authorities, which 

bear on the performance of work. 

D.  The Contractor shall provide an ESS, installed, pro grammed, configured, 

documented, and tested.  The security system shall include but not 

limited to: physical access control.  Operator trai ning shall not be 

required as part of the Security Contractors scope and shall be 

provided by the Owner. The Security Contractor shal l still be required 

to provide necessary maintenance and troubleshootin g manuals as well as 

submittals as identified herein.  The work shall in clude the 

procurement and installation of electrical wire and  cables, the 

installation and testing of all system components.  Inspection, 

testing, demonstration and acceptance of equipment,  software, 
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materials, installation, documentation, and workman ship, shall be as 

specified herein.  The Contractor shall provide all  associated 

installation support, including the provision of pr imary electrical 

input power circuits. 

E.  Repair Service Replacement Parts On-site service du ring the warranty 

period shall be provided as specified under “Emerge ncy Service”.  The 

Contractor shall guarantee all parts and labor for a term of one (1) 

year, unless dictated otherwise in this specificati on from the 

acceptance date of the system as described in Part 5 of this 

Specification.  The Contractor shall be responsible  for all equipment, 

software, shipping, transportation charges, and exp enses associated 

with the service of the system for one (1) year.  T he Contractor shall 

provide 24-hour telephone support for the software program at no 

additional charge to the owner.  Software support s hall include all 

software updates that occur during the warranty per iod.   

F.  Section Includes: 

1.  Description of Work for Electronic Security Systems , 

2.  Electronic security equipment coordination with rel ating Divisions, 

3.  Submittal Requirements for Electronic Security, 

4.  Miscellaneous Supporting equipment and materials fo r Electronic 

Security,  

5.  Electronic security installation requirements. 

1.2  RELATED WORK 

A.  Section 01 00 00 - GENERAL REQUIREMENTS. For Genera l Requirements.  

B.  Section 07 84 00 - FIRESTOPPING. Requirements for f irestopping 

application and use.  

C.  Not Used  

D.  Not Used  

E.  Not Used  

F.  Not Used  

G.  Section 08 71 00 - DOOR HARDWARE. Requirements for door installation.  

H.  Not Used  

I.  Not Used  

J.  Not Used  

K.  Section 26 05 11 - REQUIREMENTS FOR ELECTRICAL INST ALLATIONS. 

Requirements for connection of high voltage.  
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L.  Section 26 05 19 - LOW VOLTAGE ELECTRICAL POWER CON DUCTORS AND CABLES. 

Requirements for power cables. 

M.  Section 26 05 33 – RACEWAY AND BOXES FOR ELECTRICAL  SYSTEMS. 

Requirements for infrastructure.  

N.  Not Used  

O.  Not Used  

P.  Section 28 05 13 - CONDUCTORS AND CABLES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for conductors and cables.  

Q.  Section 28 05 26 - GROUNDING AND BONDING FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for grounding of equipment.  

R.  Section 28 05 28.33 - CONDUITS AND BOXES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for infrastructure.  

S.  Section 28 08 00 - COMMISIONING OF ELECTRONIC SAFET Y AND SECURITY 

SYSTEMS. Requirements for Commissioning.  

T.  Section 28 13 00 - PHYSICAL ACCESS CONTROL SYSTEMS (PACS). For physical 

access control integration.  

U.  Not Used  

V.  Not Used  

W. Not Used  

X.  Not Used  

Y.  Not Used  

Z.  Not Used  

1.3  DEFINITIONS 

A.  AGC:  Automatic Gain Control. 

B.  Basket Cable Tray:  A fabricated structure consisti ng of wire mesh 

bottom and side rails.  

C.  BICSI:  Building Industry Consulting Service Intern ational. 

D.  CCD:  Charge-coupled device. 

E.  Central Station:  A PC with software designated as the main controlling 

PC of the security access system.  Where this term is presented with 

initial capital letters, this definition applies. 

F.  Channel Cable Tray:  A fabricated structure consist ing of a one-piece, 

ventilated-bottom or solid-bottom channel section. 

G.  Controller:  An intelligent peripheral control unit  that uses a 

computer for controlling its operation.  Where this  term is presented 

with an initial capital letter, this definition app lies. 

H.  CPU:  Central processing unit. 
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I.  Credential:  Data assigned to an entity and used to  identify that 

entity. 

J.  DGP:  Data Gathering Panel – component of the Physi cal Access Control 

System capable to communicate, store and process in formation received 

from readers, reader modules, input modules, output  modules, and 

Security Management System.   

K.  DTS:  Digital Termination Service:  A microwave-bas ed, line-of-sight 

communications provided directly to the end user. 

L.  EMI:  Electromagnetic interference. 

M.  EMT:  Electric Metallic Tubing. 

N.  ESS:  Electronic Security System. 

O.  File Server:  A PC in a network that stores the pro grams and data files 

shared by users. 

P.  GFI:  Ground fault interrupter. 

Q.  IDC:  Insulation displacement connector. 

R.  Identifier:  A credential card, keypad personal ide ntification number 

or code, biometric characteristic, or other unique identification 

entered as data into the entry-control database for  the purpose of 

identifying an individual.  Where this term is pres ented with an 

initial capital letter, this definition applies. 

S.  I/O:  Input/Output. 

T.  Intrusion Zone:  A space or area for which an intru sion must be 

detected and uniquely identified, the sensor or gro up of sensors 

assigned to perform the detection, and any interfac e equipment between 

sensors and communication link to central-station c ontrol unit. 

U.  Ladder Cable Tray:  A fabricated structure consisti ng of two 

longitudinal side rails connected by individual tra nsverse members 

(rungs). 

V.  LAN:  Local area network. 

W. LCD:  Liquid-crystal display. 

X.  LED:  Light-emitting diode. 

Y.  Location:  A Location on the network having a PC-to -Controller 

communications link, with additional Controllers at  the Location 

connected to the PC-to-Controller link with RS-485 communications loop.  

Where this term is presented with an initial capita l letter, this 

definition applies. 
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Z.  Low Voltage:  As defined in NFPA 70 for circuits an d equipment 

operating at less than 50 V or for remote-control a nd signaling power-

limited circuits. 

AA.  Not Used 

BB.  Not Used 

CC. Not Used 

DD. Not Used 

EE.  Not Used 

FF.  Not Used 

GG. NRTL:  Nationally Recognized Testing Laboratory.  

HH. Open Cabling:  Passing telecommunications cabling t hrough open space 

(e.g., between the studs of a wall cavity). 

II.  PACS: Physical Access Control System; A system comp rised of cards, 

readers, door controllers, servers and software to control the physical 

ingress and egress of people within a given space 

JJ.  PC:  Personal computer.  This acronym applies to th e Central Station, 

workstations, and file servers. 

KK.  PCI Bus:  Peripheral component interconnect; a peri pheral bus providing 

a high-speed data path between the CPU and peripher al devices (such as 

monitor, disk drive, or network). 

LL.  PDF:  (Portable Document Format.) The file format u sed by the Acrobat 

document exchange system software from Adobe. 

MM. RCDD:  Registered Communications Distribution Desig ner. 

NN. RFI:  Radio-frequency interference. 

OO. RIGID:  Rigid conduit is galvanized steel tubing, w ith a tubing wall 

that is thick enough to allow it to be threaded.   

PP.  RS-232:  An TIA/EIA standard for asynchronous seria l data 

communications between terminal devices.  This stan dard defines a 25-

pin connector and certain signal characteristics fo r interfacing 

computer equipment. 

QQ. RS-485:  An TIA/EIA standard for multipoint communi cations. 

RR. Solid-Bottom or Non-ventilated Cable Tray:  A fabri cated structure 

consisting of integral or separate longitudinal sid e rails, and a 

bottom without ventilation openings. 

SS.  SMS:  Security Management System – A SMS is softwar e that incorporates 

multiple security subsystems (e.g., physical access  control, intrusion 
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detection, closed circuit television, intercom) int o a single platform 

and graphical user interface. 

TT.  TCP/IP:  Transport control protocol/Internet protoc ol incorporated into 

Microsoft Windows. 

UU. Trough or Ventilated Cable Tray:  A fabricated stru cture consisting of 

integral or separate longitudinal rails and a botto m having openings 

sufficient for the passage of air and using 75 perc ent or less of the 

plan area of the surface to support cables. 

VV.  UPS:  Uninterruptible Power Supply 

WW. UTP:  Unshielded Twisted Pair 

XX.  Workstation:  A PC with software that is configured  for specific 

limited security system functions. 

1.4  QUALITY ASSURANCE  

A.  Manufacturers Qualifications: The manufacturer shal l regularly and 

presently produce, as one of the manufacturer's pri ncipal products, the 

equipment and material specified for this project, and shall have 

manufactured the item for at least three years. 

B.  Product Qualification: 

1.  Manufacturer's product shall have been in satisfact ory operation, on 

three installations of similar size and type as thi s project, for 

approximately three years. 

2.  The Government reserves the right to require the Co ntractor to 

submit a list of installations where the products h ave been in 

operation before approval. 

C.  Contractor Qualification: 

1.  The Contractor or security sub-contractor shall be a licensed 

security Contractor with a minimum of five (5) year s experience 

installing and servicing systems of similar scope a nd complexity.  

The Contractor shall be an authorized regional repr esentative of the 

Security Management System’s (PACS) manufacturer.  The Contractor 

shall provide four (4) current references from clie nts with systems 

of similar scope and complexity which became operat ional in the past 

three (3) years.  At least three (3) of the referen ces shall be 

utilizing the same system components, in a similar configuration as 

the proposed system.  The references must include a  current point of 

contact, company or agency name, address, telephone  number, complete 

system description, date of completion, and approxi mate cost of the 
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project.  The owner reserves the option to visit th e reference 

sites, with the site owner’s permission and represe ntative, to 

verify the quality of installation and the referenc es’ level of 

satisfaction with the system.  The Contractor shall  provide copies 

of system manufacturer certification for all techni cians.  The 

Contractor shall only utilize factory-trained techn icians to 

install, program, and service the PACS.  The Contra ctor shall only 

utilize factory-trained technicians to install, ter minate and 

service controller/field panels and reader modules.   The technicians 

shall have a minimum of five (5) continuous years o f technical 

experience in electronic security systems.  The Con tractor shall 

have a local service facility.  The facility shall be located within 

[60] <insert number> miles of the project site.  Th e local facility 

shall include sufficient spare parts inventory to s upport the 

service requirements associated with this contract.   The facility 

shall also include appropriate diagnostic equipment  to perform 

diagnostic procedures.  The COR reserves the option  of surveying the 

company’s facility to verify the service inventory and presence of a 

local service organization. 

2.  The Contractor shall provide proof project superint endent with BICSI 

Certified Commercial Installer Level 1, Level 2, or  Technician to 

provide oversight of the project. 

3.  Cable installer must have on staff a Registered Com munication 

Distribution Designer (RCDD) certified by Building Industry 

Consulting Service International.  The staff member  shall provide 

consistent oversight of the project cabling through out design, 

layout, installation, termination and testing. 

D.  Service Qualifications: There shall be a permanent service organization 

maintained or trained by the manufacturer which wil l render 

satisfactory service to this installation within //  four // eight // 

hours of receipt of notification that service is ne eded. Submit name 

and address of service organizations. 

1.5  GENERAL ARANGEMENT OF CONTRACT DOCUMENTS 

A.  The Contract Documents supplement to this specifica tion indicates 

approximate locations of equipment.  The installati on and/or locations 

of the equipment and devices shall be governed by t he intent of the 

design; specification and Contract Documents, with due regard to actual 
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site conditions, recommendations, ambient factors a ffecting the 

equipment and operations in the vicinity.  The Cont ract Documents are 

diagrammatic and do not reveal all offsets, bends, elbows, components, 

materials, and other specific elements that may be required for proper 

installation.  If any departure from the contract d ocuments is deemed 

necessary, or in the event of conflicts, the Contra ctor shall submit 

details of such departures or conflicts in writing to the owner or 

owner’s representative for his or her comment and/o r approval before 

initiating work. 

B.  Anything called for by one of the Contract Document s and not called for 

by the others shall be of like effect as if require d or called by all, 

except if a provision clearly designed to negate or  alter a provision 

contained in one or more of the other Contract Docu ments shall have the 

intended effect. In the event of conflicts among th e Contract 

Documents, the Contract Documents shall take preced ence in the 

following order: the Form of Agreement; the Supplem ental General 

Conditions; the Special Conditions; the Specificati ons with 

attachments; and the drawings. 

1.6  SUBMITTALS 

A.  Submit in accordance with Section 01 33 23, SHOP DR AWINGS, PRODUCT 

DATA, AND SAMPLES.  

B.  The Government's approval shall be obtained for all  equipment and 

material before delivery to the job site. Delivery,  storage or 

installation of equipment or material which has not  had prior approval 

will not be permitted at the job site. 

C.  Submittals for individual systems and equipment ass emblies which 

consist of more than one item or component shall be  made for the system 

or assembly as a whole.  Partial submittals will no t be considered for 

approval. 

1.  Mark the submittals, "SUBMITTED UNDER SECTION______ ____________". 

2.  Submittals shall be marked to show specification re ference including 

the section and paragraph numbers. 

3.  Submit each section separately. 

D.  The submittals shall include the following: 

1.  Information that confirms compliance with contract requirements. 

Include the manufacturer's name, model or catalog n umbers, catalog 
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information, technical data sheets, shop drawings, pictures, 

nameplate data and test reports as required. 

2.  Not Used 

3.  Parts list which shall include those replacement pa rts recommended 

by the equipment manufacturer, quantity of parts, c urrent price and 

availability of each part. 

E.  Submittals shall be in full compliance of the Contr act Documents.  All 

submittals shall be provided in accordance with thi s section.  

Submittals lacking the breath or depth these requir ements will be 

considered incomplete and rejected.  Submissions ar e considered 

multidisciplinary and shall require coordination wi th applicable 

divisions to provide a complete and comprehensive s ubmission package. 

All submittals shall include adequate descriptive l iterature, catalog 

cuts, shop drawings and other data necessary for th e Government to 

ascertain that the proposed equipment and materials  comply with 

specification requirements.  Catalog cuts submitted  for approval shall 

be legible and clearly identify equipment being sub mitted. Additional 

general provisions are as follows:   

1.  The Contractor shall schedule submittals in order t o maintain the 

project schedule.       

2.  The Contractor shall identify variations from requi rements of 

Contract Documents and state product and system lim itations, which 

may be detrimental to successful performance of the  completed work 

or system.   

3.  Each package shall be submitted at one (1) time for  each review and 

include components from applicable disciplines (e.g ., electrical 

work, architectural finishes, door hardware, etc.) which are 

required to produce an accurate and detailed depict ion of the 

project.   

4.  Manufacturer’s information used for submittal shall  have pages with 

items for approval tagged, items on pages shall be identified, and 

capacities and performance parameters for review sh all be clearly 

marked through use of an arrow or highlighting.  Pr ovide space for 

COR and Contractor review stamps.  

5.  Technical Data Drawings shall be in the latest vers ion of AutoCAD®, 

drawn accurately, and in accordance with VA CAD Sta ndards CAD 

Standard Application Guide, and VA BIM Guide.  FREE HAND SKETCHES OR 
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COPIED VERSIONS OF THE CONSTRUCTION DOCUMENTS WILL NOT BE ACCEPTED.  

The Contractor shall not reproduce Contract Documen ts or copy 

standard information as the basis of the Technical Data Drawings.  

If departures from the technical data drawings are subsequently 

deemed necessary by the Contractor, details of such  departures and 

the reasons thereof shall be submitted in writing t o the COR for 

approval before the initiation of work. 

6.  Packaging:  The Contractor shall organize the submi ssions according 

to the following packaging requirements.   

a.  Not Used 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Not Used 

f.  Not Used 

g.  Not Used   

h.  Not Used 

i.  Not Used 

j.  Not Used 

k.  Not Used  

l.  Not Used 

m.  Not Used 

n.  Not Used     

o.  Not Used 

p.  Not Used  

7.  Contractor Review:  Review submittals prior to tran smittal.  

Determine and verify field measurements and field c onstruction 

criteria.  Verify manufacturer’s catalog numbers an d conformance of 

submittal with requirements of contract documents.  Return non-

conforming or incomplete submittals with requiremen ts of the work 

and contract documents.  Apply Contractor’s stamp w ith signature 

certifying the review and verification of products occurred, and the 

field dimensions, adjacent construction, and coordi nation of 

information is in accordance with the requirements of the contract 

documents. 

8.  Resubmission:  Revise and resubmit submittals as re quired within 15 

calendar days of return of submittal.  Make resubmi ssions under 
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procedures specified for initial submittals.  Ident ify all changes 

made since previous submittal. 

9.  Product Data:  Within 15 calendar days after execut ion of the 

contract, the Contractor shall submit for approval a complete list 

of all of major products proposed for use.  The dat a shall include 

name of manufacturer, trade name, model number, the  associated 

contract document section number, paragraph number,  and the 

referenced standards for each listed product.  

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

J.  Not Used 

K.  Not Used 

L.  Not Used 

M.  Not Used 

N.  Not Used 

O.  Not Used 

1.7  APPLICABLE PUBLICATIONS 

A.  The publications listed below (including amendments , addenda, 

revisions, supplement, and errata) form a part of t his specification to 

the extent referenced. The publications are referen ced in the text by 

the basic designation only.  

B.  American National Standards Institute (ANSI)/ Inter national Code 

Council (ICC):  

A117.1..................Standard on Accessible and Usable Buildings and 

Facilities 

C.  American National Standards Institute (ANSI)/ Secur ity Industry 

Association (SIA): 

AC-03...................Access Control: Access Cont rol Guideline Dye 

Sublimation Printing Practices for PVC Access 

Control Cards 

D.  Not Used 

E.  American National Standards Institute (ANSI): 

ANSI S3.2-99............Method for measuring the In telligibility of 

Speech over Communications Systems  

F.  American Society for Testing and Materials (ASTM) 
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B1-07...................Standard Specification for Hard-Drawn Copper 

Wire 

B3-07...................Standard Specification for Soft or Annealed 

Copper Wire 

B8-04...................Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

D2301-04................Standard Specification for Vinyl Chloride 

Plastic Pressure Sensitive Electrical 

Insulating Tape  

G.  Architectural Barriers Act (ABA), 1968 

H.  Department of Justice: American Disability Act (ADA ) 

28 CFR Part 36-2010 ADA Standards for Accessible De sign 

I.  Department of Veterans Affairs: 

VHA National CAD Standard Application Guide, 2006 

 VA BIM Guide, V1.0 10 

J.  Not Used  

K.  Not Used 

L.  Federal Specifications (Fed. Spec.): 

A-A-59544-08............Cable and Wire, Electrical (Power, Fixed 

Installation) 

M.  Not Used  

N.  Not Used 

O.  Institute of Electrical and Electronics Engineers ( IEEE): 

81-1983.................IEEE Guide for Measuring Ea rth Resistivity, 

Ground Impedance, and Earth Surface Potentials 

of a Ground System 

802.3af-08..............Power over Ethernet Standar d 

802.3at-09 .............Power over Ethernet (PoE) P lus Standard 

C2-07...................National Electrical Safety Code 

C62.41-02...............IEEE Recommended Practice o n Surge Voltages in 

Low-Voltage AC Power Circuits 

C95.1-05................Standards for Safety Levels  with Respect to 

Human Exposure in Radio Frequency 

Electromagnetic Fields 

P.  International Organization for Standardization (ISO ): 

7810....................Identification cards – Phys ical characteristics 
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7811....................Physical Characteristics fo r Magnetic Stripe 

Cards 

7816-1..................Identification cards - Inte grated circuit(s) 

cards with contacts - Part 1: Physical 

characteristics  

7816-2..................Identification cards - Inte grated circuit cards 

- Part 2: Cards with contacts -Dimensions and 

location of the contacts 

7816-3..................Identification cards - Inte grated circuit cards 

- Part 3: Cards with contacts - Electrical 

interface and transmission protocols 

7816-4..................Identification cards - Inte grated circuit cards 

- Part 11: Personal verification through 

biometric methods 

7816-10.................Identification cards - Inte grated circuit cards 

- Part 4: Organization, security and commands 

for interchange 

14443...................Identification cards - Cont actless integrated 

circuit cards; Contactless Proximity Cards 

Operating at 13.56 MHz in up to 5 inches 

distance  

15693...................Identification cards -- Con tactless integrated 

circuit cards - Vicinity cards; Contactless 

Vicinity Cards Operating at 13.56 MHz in up to 

50 inches distance 

19794...................Information technology - Bi ometric data 

interchange formats 

Q.  National Electrical Contractors Association 

303-2005................Installing Closed Circuit T elevision (CCTV) 

Systems 

R.  National Electrical Manufactures Association (NEMA) : 

250-08..................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

TC-3-04.................PVC Fittings for Use with R igid PVC Conduit and 

Tubing 
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FB1-07..................Fittings, Cast Metal Boxes and Conduit Bodies 

for Conduit, Electrical Metallic Tubing and 

Cable 

S.  National Fire Protection Association (NFPA): 

70-11................... National Electrical Code ( NEC) 

731-08..................Standards for the Installat ion of Electric 

Premises Security Systems 

99-2005.................Health Care Facilities 

T.  Not Used 

U.  National Institute of Standards and Technology (NIS T): 

IR 6887 V2.1............Government Smart Card Inter operability 

Specification (GSC-IS) 

Special Pub 800-37......Guide for Applying the Risk  Management 

Framework to Federal Information Systems 

Special Pub 800-63......Electronic Authentication G uideline 

V.  Not Used 

W. Section 508 of the Rehabilitation Act of 1973  

X.  Security Industry Association (SIA):  

AG-01 ..................Security CAD Symbols Standa rds 

Y.  Underwriters Laboratories, Inc. (UL): 

1-05....................Flexible Metal Conduit  

5-04....................Surface Metal Raceway and F ittings 

6-07....................Rigid Metal Conduit 

44-05...................Thermoset-Insulated Wires a nd Cables 

50-07...................Enclosures for Electrical E quipment 

83-08...................Thermoplastic-Insulated Wir es and Cables 

294-99..................The Standard of Safety for Access Control 

System Units 

305-08..................Standard for Panic Hardware  

360-09..................Liquid-Tight Flexible Steel  Conduit 

444-08..................Safety Communications Cable s 

464-09..................Audible Signal Appliances 

467-07..................Electrical Grounding and Bo nding Equipment 

486A-03.................Wire Connectors and Solderi ng Lugs for Use with 

Copper Conductors 

486C-04.................Splicing Wire Connectors 
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486D-05.................Insulated Wire Connector Sy stems for 

Underground Use or in Damp or Wet Locations 

486E-00.................Equipment Wiring Terminals for Use with 

Aluminum and/or Copper Conductors 

493-07..................Thermoplastic-Insulated Und erground Feeder and 

Branch Circuit Cable 

514A-04.................Metallic Outlet Boxes 

514B-04.................Fittings for Cable and Cond uit 

797-07..................Electrical Metallic Tubing 

1635-10.................Digital Alarm Communicator System Units 

1242-06.................Intermediate Metal Conduit 

1479-03.................Fire Tests of Through-Penet ration Fire Stops 

Z.  Uniform Federal Accessibility Standards (UFAS) 1984  

AA.  United States Department of Commerce: 

Special Pub 500-101 ....Care and Handling of Comput er Magnetic Storage 

Media 

1.8  COORDINATION 

A.  Coordinate arrangement, mounting, and support of el ectronic safety and 

security equipment: 

1.  To allow maximum possible headroom unless specific mounting heights 

that reduce headroom are indicated. 

2.  To provide for ease of disconnecting the equipment with minimum 

interference to other installations. 

3.  To allow right of way for piping and conduit instal led at required 

slope. 

4.  So connecting raceways, cables, wireways, cable tra ys, and busways 

will be clear of obstructions and of the working an d access space of 

other equipment. 

B.  Coordinate installation of required supporting devi ces and set sleeves 

in cast-in-place concrete, masonry walls, and other  structural 

components as they are constructed. 

C.  Coordinate location of access panels and doors for electronic safety 

and security items that are behind finished surface s or otherwise 

concealed.  

1.9  MAINTENANCE & SERVICE 

A.  General Requirements 
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1.  The Contractor shall provide all services required and equipment 

necessary to maintain the entire integrated electro nic security 

system in an operational state as specified for a p eriod of one (1) 

year after formal written acceptance of the system.   The Contractor 

shall provide all necessary material required for p erforming 

scheduled adjustments or other non-scheduled work.  Impacts on 

facility operations shall be minimized when perform ing scheduled 

adjustments or other non-scheduled work.  See also General Project 

Requirements. 

B.  Description of Work 

1.  The adjustment and repair of the security system in cludes all 

software updates, panel firmware, and the following  new items:  

physical access control equipment. 

C.  Personnel 

1.  Service personnel shall be certified in the mainten ance and repair 

of the selected type of equipment and qualified to accomplish all 

work promptly and satisfactorily.  The COR shall be  advised in 

writing of the name of the designated service repre sentative, and of 

any change in personnel.  The COR shall be provided  copies of system 

manufacturer certification for the designated servi ce 

representative. 

D.  Schedule of Work 

1.  The work shall be performed during regular working hours, Monday 

through Friday, excluding federal holidays.  

E.  Not Used 

F.  Emergency Service 

1.  The owner shall initiate service calls whenever the  system is not 

functioning properly.  The Contractor shall provide  the Owner with 

an emergency service center telephone number.  The emergency service 

center shall be staffed 24 hours a day 365 days a y ear.  The Owner 

shall have sole authority for determining catastrop hic and non-

catastrophic system failures within parameters stat ed in General 

Project Requirements. 

a.  For catastrophic system failures, the Contractor sh all provide 

same day four (4) hour service response with a defe ct correction 

time not to exceed eight (8) hours from [notificati on] [arrival 

on site].  Catastrophic system failures are defined  as any system 



04-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 
 

28 05 00 - 17 
 

failure that the Owner determines will place the fa cility(s) at 

increased risk.   

b.  For non-catastrophic failures, the Contractor withi n eight (8) 

hours with a defect correction time not to exceed 2 4 hours from 

notification.  

G.  Operation 

1.  Performance of scheduled adjustments and repair sha ll verify 

operation of the system as demonstrated by the appl icable portions 

of the performance verification test. 

H.  Not Used 

I.  Not Used 

J.  Not Used 

K.  Not Used 

1.10  MINIMUM REQUIREMENTS 

A.  References to industry and trade association standa rds and codes are 

minimum installation requirement standards. 

B.  Drawings and other specification sections shall gov ern in those 

instances where requirements are greater than those  specified in the 

above standards. 

1.11  DELIVERY, STORAGE, & HANDLING 

A.  Equipment and materials shall be protected during s hipment and storage 

against physical damage, dirt, moisture, cold and r ain: 

1.  During installation, enclosures, equipment, control s, controllers, 

circuit protective devices, and other like items, s hall be protected 

against entry of foreign matter; and be vacuum clea ned both inside 

and outside before testing and operating and repain ting if required. 

2.  Damaged equipment shall be, as determined by the CO R, placed in 

first class operating condition or be returned to t he source of 

supply for repair or replacement. 

3.  Painted surfaces shall be protected with factory in stalled removable 

heavy craft paper, sheet vinyl or equal. 

4.  Damaged paint on equipment and materials shall be r efinished with 

the same quality of paint and workmanship as used b y the 

manufacturer so repaired areas are not obvious. 

B.  Central Station, Workstations, and Controllers: 

1.  Store in temperature and humidity controlled enviro nment in original 

manufacturer's sealed containers.  Maintain ambient  temperature 
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between 10 to 30 deg C (50 to 85 deg F), and not mo re than 80 

percent relative humidity, non-condensing. 

2.  Open each container; verify contents against packin g list, and file 

copy of packing list, complete with container ident ification for 

inclusion in operation and maintenance data. 

3.  Mark packing list with designations which have been  assigned to 

materials and equipment for recording in the system  labeling 

schedules generated by cable and asset management s ystem. 

4.  Save original manufacturer's containers and packing  materials and 

deliver as directed under provisions covering extra  materials. 

1.12  PROJECT CONDITIONS 

A.  Environmental Conditions:  System shall be capable of withstanding the 

following environmental conditions without mechanic al or electrical 

damage or degradation of operating capability: 

1.  Interior, Controlled Environment:  System component s, except 

central-station control unit, installed in temperat ure-controlled 

interior environments shall be rated for continuous  operation in 

ambient conditions of 2 to 50 deg C (36 to 122 deg F) dry bulb and 

20 to 90 percent relative humidity, non-condensing.   NEMA 250, Type 

1 enclosure. 

2.  Interior, Uncontrolled Environment:  System compone nts installed in 

non-temperature-controlled interior environments sh all be rated for 

continuous operation in ambient conditions of -18 t o 50 deg C (0 to 

122 deg F) dry bulb and 20 to 90 percent relative h umidity, non-

condensing.  NEMA 250, Type 4X enclosures. 

3.  Exterior Environment:  System components installed in locations 

exposed to weather shall be rated for continuous op eration in 

ambient conditions of -34 to 50 deg C (-30 to 122 d eg F) dry bulb 

and 20 to 90 percent relative humidity, condensing.   Rate for 

continuous operation where exposed to rain as speci fied in NEMA 250, 

winds up to 137 km/h (85 mph) and snow cover up to 610 mm (24 in) 

thick.  NEMA 250, Type 4X enclosures. 

4.  Hazardous Environment:  System components located i n areas where 

fire or explosion hazards may exist because of flam mable gases or 

vapors, flammable liquids, combustible dust, or ign itable fibers 

shall be rated, listed, and installed according to NFPA 70. 

5.  Not Used 
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B.  Security Environment:  Use vandal resistant enclosu res in high-risk 

areas where equipment may be subject to damage. 

C.  Not Used  

1.13  EQUIPMENT AND MATERIALS 

A.  Materials and equipment furnished shall be of curre nt production by 

manufacturers regularly engaged in the manufacture of such items, for 

which replacement parts shall be available. 

B.  When more than one unit of the same class of equipm ent is required, 

such units shall be the product of a single manufac turer. 

C.  Equipment Assemblies and Components: 

1.  Components of an assembled unit need not be product s of the same 

manufacturer. 

2.  Manufacturers of equipment assemblies, which includ e components made 

by others, shall assume complete responsibility for  the final 

assembled unit. 

3.  Components shall be compatible with each other and with the total 

assembly for the intended service. 

4.  Constituent parts which are similar shall be the pr oduct of a single 

manufacturer. 

D.  Factory wiring shall be identified on the equipment  being furnished and 

on all wiring diagrams. 

E.  When Factory Testing Is Specified: 

1.  The Government shall have the option of witnessing factory tests. 

The contractor shall notify the VA through the COR a minimum of 15 

working days prior to the manufacturers making the factory tests. 

2.  Four copies of certified test reports containing al l test data shall 

be furnished to the COR prior to final inspection a nd not more than 

90 days after completion of the tests. 

3.  When equipment fails to meet factory test and re-in spection is 

required, the contractor shall be liable for all ad ditional 

expenses, including expenses of the Government. 

1.14  ELECTRICAL POWER 

A.  Electrical power of 120 Volts Alternating Current ( VAC) shall be 

indicated on the Division 26 drawings.  Additional locations requiring 

primary power required by the security system shall  be shown as part of 

these contract documents.  Primary power for the se curity system shall 

be configured to switch to emergency backup sources  automatically if 
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interrupted without degradation of any critical sys tem function.  

Alarms shall not be generated as a result of power switching, however, 

an indication of power switching on (on-line source ) shall be provided 

to the alarm monitor.   

B.  Failure of any on-line battery shall be detected an d reported as a 

fault condition.  Battery backed-up power supplies shall be provided 

sized for 8 hours of operation at actual connected load.  Requirements 

for additional power or locations shall be included  with the contract 

to support equipment and systems offered.  The foll owing minimum 

requirements shall be provided for power sources an d equipment. 

1.  Emergency Generator 

a.  Not Used 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  Lights:  Unit Control Room, Equipment Rooms, & Secu rity Offices  

f.  Outlets: Security Outlets dedicated to security equ ipment racks 

or security enclosure assemblies. 

g.  Security Device Power Supplies (DGP, VASS, Card Acc ess, Lock 

Power, etc.) powered from the security closets or r emotely:  

various locations 

h.  Not Used 

i.  Not Used 

j.  Not Used 

k.  Not Used 

l.  Not Used 

m.  Not Used 

n.  Not Used 

o.  Not Used 

2.  Not Used 

1.15  TRANSIENT VOLTAGE SUPPRESSION, POWER SURGE SUPPLESION, & GROUNDING 

A.  Transient Voltage Surge Suppression:  All cables an d conductors 

extending beyond building façade, except fiber opti c cables, which 

serve as communication, control, or signal lines sh all be protected 

against Transient Voltage surges and have Transient  Voltage Surge 

Suppression (TVSS) protection.  The TVSS device sha ll be UL listed in 

accordance with Standard TIA 497B installed at each  end.  Lighting and 
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surge suppression shall be a multi-strike variety a nd include a fault 

indicator.  Protection shall be furnished at the eq uipment and 

additional triple solid state surge protectors rate d for the 

application on each wire line circuit shall be inst alled within 914.4 

mm (3 ft) of the building cable entrance.  Fuses sh all not be used for 

surge protection.  The inputs and outputs shall be tested in both 

normal mode and common mode to verify there is no i nterference. 

1.  A 10-microsecond rise time by 1000 microsecond puls e width waveform 

with a peak voltage of 1500 volts and a peak curren t of 60 amperes. 

2.  An 8-microsecond rise time by 20-microsecond pulse width waveform 

with a peak voltage of 1000 volts and a peak curren t of 500 amperes. 

3.  Maximum series current:  2 AMPS.  Provide units man ufactured by 

Advanced Protection Technologies, model # TE/FA 10B  or TE/FA 20B. 

4.  Operating Temperature and Humidity: -40 to 85 deg C  (-40 to 185 deg 

F), 0 to 95 percent relative humidity. 

B.  Grounding and Surge Suppression 

1.  The Security Contractor shall provide grounding and  surge 

suppression to stabilize the voltage under normal o perating 

conditions.  To ensure the operation of over curren t devices, such 

as fuses, circuit breakers, and relays, underground -fault 

conditions. 

2.  Security Contractor shall engineer and provide prop er grounding and 

surge suppression as required by local jurisdiction  and prevailing 

codes and standards referenced in this document.  

3.  Principal grounding components and features.  Inclu de main grounding 

buses and grounding and bonding connections to serv ice equipment. 

4.  Details of interconnection with other grounding sys tems.  The 

lightning protection system shall be provided by th e Security 

Contractor. 

5.  Locations and sizes of grounding conductors and gro unding buses in 

electrical, data, and communication equipment rooms  and closets. 

6.  AC power receptacles are not to be used as a ground  reference point. 

7.  Any cable that is shielded shall require a ground i n accordance with 

the best practices of the trade and manufactures in stallation 

instructions. 

8.  Protection should be provided at both ends of cabli ng. 
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1.16  COMPONENT ENCLOSURES 

A.  Construction of Enclosures 

1.  Power supply enclosures, control units and other co mponent housings, 

collectively referred to as enclosures, shall be so  formed and 

assembled as to be sturdy and rigid.   

2.  Thickness of metal in-cast and sheet metal enclosur es of all types 

shall not be less than those in Tables I and II, UL  611.  Sheet 

steel used in fabrication of enclosures shall be no t less than 14 

gauge.  Consoles shall be 16-gauge.   

3.  Doors and covers shall be flanged.  Enclosures shal l not have pre-

punched knockouts.  Where doors are mounted on hing es with exposed 

pins, the hinges shall be of the tight pin type or the ends of hinge 

pins shall be tack welded to prevent removal.  Door s having a latch 

edge length of less than 609.6 mm (24 in) shall be provided with a 

single construction core.  Where the latch edge of a hinged door is 

more than 609.6 mm (24 in) or more in length, the d oor shall be 

provided with a three-point latching device with co nstruction core; 

or alternatively with two, one located near each en d.  

4.  Any ventilator openings in enclosures and cabinets shall conform to 

the requirements of UL 611.  Unless otherwise indic ated, sheet metal 

enclosures shall be designed for wall mounting with  tip holes 

slotted.  Mounting holes shall be in positions that  remain 

accessible when all major operating components are in place and the 

door is open but shall be in accessible when the do or is closed.   

5.  Covers of pull and junction boxes provided to facil itate initial 

installation of the system shall be held in place b y tamper proof 

Torx Center post security screws.  Stenciled or pai nted labels shall 

be affixed to such boxes indicating they contain no  connections. 

These labels shall not indicate the box is part of the Electronic 

Security System (ESS). 

B.  Not Used 

C.  Not Used   

1.17  ELECTRONIC COMPONENTS 

A.  All electronic components of the system shall be of  the solid-state 

type, mounted on printed circuit boards conforming to UL 796.  Boards 

shall be plug-in, quick-disconnect type.  Circuitry  shall not be so 

densely placed as to impede maintenance.  All power -dissipating 
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components shall incorporate safety margins of not less than 25 percent 

with respect to dissipation ratings, maximum voltag es, and current-

carrying capacity. 

1.18  SUBSTITUTE MATERIALS & EQUIPMENT 

A.  Where variations from the contract requirements are  requested in 

accordance with the GENERAL CONDITIONS and Section 01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES, the connecting  work and related 

components shall include, but not be limited to add itions or changes to 

branch circuits, circuit protective devices, condui ts, wire, feeders, 

controls, panels and installation methods. 

B.  In addition to this Section the Security Contractor  shall also 

reference Section II, Products and associated divis ions.  The COR shall 

have final authority on the authorization or refusa l of substitutions.  

If there are no proposed substitutions, a statement  in writing from the 

Contractor shall be submitted to the COR stating sa me.  In the 

preparation of a list of substitutions, the followi ng information shall 

be included, as a minimum:  

1.  Identity of the material or devices specified for w hich there is a 

proposed substitution. 

2.  Description of the segment of the specification whe re the material 

or devices are referenced. 

3.  Identity of the proposed substitute by manufacturer , brand name, 

catalog or model number and the manufacturer’s prod uct name. 

4.  A technical statement of all operational characteri stic expressing 

equivalence to items to be substituted and comparis on, feature-by-

feature, between specification requirements and the  material or 

devices called for in the specification; and Price differential. 

C.  Materials Not Listed:  Furnish all necessary hardwa re, software, 

programming materials, and supporting equipment req uired to place the 

specified major subsystems in full operation.  Note  that some 

supporting equipment, materials, and hardware may n ot be described 

herein.  Depending on the manufacturers selected by  the COTR, some 

equipment, materials and hardware may not be contai ned in either the 

Contract Documents or these written specifications,  but are required by 

the manufacturer for complete operation according t o the intent of the 

design and these specifications.  In such cases, th e COR shall be given 

the opportunity to approve the additional equipment , hardware and 
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materials that shall be fully identified in the bid  and in the 

equipment list submittal.  The COR shall be consult ed in the event 

there is any question about which supporting equipm ent, materials, or 

hardware is intended to be included. 

D.  Response to Specification:  The Contractor shall su bmit a point-by-

point statement of compliance with each paragraph o f the security 

specification.  The statement of compliance shall l ist each paragraph 

by number and indicate “COMPLY” opposite the number  for each paragraph 

where the Contractor fully complies with the specif ication.  Where the 

proposed system cannot meet the requirements of the  paragraph, and does 

not offer an equivalent solution, the offers shall indicate “DOES NOT 

COMPLY” opposite the paragraph number.  Where the p roposed system does 

not comply with the paragraph as written, but the b idder feels it will 

accomplish the intent of the paragraph in a manner different from that 

described, the offers shall indicate “COMPARABLE”.  The offers shall 

include a statement fully describing the “comparabl e” method of 

satisfying the requirement.  Where a full and conci se description is 

not provided, the offered system shall be considere d as not complying 

with the specification.  Any submission that does n ot include a point-

by-point statement of compliance, as described abov e, shall be 

disqualified.  Submittals for products shall be in precise order with 

the product section of the specification.  Submitta ls not in proper 

sequence will be rejected. 

1.19  LIKE ITEMS 

A.  Where two or more items of equipment performing the  same function are 

required, they shall be exact duplicates produced b y one manufacturer.  

All equipment provided shall be complete, new, and free of any defects. 

1.20  WARRANTY 

A.  The Contractor shall, as a condition precedent to t he final payment, 

execute a written guarantee (warranty) to the COTR certifying all 

contract requirements have been completed according  to the final 

specifications.  Contract drawings and the warranty  of all materials 

and equipment furnished under this contract are to remain in 

satisfactory operating condition (ordinary wear and  tear, abuse and 

causes beyond his control for this work accepted) f or one (1) year from 

the date the Contactor received written notificatio n of final 

acceptance from the COTR.  Demonstration and traini ng shall be 
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performed prior to system acceptance.  All defects or damages due to 

faulty materials or workmanship shall be repaired o r replaced without 

delay, to the COTR's satisfaction, and at the Contr actor's expense.  

The Contractor shall provide quarterly inspections during the warranty 

period.  The contractor shall provide written docum entation to the COTR 

on conditions and findings of the system and device (s).  In addition, 

the contractor shall provide written documentation of test results and 

stating what was done to correct any deficiencies.  The first 

inspection shall occur 90 calendar days after the a cceptance date.  The 

last inspection shall occur 30 calendar days prior to the end of the 

warranty.  The warranty period shall be extended un til the last 

inspection and associated corrective actions are co mplete.  When 

equipment and labor covered by the Contractor's war ranty, or by a 

manufacturer's warranty, have been replaced or rest ored because of it’s 

failure during the warranty period, the warranty pe riod for the 

replaced or repaired equipment or restored work sha ll be reinstated for 

a period equal to the original warranty period, and  commencing with the 

date of completion of the replacement or restoratio n work.  In the 

event any manufacturer customarily provides a warra nty period greater 

than one (1) year, the Contractor's warranty shall be for the same 

duration for that component. 

1.21  SINGULAR NUMBER  

Where any device or part of equipment is referred t o in these 

specifications in the singular number (e.g., "the s witch"), this 

reference shall be deemed to apply to as many such devices as are 

required to complete the installation as shown on t he drawings. 

PART 2 -  PRODUCTS 

2.1  EQUIPMENT AND MATERIALS 

A.  All equipment shall be UL 827, UL 1981, and UL 6095 0 compliant and 

rated for continuous operation. Environmental condi tions (i.e. 

temperature, humidity, wind, and seismic activity) shall be taken under 

consideration at each facility and site location pr ior to installation 

of the equipment. 

B.  All equipment shall operate on a 120 or 240 volts a lternating current 

(VAC); 50 Hz or 60 Hz AC power system unless docume nted otherwise in 

subsequent sections listed within this specificatio n. All equipment 

shall have a back-up source of power that will prov ide a minimum of [8] 
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<insert hours> hours of run time in the event of a loss of primary 

power to the facility. 

C.  The system shall be designed, installed, and progra mmed in a manner 

that will allow for ease of operation, programming,  servicing, 

maintenance, testing, and upgrading of the system. 

D.  All equipment and materials for the system will be compatible to ensure 

correct operation. 

2.2  EQUIPMENT ITEMS – NOT USED 

2.3  FIBER OPTIC EQUIPMENT – NOT USED 

2.4  TRANSIENT VOLTAGE SURGE SUPPRESSION DEVICES (TVSS) AND SURGE SUPPRESION 

A.  Transient Voltage Surge Suppression 

1.  All cables and conductors extending beyond building  perimeter, 

except fiber optic cables, which serve as communica tion, control, or 

signal lines shall be protected against Transient V oltage surges and 

have Transient Voltage surge suppression protection  (TVSS) UL listed 

in accordance with Standard 497B installed at each end.  Lighting 

and surge suppression shall be a multi-strike varie ty and include a 

fault indicator.  Protection shall be furnished at the equipment and 

additional triple solid state surge protectors rate d for the 

application on each wire line circuit shall be inst alled within 915 

mm (36 in) of the building cable entrance.  Fuses s hall not be used 

for surge protection.  The inputs and outputs shall  be tested in 

both normal mode and common mode using the followin g waveforms: 

a.  A 10-microsecond rise time by 1000 microsecond puls e width 

waveform with a peak voltage of 1500 volts and a pe ak current of 

60 amperes. 

b.  An 8-microsecond rise time by 20-microsecond pulse width waveform 

with a peak voltage of 1000 volts and a peak curren t of 500 

amperes. 

c.  Maximum series current:  2 AMPS.  Provide units man ufactured by 

Advanced Protection Technologies, model # TE/FA 10B  or TE/FA 20B 

or approved equivalent. 

d.  Operating Temperature and Humidity:  -40 to + 85 de g C (-40 to 

185 deg F), and 0 to 95 percent relative humidity, non-

condensing. 

B.  Physical Access Control Systems 
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1.  Suppressors shall be installed on AC power at the p oint of service 

and shall meet the following criteria: 

a.  UL1449 2nd Edition, 2007, listed 

b.  UL1449 S.V.R. of 400 Volts or lower 

c.  Status Indicator Light(s) 

d.  Minimum Surge Current Capacity:  40,000 Amps (8 x 2 0 µsec) 

e.  Maximum Continuous Current:  15 Amps 

f.  MCOV:  125 VAC 

g.  Service Voltage:  110-120 VAC 

2.  Suppressors shall be installed on the Low Voltage c ircuit at both 

the point of entrance and exit of the building.  Su ppressors shall 

meet the following criteria: 

a.  UL 497B 

b.  Minimum Surge Current Capacity:  2,000 Amps per pai r 

c.  Maximum Continuous Current:  5 Amps 

d.  MCOV:  33 Volts 

e.  Service Voltage:  24Volts 

3.  Suppressors shall be installed on the communication  circuit between 

the access controller and card reader at both the e ntrance and exit 

of the building.  Suppressors shall meet the follow ing criteria: 

a.  Conforms with UL497B standards (where applicable) 

b.  Clamp level for 12 and 24V power:  18VDC / 38VDC 

c.  Clamp level for Data/LED:  6.8VDC 

d.  Service Voltage for Power:  12VDC/24VDC 

e.  Service Voltage for Data/LED:  <5VDC  

f.  Clamp level – PoE Access Power:  72V 

g.  Clamp level – PoE Access Data:  7.9V 

h.  Service Voltage – PoE Access:  48VAC – 54VAC 

i.  Service Voltage – PoE Data:  <5VDC 

C.  Not Used 

D.  Not Used 

E.  Not Used 

F.  Grounding and Surge Suppression 

1.  The Security Contractor shall provide grounding and  surge 

suppression to stabilize the voltage under normal o perating 

conditions.  This is to ensure the operation of ove r current 
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devices, such as fuses, circuit breakers, and relay s, underground-

fault conditions. 

2.  The Contractor shall engineer, provide, ad install proper grounding 

and surge suppression as required by local jurisdic tion and 

prevailing codes and standards, referenced in this document.  

3.  Principal grounding components and features shall i nclude:  main 

grounding buses, grounding, and bonding connections  to service 

equipment. 

4.  The Contractor shall provide detail drawings of int erconnection with 

other grounding systems including lightning protect ion systems. 

5.  The Contractor shall provide details of locations a nd sizes of 

grounding conductors and grounding buses in electri cal, data, and 

communication equipment rooms and closets. 

6.  AC power receptacles are not to be used as a ground  reference point. 

7.  Any cable that is shielded shall require a ground i n accordance with 

applicable codes, the best practices of the trade, and all 

manufactures’ installation instructions. 

G.  120 VAC Surge Suppression 

1.  Continuous Current:  Unlimited (parallel connection ) 

2.  Max Surge Current:  13,500 Amps 

3.  Protection Modes:  L - N, L - G, N - G 

4.  Warranty:  Ten Year Limited Warranty 

5.  Dimension:  73.7 x 41.1 x 52.1 mm (2.90 x 1.62 x 2. 05 in) 

6.  Weight:  2.88 g (0.18 lbs) 

7.  Housing:  ABS 

2.5  INSTALLATION KIT – NOT USED  

PART 3 -  EXECUTION 

3.1  COMMON REQUIREMENTS FOR ELECTRONIC SAFETY AND SECURITY INSTALLATION 

A.  Comply with NECA 1. 

B.  Measure indicated mounting heights to bottom of uni t for suspended 

items and to center of unit for wall-mounting items . 

C.  Headroom Maintenance:  If mounting heights or other  location criteria 

are not indicated, arrange and install components a nd equipment to 

provide maximum possible headroom consistent with t hese requirements. 

D.  Equipment:  Install to facilitate service, maintena nce, and repair or 

replacement of components of both electronic safety  and security 

equipment and other nearby installations.  Connect in such a way as to 
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facilitate future disconnecting with minimum interf erence with other 

items in the vicinity. 

E.  Right of Way:  Give to piping systems installed at a required slope. 

F.  Equipment location shall be as close as practical t o locations shown on 

the drawings. 

G.  Inaccessible Equipment: 

1.  Where the Government determines that the Contractor  has installed 

equipment not conveniently accessible for operation  and maintenance, 

the equipment shall be removed and reinstalled as d irected at no 

additional cost to the Government. 

2.  "Conveniently accessible" is defined as being capab le of being 

reached without the use of ladders, or without clim bing or crawling 

under or over obstacles such as, but not limited to , motors, pumps, 

belt guards, transformers, piping, ductwork, condui t and raceways. 

3.2  FIRESTOPPING 

A.  Apply firestopping to penetrations of fire-rated fl oor and wall 

assemblies for electronic safety and security insta llations to restore 

original fire-resistance rating of assembly.  Fires topping materials 

and installation requirements are specified in Divi sion 07 Section 07 

84 00 "Firestopping." 

3.3  COMMISIONING 

A.  Provide commissioning documentation in accordance w ith the requirements 

of Section 28 08 00 – COMMISIONIN OF ELECTRONIC SAF ETY AND SECURITY 

SYSTEMS for all inspection, start up, and contracto r testing required 

above and required by the System Readiness Checklis t provided by the 

Commissioning Agent. 

B.  Components provided under this section of the speci fication will be 

tested as part of a larger system.  Refer to sectio n 28 08 00 – 

COMMISIONING OF ELECTRONIC SAFETY AND SECURITY SYSTEMS and related 

sections for contractor responsibilities for system  commissioning.  

3.4  DEMONSTRATION AND TRAINING – NOT USED 

3.5  WORK PERFORMANCE 

A.  Job site safety and worker safety is the responsibi lity of the 

contractor. 

B.  For work on existing stations, arrange, phase and p erform work to 

assure electronic safety and security service for o ther buildings at 
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all times. Refer to Article OPERATIONS AND STORAGE AREAS under Section 

01 00 00, GENERAL REQUIREMENTS. 

C.  New work shall be installed and connected to existi ng work neatly and 

carefully. Disturbed or damaged work shall be repla ced or repaired to 

its prior conditions, as required by Section 01 00 00, GENERAL 

REQUIREMENTS. 

D.  Coordinate location of equipment and conduit with o ther trades to 

minimize interferences. See the GENERAL CONDITIONS.  

3.6  SYSTEM PROGRAMMING 

A.  General Programming Requirements 

1.  This following section shall be used by the contrac tor to identify 

the anticipated level of effort (LOE) required setu p, program, and 

configure the Electronic Security System (ESS).  Th e contractor 

shall be responsible for providing all setup, confi guration, and 

programming to include data entry for the Security Management System 

(SMS) and subsystems. System programming for existi ng or new SMS 

servers shall not be conducted at the project site.      

B.  Level of Effort for Programming 

1.  The Contractor shall perform and complete system pr ogramming 

(including all data entry) at an offsite location u sing the 

Contractor’s own copy of the SMS software.  The Con tractor’s copy of 

the SMS software shall be of the Owners current ver sion.  Once 

system programming has been completed, the Contract or shall deliver 

the data to the COR on data entry forms and an appr oved electronic 

medium, utilizing data from the contract documents.   The completed 

forms shall be delivered to the COR for review and approval at least 

90 calendar days prior to the scheduled date the Co ntractor requires 

it.  The Contractor shall not upload system program ming until the 

COR has provided written approval.  The Contractor is responsible 

for backing up the system prior to uploading new pr ogramming data.  

Additional programming requirements are provided as  follows: 

a.  Not Used 

b.  Programming for Existing SMS Servers:  The contract or shall 

perform all related system programming except for p ersonnel data 

as noted.  The contractor will not be responsible f or uploading 

personnel information (e.g., ID Cards backgrounds, names, access 

privileges, access schedules, personnel groupings).  The 
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contractor shall anticipate a weekly coordination m eeting and 

working alongside of COR to ensure data uploading i s performed 

without incident of loss of function or data loss.  System 

programming for SMS servers shall be performed by u sing the 

Contractor’s own server and software.  These server s shall not be 

connected to existing devices or systems at any tim e.     

2.  The Contractor shall identify and request from the COR, any 

additional data needed to provide a complete and op erational system 

as described in the contract documents.   

3.  Contractor and COR coordination on programming requ ires a high level 

of coordination to ensure programming is performed in accordance 

with VA requirements and programming uploads do not  disrupt existing 

systems functionality.  The contractor shall antici pate a minimum a 

weekly coordination meeting.  Contractor shall ensu re data uploading 

is performed without incident of loss of function o r data loss.  The 

following Level of Effort Chart is provided to comm unicate the 

expected level of effort required by contractors on  VA ESS projects.  

Calculations to determine actual levels of effort s hall be confirmed 

by the contractor before project award. 
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3.7  TESTING AND ACCEPTANCE 

A.  Performance Requirements 

1.  General:   

a.  The Contractor shall perform contract field, perfor mance 

verification, and endurance testing and make adjust ments of the 

completed security system when permitted.  The Cont ractor shall 

provide all personnel, equipment, instrumentation, and supplies 

necessary to perform all testing.  Written notifica tion of 

planned testing shall be given to the COR at least 60 calendar 

days prior to the test and after the Contractor has  received 

written approval of the specific test procedures.      

b.  The COTR shall witness all testing and system adjus tments during 

testing.  Written permission shall be obtained from  the COR 

before proceeding with the next phase of testing.  Original 

copies of all data produced during performance veri fication and 

endurance testing shall be turned over to the COR a t the 

conclusion of each phase of testing and prior to CO R approval of 

the test. 

2.  Test Procedures and Reports:  The test procedures, compliant w/ VA 

standard test procedures, shall explain in detail, step-by-step 

actions and expected results demonstrating complian ce with the 

requirements of the specification.  The test report s shall be used 

to document results of the tests.  The reports shal l be delivered to 

the COR within seven (7) calendar days after comple tion of each 

test. 

B.  Not Used  

C.   Not Used 

D.  Not Used 

E.  Not Used 

F.  Performance Verification Test (PVT) 

1.  Test team. 

a.  Not Used  

2.  The Contractor shall demonstrate the completed Phys ical Access 

Control System PACS complies with the contract requ irements.  In 

addition, the Contractor shall provide written cert ification that 

the system is 100% operational prior to establishin g a date for 

starting PVT.  Using approved test procedures, all physical and 
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functional requirements of the project shall be dem onstrated and 

shown.  The PVT will be stopped and aborted as soon  as 10 technical 

deficiencies are found requiring correction.  The C ontractor shall 

be responsible for all travel and lodging expenses incurred for out-

of-town personnel required to be present for resump tion of the PVT.  

If the acceptance test is aborted, the re-test will  commence from 

the beginning with a retest of components previousl y tested and 

accepted.   

3.  The PVT, as specified, shall not begin until receip t of written 

certification that the Contractors Field Testing wa s successful.  

This shall include certification of successful comp letion of testing 

as specified in paragraph “Contractor’s Field Testi ng”, and upon 

successful completion of testing at any time when t he system fails 

to perform as specified.  Upon termination of testi ng by the COR or 

Contractor, the Contractor shall commence an assess ment period as 

described for Endurance Testing Phase II.   

4.  Upon successful completion of the acceptance test, the Contractor 

shall deliver test reports and other documentation,  as specified, to 

the COR prior to commencing the endurance test. 

5.  Additional Components of the PVT shall include:  

a.  System Inventory 

1.)  All Device equipment 

2.)  All Software 

3.)  All Logon and Passwords 

4.)  All Cabling System Matrices 

5.)  All Cable Testing Documents 

6.)  All System and Cabinet Keys 

b.  Inspection 

1.)  Contractor shall record an inspection punch list no ting all 

system deficiencies.  The contractor shall prepare an 

inspection punch list format for COR approval. 

2.)  As a minimum the punch list shall include a listing  of 

punch list items, punch list item location, descrip tion of 

item problem, date noted, date corrected, and detai ls of 

how item was corrected.  

6.  Partial PVT - At the discretion of COR, the Perform ance Verification 

Test may be performed in part should a 100% complia nt CFT be 
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performed.  In the event that a partial PVT will be  performed 

instead of a complete PVT; the partial PVT shall be  performed by 

testing 10% of the system.  The contractor shall pe rform a test of 

each procedure on select devices or equipment.   

G.  Not Used 

H.  Exclusions 

1.  The Contractor will not be held responsible for fai lures in system 

performance resulting from the following: 

a.  An outage of the main power in excess of the capabi lity of any 

backup power source provided the automatic initiati on of all 

backup sources was accomplished and that automatic shutdown and 

restart of the PACS performed as specified. 

b.  Failure of an Owner furnished equipment or communic ations link, 

provided the failure was not due to Contractor furn ished 

equipment, installation, or software. 

c.  Failure of existing Owner owned equipment, provided  the failure 

was not due to Contractor furnished equipment, inst allation, or 

software.  

 
- - - E N D - - - 
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SECTION 28 05 13 
CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section specifies the finishing, installation,  connection, testing 

and certification the conductors and cables require d for a fully 

functional for electronic safety and security (ESS)  system. 

1.2  RELATED WORK 

A.  Section 01 00 00 - GENERAL REQUIREMENTS. For Genera l Requirements.   

B.  Section 07 84 00 - FIRESTOPPING. Requirements for f irestopping 

application and use.   

C.  Section 28 05 00 – COMMON WORK RESULTS FOR ELECTRON IC SAFETY AND 

SECURITY. Requirements for general requirements tha t are common to more 

than one section in Division 28. 

D.  Section 28 05 26 - GROUNDING AND BONDING FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for personnel safety and to provide a low 

impedance path for possible ground fault currents.   

E.  Section 28 05 28.33 - CONDUITS AND BOXES FOR ELECTR ONIC SECURITY AND 

SAFETY. Requirements for infrastructure.   

F.  Not Used   

G.  Not Used   

1.3  DEFINITIONS 

A.  BICSI:  Building Industry Consulting Service Intern ational. 

B.  EMI:  Electromagnetic interference. 

C.  IDC:  Insulation displacement connector. 

D.  Ladder Cable Tray:  A fabricated structure consisti ng of two 

longitudinal side rails connected by individual tra nsverse members 

(rungs). 

E.  Low Voltage:  As defined in NFPA 70 for circuits an d equipment operating 

at less than 50 V or for remote-control and signali ng power-limited 

circuits. 

F.  Open Cabling:  Passing telecommunications cabling t hrough open space 

(e.g., between the studs of a wall cavity). 

G.  RCDD:  Registered Communications Distribution Desig ner. 

H.  Not Used 

I.  Not Used 

J.  UTP:  Unshielded twisted pair. 

1.4  QUALITY ASSURANCE 

A.  See section 28 05 00, Paragraph 1.4. 
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1.5  SUBMITTALS 

A.  In accordance with Section 01 33 23, SHOP DRAWINGS,  PRODUCT DATA, AND 

SAMPLES, furnish the following: 

1.  Manufacturer's Literature and Data: Showing each ca ble type and 

rating. 

2.  Certificates: Two weeks prior to final inspection, deliver to the COR 

four copies of the certification that the material is in accordance 

with the drawings and specifications and diagrams f or cable 

management system. 

3.  Shop Drawings: 

a.  Not Used 

b.  Not Used 

c.  Not Used 

d.  Not Used 

e.  System labeling schedules, including electronic cop y of labeling 

schedules that are part of the cable and asset iden tification 

system of the software specified in Parts 2 and 3. 

4.  Not Used 

5.  Not Used 

6.  Not Used 

7.  Maintenance Data:  For wire and cable to include in  maintenance 

manuals. 

1.6  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are reference in the text by the basic 

designation only. 

B.  American Society of Testing Material (ASTM): 

D2301-04................Standard Specification for Vinyl Chloride 

Plastic Pressure Sensitive Electrical Insulating 

Tape  

C.  Federal Specifications (Fed. Spec.): 

A-A-59544-08............Cable and Wire, Electrical (Power, Fixed 

Installation) 

D.  National Fire Protection Association (NFPA): 

70-11...................National Electrical Code (N EC) 

E.  Underwriters Laboratories, Inc. (UL): 

44-05...................Thermoset-Insulated Wires a nd Cables 

83-08...................Thermoplastic-Insulated Wir es and Cables 

467-07..................Electrical Grounding and Bo nding Equipment 
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486A-03.................Wire Connectors and Solderi ng Lugs for Use with 

Copper Conductors 

486C-04.................Splicing Wire Connectors 

486D-05.................Insulated Wire Connector Sy stems for Underground 

Use or in Damp or Wet Locations 

486E-00.................Equipment Wiring Terminals for Use with Aluminum 

and/or Copper Conductors 

493-07..................Thermoplastic-Insulated Und erground Feeder and 

Branch Circuit Cable 

514B-04.................Fittings for Cable and Cond uit 

1479-03.................Fire Tests of Through-Penet ration Fire Stops// 

1.7  DELIVERY, STORAGE, AND HANDLING 

A.  Test cables upon receipt at Project site. 

1.  Not Used 

2.  Not Used 

3.  Test each pair of UTP cable for open and short circ uits. 

1.8  PROJECT CONDITIONS 

A.  Environmental Limitations:  Do not deliver or insta ll UTP, optical 

fiber, and coaxial cables and connecting materials until wet work in 

spaces is complete and dry, and temporary HVAC syst em is operating and 

maintaining ambient temperature and humidity condit ions at occupancy 

levels during the remainder of the construction per iod. 

PART 2 -  PRODUCTS  

2.1  GENERAL 

A.  General: All cabling locations shall be in conduit systems as outlined 

in Division 28 unless a waiver is granted in writin g or an exception is 

noted on the construction drawings. 

B.  Support of Open Cabling:  NRTL labeled for support of cabling, designed 

to prevent degradation of cable performance and pin ch points that could 

damage cable. 

1.  Support brackets with cable tie slots for fastening  cable ties to 

brackets. 

2.  Lacing bars and spools. 

3.  Straps and other devices. 

C.  Not Used 

D.  Conduit and Boxes:  Comply with requirements in Div ision 28 Section 

"Conduits and Backboxes for Electrical Systems."  F lexible metal conduit 

shall not be used. 

1.  Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches 

(75 mm) high, and 2-1/2 inches (64 mm) deep. 
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2.2  BACKBOARDS 

A.  Backboards:  Plywood, fire-retardant treated, 3/4 b y 48 by 96 inches (19 

by 1220 by 2440 mm).  Plywood shall not be painted.    Fire rating label 

or stencil shall face into the room. 

2.3  UTP CABLE 

A.  Description:  100-ohm, 4-pair UTP, formed into 25-p air binder groups 

covered with a blue thermoplastic jacket. 

1.  Comply with ICEA S-90-661 for mechanical properties . 

2.  Comply with TIA/EIA-568-B.1 for performance specifi cations. 

3.  Comply with TIA/EIA-568-B.2, Category 6. 

4.  Listed and labeled by an NRTL acceptable to authori ties having 

jurisdiction as complying with UL 444 and NFPA 70 f or the following 

types: 

a.  Not Used 

b.  Communications, Plenum Rated:  Type CM, complying w ith NFPA 262. 

c.  Communications, Riser Rated:  Type CMR, complying w ith UL 1666. 

d.  Communications, Limited Purpose:  Type CMX. 

e.  Multipurpose:  Type MP or MPG. 

f.  Multipurpose, Plenum Rated:  Type MPP, complying wi th NFPA 262. 

g.  Multipurpose, Riser Rated:  Type MPR, complying wit h UL 1666. 

2.4  UTP CABLE HARDWARE 

A.  UTP Cable Connecting Hardware:  IDC type, using mod ules designed for 

punch-down caps or tools.  Cables shall be terminat ed with connecting 

hardware of the same category or higher. 

B.  Connecting Blocks:  110-style for Category 6.  Prov ide blocks for the 

number of cables terminated on the block, plus 25 p ercent spare.  

Integral with connector bodies, including plugs and  jacks where 

indicated. 

2.5  OPTICAL FIBER CABLE – NOT USED 

2.6  OPTICAL FIBER CABLE HARDWARE – NOT USED 

2.7  COAXIAL CABLE – NOT USED 

2.8  COAXIAL CABLE HARDWARE – NOT USED 

2.9  RS-232 CABLE 

A.  Standard Cable:  NFPA 70, Type CM. 

1.  Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned  copper 

conductors. 

2.  Polypropylene insulation. 

3.  Individual aluminum foil-polyester tape shielded pa irs with 100 

percent shield coverage. 
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4.  PVC jacket. 

5.  Pairs are cabled on common axis with No. 24 AWG, st randed (7x32) 

tinned copper drain wire. 

6.  Flame Resistance:  Comply with UL 1581. 

B.  Plenum-Rated Cable:  NFPA 70, Type CMP. 

1.  Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned  copper 

conductors. 

2.  Plastic insulation. 

3.  Individual aluminum foil-polyester tape shielded pa irs with 100 

percent shield coverage. 

4.  Plastic jacket. 

5.  Pairs are cabled on common axis with No. 24 AWG, st randed (7x32) 

tinned copper drain wire. 

6.  Flame Resistance:  Comply with NFPA 262. 

2.10  RS-485 CABLE 

A.  Standard Cable:  NFPA 70, Type CM[ or CMG]. 

1.  Paired, 2 pairs, twisted, No. 22 AWG, stranded (7x3 0) tinned copper 

conductors. 

2.  PVC insulation. 

3.  Unshielded. 

4.  PVC jacket. 

5.  Flame Resistance:  Comply with UL 1581. 

B.  Plenum-Rated Cable:  NFPA 70, Type CMP. 

1.  Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned  copper 

conductors. 

2.  Fluorinated ethylene propylene insulation. 

3.  Unshielded. 

4.  Fluorinated ethylene propylene jacket. 

5.  Flame Resistance:  NFPA 262, Flame Test. 

2.11  LOW-VOLTAGE CONTROL CABLE 

A.  Paired Lock Cable:  NFPA 70, Type CMG. 

1.  1 pair, twisted, No. 16 AWG, stranded (19x29) tinne d copper 

conductors. 

2.  PVC insulation. 

3.  Unshielded. 

4.  PVC jacket. 

5.  Flame Resistance:  Comply with UL 1581. 

B.  Plenum-Rated, Paired Lock Cable:  NFPA 70, Type CMP . 

1.  1 pair, twisted, No. 16 AWG, stranded (19x29) tinne d copper 

conductors. 
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2.  PVC insulation. 

3.  Unshielded. 

4.  PVC jacket. 

5.  Flame Resistance:  Comply with NFPA 262. 

C.  Paired Lock Cable:  NFPA 70, Type CMG. 

1.  1 pair, twisted, No. 18 AWG, stranded (19x30) tinne d copper 

conductors. 

2.  PVC insulation. 

3.  Unshielded. 

4.  PVC jacket. 

5.  Flame Resistance:  Comply with UL 1581. 

D.  Plenum-Rated, Paired Lock Cable:  NFPA 70, Type CMP . 

1.  1 pair, twisted, No. 18 AWG, stranded (19x30) tinne d copper 

conductors. 

2.  Fluorinated ethylene propylene insulation. 

3.  Unshielded. 

4.  Plastic jacket. 

5.  Flame Resistance:  NFPA 262, Flame Test. 

2.12  CONTROL-CIRCUIT CONDUCTORS 

A.  Class 1 Control Circuits:  Stranded copper, Type TH HN-THWN, in raceway 

complying with UL 83. 

B.  Class 2 Control Circuits:  Stranded copper, power-l imited cable, 

concealed in building finishes complying with UL 83 . 

C.  Class 3 Remote-Control and Signal Circuits:  Strand ed copper, Type TW or 

TF, complying with UL 83. 

2.13  FIRE ALARM WIRE AND CABLE 

A.  General Wire and Cable Requirements:  NRTL listed a nd labeled as 

complying with NFPA 70, Article 760. 

B.  Signaling Line Circuits:  Twisted, shielded pair, n ot less than No. 18 

AWG. 

1.  Circuit Integrity Cable:  Twisted shielded pair, NF PA 70, Article 

760, Classification CI, for power-limited fire alar m signal service 

Type FPL.  NRTL listed and labeled as complying wit h UL 1424 and UL 

2196 for a 2-hour rating. 

C.  Non-Power-Limited Circuits:  Solid-copper conductor s with 600-V rated, 

75 deg C, color-coded insulation. 

1.  Low-Voltage Circuits:  No. 16 AWG, minimum. 

2.  Line-Voltage Circuits:  No. 12 AWG, minimum. 

3.  Not Used 
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2.14  IDENTIFICATION PRODUCTS 

A.  Comply with UL 969 for a system of labeling materia ls, including label 

stocks, laminating adhesives, and inks used by labe l printers. 

2.15  SOURCE QUALITY CONTROL 

A.  Testing Agency:  Engage a qualified testing agency to evaluate cables. 

B.  Factory test UTP and optical fiber cables on reels according to TIA/EIA-

568-B.1. 

C.  Factory test UTP cables according to TIA/EIA-568-B. 2. 

D.  Factory test multimode optical fiber cables accordi ng to TIA/EIA-526-14-

A and TIA/EIA-568-B.3. 

E.  Factory sweep test coaxial cables at frequencies fr om 5 MHz to 1 GHz.  

Sweep test shall test the frequency response, or at tenuation over 

frequency, of a cable by generating a voltage whose  frequency is varied 

through the specified frequency range and graphing the results. 

F.  Cable will be considered defective if it does not p ass tests and 

inspections. 

G.  Prepare test and inspection reports. 

2.16  WIRE LUBRICATING COMPOUND 

A.  Suitable for the wire insulation and conduit it is used with, and shall 

not harden or become adhesive. 

B.  Shall not be used on wire for isolated type electri cal power systems. 

2.17  FIREPROOFING TAPE 

A.  The tape shall consist of a flexible, conformable f abric of organic 

composition coated one side with flame-retardant el astomer. 

B.  The tape shall be self-extinguishing and shall not support combustion. 

It shall be arc-proof and fireproof. 

C.  The tape shall not deteriorate when subjected to wa ter, gases, salt 

water, sewage, or fungus and be resistant to sunlig ht and ultraviolet 

light. 

D.  The finished application shall withstand a 200-ampe re arc for not less 

than 30 seconds. 

E.  Securing tape: Glass cloth electrical tape not less  than 0.18 mm 

(7 mils) thick, and 19 mm (3/4 inch) wide. 

PART 3 -  EXECUTION  

3.1  INSTALLATION OF CONDUCTORS AND CABLES 

A.  Comply with NECA 1. 

B.  General Requirements for Cabling: 

1.  Comply with TIA/EIA-568-B.1. 

2.  Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices." 
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3.  Install 110-style IDC termination hardware unless o therwise 

indicated. 

4.  Terminate all conductors; no cable shall contain un -terminated 

elements.  Make terminations only at indicated outl ets, terminals, 

and cross-connect and patch panels. 

5.  Cables may not be spliced.  Secure and support cabl es at intervals 

not exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) 

from cabinets, boxes, fittings, outlets, racks, fra mes, and 

terminals. 

6.  Bundle, lace, and train conductors to terminal poin ts without 

exceeding manufacturer's limitations on bending rad ii, but not less 

than radii specified in BICSI ITSIM, "Cabling Termi nation Practices" 

Chapter.  Install lacing bars and distribution spoo ls. 

7.  Do not install bruised, kinked, scored, deformed, o r abraded cable.  

Do not splice cable between termination, tap, or ju nction points.  

Remove and discard cable if damaged during installa tion and replace 

it with new cable. 

8.  Cold-Weather Installation:  Bring cable to room tem perature before 

dereeling.  Heat lamps shall not be used for heatin g. 

9.  Pulling Cable:   

a.  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  M onitor cable 

pull tensions.  

b.  Provide installation equipment that will prevent th e cutting or 

abrasion of insulation during pulling of cables. 

c.  Use ropes made of nonmetallic material for pulling feeders. 

d.  Attach pulling lines for feeders by means of either  woven basket 

grips or pulling eyes attached directly to the cond uctors, as 

approved by the COR. 

e.  Pull in multiple cables together in a single condui t. 

C.  Splice cables and wires where necessary only in out let boxes, junction 

boxes, or pull boxes.  

1.  Splices and terminations shall be mechanically and electrically 

secure.  

2.  Where the Government determines that unsatisfactory  splices or 

terminations have been installed, remove the device s and install 

approved devices at no additional cost to the Gover nment. 

D.  Seal cable and wire entering a building from underg round, between the 

wire and conduit where the cable exits the conduit,  with a non-hardening 

approved compound. 
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E.  Unless otherwise specified in other sections instal l wiring and connect 

to equipment/devices to perform the required functi ons as shown and 

specified.  

F.  Except where otherwise required, install a separate  power supply circuit 

for each system so that malfunctions in any system will not affect other 

systems. 

G.  Where separate power supply circuits are not shown,  connect the systems 

to the nearest panel boards of suitable voltages, w hich are intended to 

supply such systems and have suitable spare circuit  breakers or space 

for installation. 

H.  Install a red warning indicator on the handle of th e branch circuit 

breaker for the power supply circuit for each syste m to prevent 

accidental de-energizing of the systems. 

I.  System voltages shall be 120 volts or lower where s hown on the drawings 

or as required by the NEC. 

J.  UTP Cable Installation: 

1.  Comply with TIA/EIA-568-B.2. 

2.  Do not untwist UTP cables more than 1/2 inch (12 mm ) from the point 

of termination to maintain cable geometry. 

K.  Not Used 

L.  Open-Cable Installation: 

1.  Install cabling with horizontal and vertical cable guides in 

telecommunications spaces with terminating hardware  and 

interconnection equipment. 

2.  Suspend copper cable not in a wireway or pathway a minimum of 8 

inches (200 mm) above ceilings by cable supports no t more than [60 

inches (1525 mm)] <Insert dimension> apart. 

3.  Cable shall not be run through structural members o r in contact with 

pipes, ducts, or other potentially damaging items. 

M.  Installation of Cable Routed Exposed under Raised F loors: 

1.  Install plenum-rated cable only. 

2.  Install cabling after the flooring system has been installed in 

raised floor areas. 

3.  Coil cable [72 inches (1830 mm)] <Insert size> long  shall be neatly 

coiled not less than [12 inches (300 mm)] <Insert s ize> in diameter 

below each feed point. 

N.  Not Used 

O.  Separation from EMI Sources: 

1.  Comply with BICSI TDMM and TIA/EIA-569-A recommenda tions for 

separating unshielded copper voice and data communi cation cable from 
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potential EMI sources, including electrical power l ines and 

equipment. 

2.  Separation between open communications cables or ca bles in 

nonmetallic raceways and unshielded power conductor s and electrical 

equipment shall be as follows: 

a.  Electrical Equipment Rating Less Than 2 kVA:  A min imum of 5 

inches (127 mm). 

b.  Electrical Equipment Rating between 2 and 5 kVA:  A  minimum of 12 

inches (300 mm). 

c.  Electrical Equipment Rating More Than 5 kVA:  A min imum of 24 

inches (600 mm). 

3.  Separation between communications cables in grounde d metallic 

raceways and unshielded power lines or electrical e quipment shall be 

as follows: 

a.  Electrical Equipment Rating Less Than 2 kVA:  A min imum of 2-1/2 

inches (64 mm). 

b.  Electrical Equipment Rating between 2 and 5 kVA:  A  minimum of 6 

inches (150 mm). 

c.  Electrical Equipment Rating More Than 5 kVA:  A min imum of 12 

inches (300 mm). 

4.  Separation between communications cables in grounde d metallic 

raceways and power lines and electrical equipment l ocated in grounded 

metallic conduits or enclosures shall be as follows : 

a.  Electrical Equipment Rating Less Than 2 kVA:  No re quirement. 

b.  Electrical Equipment Rating between 2 and 5 kVA:  A  minimum of 3 

inches (75 mm). 

c.  Electrical Equipment Rating More Than 5 kVA:  A min imum of 6 

inches (150 mm). 

5.  Separation between Cables and Electrical Motors and  Transformers, 5 

kVA or HP and Larger:  A minimum of 48 inches (1200  mm). 

6.  Separation between Cables and Fluorescent Fixtures:   A minimum of 5 

inches (127 mm). 

3.2  FIRE ALARM WIRING INSTALLATION 

A.  Comply with NECA 1 and NFPA 72. 

B.  Wiring Method:  Install wiring in metal raceway acc ording to Division 28 

Section CONDUITS AND BACKBOXES FOR ELECTRICAL SYSTE MS." 

1.  Install plenum cable in environmental air spaces, i ncluding plenum 

ceilings. 
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2.  Fire alarm circuits and equipment control wiring as sociated with the 

fire alarm system shall be installed in a dedicated  raceway system.  

This system shall not be used for any other wire or  cable. 

C.  Wiring Method: 

1.  Cables and raceways used for fire alarm circuits, a nd equipment 

control wiring associated with the fire alarm syste m, may not contain 

any other wire or cable. 

2.  Fire-Rated Cables:  Use of 2-hour, fire-rated fire alarm cables, NFPA 

70, Types MI and CI, is not permitted. 

3.  Signaling Line Circuits:  Power-limited fire alarm cables shall not 

be installed in the same cable or raceway as signal ing line circuits. 

D.  Wiring within Enclosures:  Separate power-limited a nd non-power-limited 

conductors as recommended by manufacturer.  Install  conductors parallel 

with or at right angles to sides and back of the en closure.  Bundle, 

lace, and train conductors to terminal points with no excess.  Connect 

conductors that are terminated, spliced, or interru pted in any enclosure 

associated with the fire alarm system to terminal b locks.  Mark each 

terminal according to the system's wiring diagrams.   Make all 

connections with approved crimp-on terminal spade l ugs, pressure-type 

terminal blocks, or plug connectors. 

E.  Cable Taps:  Use numbered terminal strips in juncti on, pull, and outlet 

boxes, cabinets, or equipment enclosures where circ uit connections are 

made. 

F.  Color-Coding:  Color-code fire alarm conductors dif ferently from the 

normal building power wiring.  Use one color-code f or alarm circuit 

wiring and another for supervisory circuits.  Color -code audible alarm-

indicating circuits differently from alarm-initiati ng circuits.  Use 

different colors for visible alarm-indicating devic es.  Paint fire alarm 

system junction boxes and covers red. 

G.  Risers:  Install at least two vertical cable risers  to serve the fire 

alarm system.  Separate risers in close proximity t o each other with a 

minimum one-hour-rated wall, so the loss of one ris er does not prevent 

the receipt or transmission of signals from other f loors or zones. 

H.  Wiring to Remote Alarm Transmitting Device:  1-inch  (25-mm) conduit 

between the fire alarm control panel and the transm itter.  Install 

number of conductors and electrical supervision for  connecting wiring as 

needed to suit monitoring function. 

3.3  CONTROL CIRCUIT CONDUCTORS 

A.  Minimum Conductor Sizes: 

1.  Class 1 remote-control and signal circuits, No. 14 AWG. 
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2.  Class 2 low-energy, remote-control and signal circu its, No. 16 AWG. 

3.  Class 3 low-energy, remote-control, alarm and signa l circuits, No. 12 

AWG. 

3.4  CONNECTIONS 

A.  Comply with requirements in Division 28 Section, PH YSICAL ACCESS CONTROL 

for connecting, terminating, and identifying wires and cables. 

B.  Not Used 

C.  Not Used 

D.  Not Used 

E.  Comply with requirements in Division 28 Section "FI RE DETECTION AND 

ALARM" for connecting, terminating, and identifying  wires and cables. 

3.5  FIRESTOPPING 

A.  Comply with requirements in Division 07 Section "PE NETRATION 

FIRESTOPPING." 

B.  Comply with TIA/EIA-569-A, "Firestopping" Annex A. 

C.  Comply with BICSI TDMM, "Firestopping Systems" Arti cle. 

3.6  GROUNDING 

A.  For communications wiring, comply with ANSI-J-STD-6 07-A and with BICSI 

TDMM, "Grounding, Bonding, and Electrical Protectio n" Chapter. 

B.  For low-voltage wiring and cabling, comply with req uirements in Division 

28 Section "GROUNDING AND BONDING FOR ELECTRONIC SA FETY AND SECURITY." 

3.7  IDENTIFICATION 

A.  Identify system components, wiring, and cabling com plying with TIA/EIA-

606-A.   

B.  Install a permanent wire marker on each wire at eac h termination. 

C.  Identifying numbers and letters on the wire markers  shall correspond to 

those on the wiring diagrams used for installing th e systems. 

D.  Wire markers shall retain their markings after clea ning. 

E.  In each handhole, install embossed brass tags to id entify the system 

served and function. 

3.8  FIELD QUALITY CONTROL 

A.  Testing Agency:  Engage a qualified testing agency to perform tests and 

inspections. 

B.  Perform tests and inspections. 

C.  Tests and Inspections: 

1.  Visually inspect UTP and optical fiber cable jacket  materials for UL 

or third-party certification markings.  Inspect cab ling terminations 

to confirm color-coding for pin assignments and ins pect cabling 

connections to confirm compliance with TIA/EIA-568- B.1. 



10-01-18 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

28 05 13 - 13 

2.  Visually inspect cable placement, cable termination , grounding and 

bonding, equipment and patch cords, and labeling of  all components. 

3.  Test UTP cabling for DC loop resistance, shorts, op ens, intermittent 

faults, and polarity between conductors.  Test oper ation of shorting 

bars in connection blocks.  Test cables after termi nation but not 

cross connection. 

a.  Test instruments shall meet or exceed applicable re quirements in 

TIA/EIA-568-B.2.  Perform tests with a tester that complies with 

performance requirements in "Test Instruments (Norm ative)" Annex, 

complying with measurement accuracy specified in "M easurement 

Accuracy (Informative)" Annex.  Use only test cords  and adapters 

that are qualified by test equipment manufacturer f or channel or 

link test configuration. 

4.  Not Used 

5.  Not Used 

D.  Document data for each measurement.  Print data for  submittals in a 

summary report that is formatted using Table 10.1 i n BICSI TDMM as a 

guide or transfer the data from the instrument to t he computer, save as 

text files, print, and submit. 

E.  End-to-end cabling will be considered defective if it does not pass 

tests and inspections. 

F.  Prepare test and inspection reports. 

3.9  EXISITNG WIRING 

A.  Unless specifically indicated on the plans, existin g wiring shall not be 

reused for the new installation. Only wiring that c onforms to the 

specifications and applicable codes may be reused. If existing wiring 

does not meet these requirements, existing wiring m ay not be reused and 

new wires shall be installed. 

- - - E N D - - - 
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SECTION 28 05 26 
GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 -  GENERAL 

1.1  DESCRIPTION  

A.  This section specifies the finishing, installation,  connection, testing 

and certification of the grounding and bonding requ ired for a fully 

functional Electronic Safety and Security (ESS) sys tem.  

B.  “Grounding electrode system” refers to all electrod es required by NEC, 

as well as including made, supplementary, grounding  electrodes. 

C.  The terms “connect” and “bond” are used interchange ably in this 

specification and have the same meaning 

1.2  RELATED WORK  

A.  Section 01 00 00 - GENERAL REQUIREMENTS. For Genera l Requirements. 

B.  Not Used   

C.  Section 28 05 00 - REQUIREMENTS FOR ELECTRONIC SAFE TY AND SECURITY 

INSTALLATIONS. For general electrical requirements,  quality assurance, 

coordination, and project conditions that are commo n to more than one 

section in Division 28.    

D.  Section 28 05 13 - CONDUCTORS AND CABLES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for low voltage power and li ghting wiring.   

E.  Not Used   

1.3  SUBMITTALS 

A.  Submit in accordance with Section 28 05 00, COMMON WORK RESULTS FOR 

ELECTRONIC SAFETY AND SECURITY.  

B.  Shop Drawings:  

1.  Clearly present enough information to determine com pliance with 

drawings and specifications. 

2.  Include the location of system grounding electrode connections and 

the routing of aboveground and underground groundin g electrode 

conductors.  

C.  Test Reports: Provide certified test reports of gro und resistance.  

D.  Certifications: Two weeks prior to final inspection , submit four copies 

of the following to the COTR: 

1.  Certification that the materials and installation a re in accordance 

with the drawings and specifications. 

2.  Certification by the contractor that the complete i nstallation has 

been properly installed and tested.  
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1.4  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B.  American Society for Testing and Materials (ASTM): 

B1-07...................Standard Specification for Hard-Drawn Copper 

Wire 

B3-07...................Standard Specification for Soft or Annealed 

Copper Wire 

B8-04...................Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

C.  Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

81-1983.................IEEE Guide for Measuring Ea rth Resistivity, 

Ground Impedance, and Earth Surface Potentials 

of a Ground System 

C2-07...................National Electrical Safety Code 

D.  National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC)  

99-2005.................Health Care Facilities 

E.  Underwriters Laboratories, Inc. (UL):  

44-05 ..................Thermoset-Insulated Wires a nd Cables 

83-08 ..................Thermoplastic-Insulated Wir es and Cables 

467-07 .................Grounding and Bonding Equip ment  

486A-486B-03 ...........Wire Connectors  

PART 2 -  PRODUCTS  

2.1  GROUNDING AND BONDING CONDUCTORS  

A.  Equipment grounding conductors shall be UL 83 insul ated stranded 

copper, except that sizes 6 mm² (10 AWG) and smalle r shall be solid 

copper. Insulation color shall be continuous green for all equipment 

grounding conductors, except that wire sizes 25 mm²  (4 AWG) and larger 

shall be permitted to be identified per NEC. 

B.  Bonding conductors shall be ASTM B8 bare stranded c opper, except that 

sizes 6 mm² (10 AWG) and smaller shall be ASTM B1 s olid bare copper 

wire.  
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2.2  GROUND RODS 

A.  Copper clad steel, 19 mm (3/4-inch) diameter by 300 0 mm (10 feet) long, 

conforming to UL 467. 

B.  Quantity of rods shall be as required to obtain the  specified ground 

resistance.  

2.3  SPLICES AND TERMINATION COMPONENTS 

A.  Components shall meet or exceed UL 467 and be clear ly marked with the 

manufacturer, catalog number, and permitted conduct or size(s).2.4 

ground connections 

B.  Listed and labeled by an NRTL acceptable to authori ties having 

jurisdiction for applications in which used and for  specific types, 

sizes, and combinations of conductors and other ite ms connected.  

C.  Below Grade: Exothermic-welded type connectors.  

D.  Above Grade: 

1.  Bonding Jumpers: Compression-type connectors, using  zinc-plated 

fasteners and external tooth lockwashers. 

2.  Connection to Building Steel: Exothermic-welded typ e connectors. 

3.  Ground Busbars: Two-hole compression type lugs, usi ng tin-plated 

copper or copper alloy bolts and nuts. 

4.  Rack and Cabinet Ground Bars: One-hole compression- type lugs, using 

zinc-plated or copper alloy fasteners. 

5.  Bolted Connectors for Conductors and Pipes:  Copper  or copper alloy, 

pressure type with at least two bolts. 

E.  Pipe Connectors:  Clamp type, sized for pipe. 

1.  Welded Connectors:  Exothermic-welding kits of type s recommended by 

kit manufacturer for materials being joined and ins tallation 

conditions. 

2.4  EQUIPMENT RACK AND CABINET GROUND BARS 

A.  Provide solid copper ground bars designed for mount ing on the framework 

of open or cabinet-enclosed equipment racks with mi nimum dimensions of 

4 mm thick by 19 mm wide (3/8 inch x ¾ inch). 

2.5  GROUND TERMINAL BLOCKS 

A.  At any equipment mounting location (e.g., backboard s and hinged cover 

enclosures) where rack-type ground bars cannot be m ounted, provide 

screw lug-type terminal blocks. 
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2.6  SPLICE CASE GROUND ACCESSORIES 

A.  Splice case grounding and bonding accessories shall  be supplied by the 

splice case manufacturer when available. Otherwise,  use 16 mm² (6 AWG) 

insulated ground wire with shield bonding connector s. 

2.7  COMPUTER ROOM GROUND – NOT USED 

2.8  SECURITY CONTROL ROOM GROUND – NOT USED 

PART 3 -  EXECUTION  

3.1  GENERAL  

A.  Ground in accordance with the NEC, as shown on draw ings, and as 

specified herein.  

B.  System Grounding:  

1.  Secondary service neutrals: Ground at the supply si de of the 

secondary disconnecting means and at the related tr ansformers.  

2.  Separately derived systems (transformers downstream  from the service 

entrance): Ground the secondary neutral.  

C.  Equipment Grounding: Metallic structures, including  ductwork and 

building steel, enclosures, raceways, junction boxe s, outlet boxes, 

cabinets, machine frames, and other conductive item s in close proximity 

with electrical circuits, shall be bonded and groun ded.  

3.2  INACCESSIBLE GROUNDING CONNECTIONS 

A.  Make grounding connections, which are buried or oth erwise normally 

inaccessible (except connections for which periodic  testing access is 

required) by exothermic weld. 

3.3  CORROSION INHIBITORS 

A.  When making ground and ground bonding connections, apply a corrosion 

inhibitor to all contact surfaces.  Use corrosion i nhibitor appropriate 

for protecting a connection between the metals used . 

3.4  CONDUCTIVE PIPING  

A.  Bond all conductive piping systems, interior and ex terior, to the 

building to the grounding electrode system. Bonding  connections shall 

be made as close as practical to the equipment grou nd bus.  

3.5  COMPUTER ROOM/SECURITY EQUIPMENT ROOM GROUNDING – NOT USED 

3.6  WIREWAY GROUNDING 

A.  Ground and Bond Metallic Wireway Systems as follows : 

1.  Bond the metallic structures of wireway to provide 100 percent 

electrical continuity throughout the wireway system  by connecting a 
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16 mm² (6 AWG) bonding jumper at all intermediate m etallic 

enclosures and across all section junctions. 

2.  Install insulated 16 mm² (6 AWG) bonding jumpers be tween the wireway 

system bonded as required in paragraph 1 above, and  the closest 

building ground at each end and approximately every  16 meters (50 

feet). 

3.  Use insulated 16 mm² (6 AWG) bonding jumpers to gro und or bond 

metallic wireway at each end at all intermediate me tallic enclosures 

and cross all section junctions. 

4.  Use insulated 16 mm² (6 AWG) bonding jumpers to gro und cable tray to 

column-mounted building ground plates (pads) at eac h end and 

approximately every 15 meters. 

3.7  LIGHTNING PROTECTION SYSTEM – NOT USED 

3.8  EXTERIOR LIGHT/camera POLES – NOT USED 

3.9  GROUND RESISTANCE  

A.  Grounding system resistance to ground shall not exc eed 5 ohms. Make any 

modifications or additions to the grounding electro de system necessary 

for compliance without additional cost to the Gover nment. Final tests 

shall ensure that this requirement is met. 

B.  Resistance of the grounding electrode system shall be measured using a 

four-terminal fall-of-potential method as defined i n IEEE 81. Ground 

resistance measurements shall be made before the el ectrical 

distribution system is energized and shall be made in normally dry 

conditions not fewer than 48 hours after the last r ainfall. Resistance 

measurements of separate grounding electrode system s shall be made 

before the systems are bonded together below grade.  The combined 

resistance of separate systems may be used to meet the required 

resistance, but the specified number of electrodes must still be 

provided. 

C.  Services at power company interface points shall co mply with the power 

company ground resistance requirements.  

D.  Below-grade connections shall be visually inspected  by the COTR prior 

to backfilling. The contractor shall notify the COT R 24 hours before 

the connections are ready for inspection. 

3.10  GROUND ROD INSTALLATION  

A.  Drive each rod vertically in the earth, not less th an 3000 mm (10 feet) 

in depth. 
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B.  Where permanently concealed ground connections are required, make the 

connections by the exothermic process to form solid  metal joints. Make 

accessible ground connections with mechanical press ure type ground 

connectors.  

C.  Where rock prevents the driving of vertical ground rods, install angled 

ground rods or grounding electrodes in horizontal t renches to achieve 

the specified resistance.  

3.11  GROUNDING FOR RF/EMI CONTROL – NOT USED 

3.12  LABELING 

A.  Comply with requirements in Division 26 Section "EL ECTRICAL 

IDENTIFICATION" Article for instruction signs.  The  label or its text 

shall be green. 

B.  Install labels at the telecommunications bonding co nductor and 

grounding equalizer and at the grounding electrode conductor where 

exposed. 

1.  Label Text:  "If this connector or cable is loose o r if it must be 

removed for any reason, notify the facility manager ."  

3.13  FIELD QUALITY CONTROL 

A.  Perform tests and inspections. 

B.  Tests and Inspections: 

1.  After installing grounding system but before perman ent electrical 

circuits have been energized, test for compliance w ith requirements. 

2.  Inspect physical and mechanical condition.  Verify tightness of 

accessible, bolted, electrical connections with a c alibrated torque 

wrench according to manufacturer's written instruct ions. 

3.  Test completed grounding system at each location wh ere a maximum 

ground-resistance level is specified, at service di sconnect 

enclosure grounding terminal at individual ground r ods.  Make tests 

at ground rods before any conductors are connected.  

a.  Measure ground resistance no fewer than two full da ys after last 

trace of precipitation and without soil being moist ened by any 

means other than natural drainage or seepage and wi thout chemical 

treatment or other artificial means of reducing nat ural ground 

resistance. 

b.  Perform tests by fall-of-potential method according  to IEEE 81. 

C.  Grounding system will be considered defective if it  does not pass tests 

and inspections. 
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D.  Prepare test and inspection reports. 

E.  Not Used 

F.  Excessive Ground Resistance:  If resistance to grou nd exceeds specified 

values, notify Architect promptly and include recom mendations to reduce 

ground resistance. 

- - - E N D - - - 
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SECTION 28 05 28.33 
CONDUITS AND BACKBOXES FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 -  GENERAL 

1.1  DESCRIPTION  

A.  This section specifies the finishing, installation,  connection, testing 

certification of the conduit, fittings, and boxes t o form a complete, 

coordinated, raceway system(s).  Conduits and when approved separate UL 

Certified and Listed partitioned telecommunications  raceways are 

required for a fully functional Electronic Safety a nd Security (ESS) 

system. Raceways are required for all electronic sa fety and security 

cabling unless shown or specified otherwise. 

B.  Definitions: The term conduit, as used in this spec ification, shall mean 

any or all of the raceway types specified. 

1.2  RELATED WORK 

A.  Section 01 00 00 - GENERAL REQUIREMENTS. For Genera l Requirements.   

B.  Not Used   

C.  Section 07 84 00 - FIRESTOPPING. Requirements for s ealing around 

penetrations to maintain the integrity of fire rate d construction.   

D.  Section 07 60 00 - FLASHING AND SHEET METAL. Requir ements for 

fabrications for the deflection of water away from the building envelope 

at penetrations.   

E.  Section 07 92 00 - JOINT SEALANTS. Requirements for  sealing around 

conduit penetrations through the building envelope to prevent moisture 

migration into the building.   

F.  Section 09 91 00 - PAINTING. Requirements for ident ification and 

painting of conduit and other devices.   

G.  Section 28 05 00 - COMMON WORK RESULTS FOR ELECTRON IC SAFETY AND 

SECURITY.  For general electrical requirements, gen eral arrangement of 

the contract documents, coordination, quality assur ance, project 

conditions, equipment and materials, and items that  is common to more 

than one section of Division 28.   

H.  Section 28 05 26 - GROUNDING AND BONDING FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for personnel safety and to provide a low 

impedance path for possible ground fault currents.   

I.  Not Used  

J.  Not Used 

1.3  DEFINITIONS 

A.  EMT: Electrical metallic tubing. 

B.  ENT: Electrical nonmetallic tubing. 
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C.  EPDM: Ethylene-propylene-diene terpolymer rubber. 

D.  FMC: Flexible metal conduit. 

E.  IMC: Intermediate metal conduit. 

F.  LFMC: Liquidtight flexible metal conduit. 

G.  LFNC: Liquidtight flexible nonmetallic conduit. 

H.  NBR: Acrylonitrile-butadiene rubber. 

I.  RNC: Rigid nonmetallic conduit. 

1.4  QUALITY ASSURANCE 

Refer to Paragraph 1.4 Quality Assurance, in Sectio n 28 05 00, COMMON 

WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY. 

1.5  SUBMITTALS 

A.  Submit in accordance with Section 28 05 00, COMMON WORK RESULTS FOR 

ELECTRONIC SAFETY AND SECURITY and Section 01 33 23 , SHOP DRAWINGS, 

PRODUCT DATA, AND SAMPLES. Furnish the following: 

B.  Shop Drawings: 

1.  Not Used  

2.  Size and location of panels and pull boxes 

3.  Layout of required conduit penetrations through str uctural elements. 

4.  The specific item proposed and its area of applicat ion shall be 

identified on the catalog cuts.  

C.  Certification: Prior to final inspection, deliver t o the COR four copies 

of the certification that the material is in accord ance with the 

drawings and specifications and has been properly i nstalled. 

D.  Not Used 

E.  Product Data:  For surface raceways, wireways and f ittings, floor boxes, 

hinged-cover enclosures, and cabinets. 

F.  Not Used 

G.  Not Used 

H.  Not Used 

I.  Not Used 

1.6  APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are referenced in the text  by the basic 

designation only. 

B.  National Electrical Manufacturers Association (NEMA ): 

TC-3-04.................PVC Fittings for Use with R igid PVC Conduit and 

Tubing 
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FB1-07..................Fittings, Cast Metal Boxes and Conduit Bodies 

for Conduit, Electrical Metallic Tubing and 

Cable 

C.  National Fire Protection Association (NFPA): 

70-11...................National Electrical Code (N EC) 

D.  Underwriters Laboratories, Inc. (UL): 

1-05....................Flexible Metal Conduit  

5-04....................Surface Metal Raceway and F ittings 

6-07....................Rigid Metal Conduit 

50-07...................Enclosures for Electrical E quipment 

360-09..................Liquid-Tight Flexible Steel  Conduit 

467-07..................Grounding and Bonding Equip ment 

514A-04.................Metallic Outlet Boxes 

514B-04.................Fittings for Cable and Cond uit 

514C-02.................Nonmetallic Outlet Boxes, F lush-Device Boxes and 

Covers  

651-05..................Schedule 40 and 80 Rigid PV C Conduit 

651A-07.................Type EB and A Rigid PVC Con duit and HDPE Conduit 

797-07..................Electrical Metallic Tubing 

1242-06.................Intermediate Metal Conduit 

PART 2 -  PRODUCTS 

2.1  GENERAL 

A.  Conduit Size: In accordance with the NEC, but not l ess than 20 mm (3/4 

inch) unless otherwise shown.  

2.2  CONDUIT  

A.  Rigid galvanized steel: Shall Conform to UL 6, ANSI  C80.1. 

B.  Rigid aluminum: Shall Conform to UL 6A, ANSI C80.5.   

C.  Rigid intermediate steel conduit (IMC): Shall Confo rm to UL 1242, ANSI 

C80.6. 

D.  Electrical metallic tubing (EMT): Shall Conform to UL 797, ANSI C80.3. 

Maximum size not to exceed 105 mm (4 inches) and sh all be permitted only 

with cable rated 600 volts or less. 

E.  Flexible galvanized steel conduit: Shall Conform to  UL 1. 

F.  Liquid-tight flexible metal conduit: Shall Conform to UL 360. 

G.  Direct burial plastic conduit: Shall conform to UL 651 and UL 651A, 

heavy wall PVC or high density polyethylene (PE). 

2.3  WIREWAYS AND RACEWAYS 

Surface metal raceway: Shall Conform to UL 5. 
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2.4  CONDUIT FITTINGS  

A.  Rigid steel and IMC conduit fittings:  

1.  Fittings shall meet the requirements of UL 514B and  ANSI/ NEMA FB1. 

2.  Standard threaded couplings, locknuts, bushings, an d elbows: Only 

steel or malleable iron materials are acceptable. I ntegral 

retractable type IMC couplings are also acceptable.  

3.  Locknuts: Bonding type with sharp edges for digging  into the metal 

wall of an enclosure. 

4.  Bushings: Metallic insulating type, consisting of a n insulating 

insert molded or locked into the metallic body of t he fitting. 

Bushings made entirely of metal or nonmetallic mate rial are not 

permitted. 

5.  Erickson (union-type) and set screw type couplings:  Approved for use 

in concrete are permitted for use to complete a con duit run where 

conduit is installed in concrete. Use set screws of  case hardened 

steel with hex head and cup point to firmly seat in  conduit wall for 

positive ground. Tightening of set screws with plie rs is prohibited. 

6.  Sealing fittings: Threaded cast iron type. Use cont inuous drain type 

sealing fittings to prevent passage of water vapor.  In concealed 

work, install fittings in flush steel boxes with bl ank cover plates 

having the same finishes as that of other electrica l plates in the 

room. 

B.  Rigid aluminum conduit fittings: 

1.  Standard threaded couplings, locknuts, bushings, an d elbows: 

Malleable iron, steel or aluminum alloy materials; Zinc or cadmium 

plate iron or steel fittings. Aluminum fittings con taining more than 

0.4 percent copper are prohibited. 

2.  Locknuts and bushings: As specified for rigid steel  and IMC conduit. 

3.  Set screw fittings: Not permitted for use with alum inum conduit. 

C.  Electrical metallic tubing fittings:  

1.  Fittings shall meet the requirements of UL 514B and  ANSI/ NEMA FB1. 

2.  Only steel or malleable iron materials are acceptab le. 

3.  Couplings and connectors: Concrete tight and rain t ight, with 

connectors having insulated throats. Use gland and ring compression 

type couplings and connectors for conduit sizes 50 mm (2 inches) and 

smaller. Use set screw type couplings with four set  screws each for 

conduit sizes over 50 mm (2 inches). Use set screws  of case-hardened 

steel with hex head and cup point to firmly seat in  wall of conduit 

for positive grounding. 

4.  Indent type connectors or couplings are prohibited.  
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5.  Die-cast or pressure-cast zinc-alloy fittings or fi ttings made of 

"pot metal" are prohibited. 

D.  Flexible steel conduit fittings: 

1.  Conform to UL 514B. Only steel or malleable iron ma terials are 

acceptable. 

2.  Clamp type, with insulated throat. 

E.  Liquid-tight flexible metal conduit fittings: 

1.  Fittings shall meet the requirements of UL 514B and  ANSI/ NEMA FB1. 

2.  Only steel or malleable iron materials are acceptab le. 

3.  Fittings must incorporate a threaded grounding cone , a steel or 

plastic compression ring, and a gland for tightenin g. Connectors 

shall have insulated throats. 

F.  Direct burial plastic conduit fittings:  

1.  Fittings shall meet the requirements of UL 514C and  NEMA TC3. 

2.  As recommended by the conduit manufacturer. 

G.  Surface metal raceway fittings: As recommended by t he raceway 

manufacturer. 

H.  Expansion and deflection couplings: 

1.  Conform to UL 467 and UL 514B. 

2.  Accommodate, 19 mm (0.75 inch) deflection, expansio n, or contraction 

in any direction, and allow 30 degree angular defle ctions. 

3.  Include internal flexible metal braid sized to guar antee conduit 

ground continuity and fault currents in accordance with UL 467, and 

the NEC code tables for ground conductors. 

4.  Jacket: Flexible, corrosion-resistant, watertight, moisture and heat 

resistant molded rubber material with stainless ste el jacket clamps. 

2.5  CONDUIT SUPPORTS 

A.  Parts and hardware: Zinc-coat or provide equivalent  corrosion 

protection. 

B.  Individual Conduit Hangers: Designed for the purpos e, having a 

pre-assembled closure bolt and nut, and provisions for receiving a 

hanger rod. 

C.  Multiple conduit (trapeze) hangers: Not less than 3 8 mm by 38 mm (1-1/2 

by 1-1/2 inch), 12 gage steel, cold formed, lipped channels; with not 

less than 9 mm (3/8 inch) diameter steel hanger rod s. 

D.  Solid Masonry and Concrete Anchors: Self-drilling e xpansion shields, or 

machine bolt expansion. 

2.6  OUTLET, JUNCTION, AND PULL BOXES 

A.  UL-50 and UL-514A. 
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B.  Cast metal where required by the NEC or shown and e quipped with 

rustproof boxes. 

C.  Nonmetallic Outlet and Device Boxes:  NEMA OS 2. 

D.  Metal Floor Boxes:  Cast or sheet metal, semi-adjus table, rectangular. 

E.  Sheet metal boxes: Galvanized steel, except where o therwise shown. 

F.  Flush mounted wall or ceiling boxes shall be instal led with raised 

covers so that front face of raised cover is flush with the wall. 

Surface mounted wall or ceiling boxes shall be inst alled with surface 

style flat or raised covers. 

2.7  CABINETS – NOT USED 

2.8  WIREWAYS  

A.  Equip with hinged covers, except where removable co vers are shown. 

2.9  WARNING TAPE 

A.  Standard, 4-Mil polyethylene 76 mm (3 inches) wide tape non-detectable 

type, red with black letters, and imprinted with “C AUTION BURIED 

ELECTRONIC SAFETY AND SECURITY CABLE BELOW”. 

2.10  HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING – NOT USED 

2.11  SLEEVES FOR RACEWAYS 

A.  Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade  B, Schedule 40, 

galvanized steel, plain ends. 

B.  Cast-Iron Pipe Sleeves: Cast or fabricated "wall pi pe," equivalent to 

ductile-iron pressure pipe, with plain ends and int egral waterstop, 

unless otherwise indicated. 

C.  Sleeves for Rectangular Openings:  Galvanized sheet  steel with minimum 

0.052- or 0.138-inch (1.3- or 3.5-mm) thickness as indicated and of 

length to suit application. 

D.  Coordinate sleeve selection and application with se lection and 

application of firestopping specified in Division 0 7 84 00 

"FIRESTOPPING." 

2.12  SLEEVE SEALS – NOT USED 

2.13  GROUT 

A.  Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 110 7, factory-packaged, 

nonmetallic aggregate grout, noncorrosive, nonstain ing, mixed with water 

to consistency suitable for application and a 30-mi nute working time.  

PART 3 -  EXECUTION 

3.1  PENETRATIONS 

A.  Cutting or Holes: 
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1.  Locate holes in advance where they are proposed in the structural 

sections such as ribs or beams. Obtain the approval  of the COR prior 

to drilling through structural sections. 

2.  Cut holes through concrete and masonry in new and e xisting structures 

with a diamond core drill or concrete saw. Pneumati c hammer, impact 

electric, hand or manual hammer type drills are not  allowed, except 

where permitted by the COR as required by limited w orking space. 

B.  Fire Stop: Where conduits, wireways, and other elec tronic safety and 

security raceways pass through fire partitions, fir e walls, smoke 

partitions, or floors, install a fire stop that pro vides an effective 

barrier against the spread of fire, smoke and gases  as specified in 

Section 07 84 00, FIRESTOPPING, with rock wool fibe r or silicone foam 

sealant only. Completely fill and seal clearances b etween raceways and 

openings with the fire stop material. 

C.  Waterproofing: At floor, exterior wall, and roof co nduit penetrations, 

completely seal clearances around the conduit and m ake watertight as 

specified in Section 07 92 00, “JOINT SEALANTS”. 

3.2  INSTALLATION, GENERAL 

A.  Install conduit as follows: 

1.  In complete runs before pulling in cables or wires.  

2.  Flattened, dented, or deformed conduit is not permi tted. Remove and 

replace the damaged conduits with new undamaged mat erial. 

3.  Assure conduit installation does not encroach into the ceiling height 

head room, walkways, or doorways. 

4.  Cut square with a hacksaw, ream, remove burrs, and draw up tight. 

5.  Mechanically continuous. 

6.  Independently support conduit at 2.4 m (8 foot) on center. Do not use 

other supports i.e., (suspended ceilings, suspended  ceiling 

supporting members, lighting fixtures, conduits, me chanical piping, 

or mechanical ducts). 

7.  Support within 300 mm (12 inches) of changes of dir ection, and within 

300 mm (12 inches) of each enclosure to which conne cted. 

8.  Close ends of empty conduit with plugs or caps at t he rough-in stage 

to prevent entry of debris, until wires are pulled in. 

9.  Conduit installations under fume and vent hoods are  prohibited. 

10.Secure conduits to cabinets, junction boxes, pul l boxes and outlet 

boxes with bonding type locknuts. For rigid and IMC  conduit 

installations, provide a locknut on the inside of t he enclosure, made 

up wrench tight. Do not make conduit connections to  junction box 

covers. 
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11.Flashing of penetrations of the roof membrane is  specified in Section 

07 60 00, “FLASHING AND SHEET METAL”. 

12.Do not use aluminum conduits in wet locations. 

13.Unless otherwise indicated on the drawings or sp ecified herein, all 

conduits shall be installed concealed within finish ed walls, floors 

and ceilings.  

B.  Conduit Bends: 

1.  Make bends with standard conduit bending machines. 

2.  Conduit hickey may be used for slight offsets, and for straightening 

stubbed out conduits. 

3.  Bending of conduits with a pipe tee or vise is proh ibited. 

C.  Layout and Homeruns: 

1.  Install conduit with wiring, including homeruns, as  shown. 

2.  Deviations: Make only where necessary to avoid inte rferences and only 

after drawings showing the proposed deviations have  been submitted 

approved by the COR. 

D.  Fire Alarm: 

1.  Fire alarm conduit shall be painted red (a red “top -coated” conduit 

from the conduit manufacturer may be used in lieu o f painted conduit) 

in accordance with the requirements of Section 28 3 1 00, “FIRE 

DETECTION AND ALARM”.  

3.3  CONCEALED WORK INSTALLATION  

A.  In Concrete: 

1.  Conduit: Rigid steel, IMC or EMT. Do not install EM T in concrete 

slabs that are in contact with soil, gravel or vapo r barriers. 

2.  Align and run conduit in direct lines. 

3.  Install conduit through concrete beams only when th e following 

occurs: 

a.  Where shown on the structural drawings. 

b.  As approved by the COR prior to construction, and a fter submittal 

of drawing showing location, size, and position of each 

penetration. 

4.  Installation of conduit in concrete that is less th an 75 mm (3 inch) 

thick is prohibited. 

a.  Conduit outside diameter larger than 1/3 of the sla b thickness is 

prohibited. 

b.  Space between conduits in slabs: Approximately six conduit 

diameters apart, except one conduit diameter at con duit crossings.  
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c.  Install conduits approximately in the center of the  slab so that 

there will be a minimum of 19 mm (3/4 inch) of conc rete around the 

conduits. 

5.  Make couplings and connections watertight. Use thre ad compounds that 

are UL approved conductive type to insure low resis tance ground 

continuity through the conduits. Tightening set scr ews with pliers is 

prohibited. 

B.  Furred or Suspended Ceilings and in Walls: 

1.  Conduit for conductors above 600 volts: 

a.  Rigid steel or rigid aluminum. 

b.  Aluminum conduit mixed indiscriminately with other types in the 

same system is prohibited. 

2.  Conduit for conductors 600 volts and below: 

a.  Rigid steel, IMC, rigid aluminum, or EMT. Different  type conduits 

mixed indiscriminately in the same system is prohib ited. 

3.  Align and run conduit parallel or perpendicular to the building 

lines. 

4.  Connect recessed lighting fixtures to conduit runs with maximum 1800 

mm (6 feet) of flexible metal conduit extending fro m a junction box 

to the fixture. 

5.  Tightening set screws with pliers is prohibited. 

3.4  EXPOSED WORK INSTALLATION 

A.  Unless otherwise indicated on the drawings, exposed  conduit is only 

permitted in mechanical and electrical rooms. 

B.  Conduit for Conductors 600 volts and below: 

1.  Rigid steel, IMC, rigid aluminum, or EMT. Different  type of conduits 

mixed indiscriminately in the system is prohibited.  

C.  Align and run conduit parallel or perpendicular to the building lines. 

D.  Install horizontal runs close to the ceiling or bea ms and secure with 

conduit straps. 

E.  Support horizontal or vertical runs at not over 240 0 mm (eight foot) 

intervals. 

F.  Surface metal raceways: Use only where shown. 

G.  Painting: 

1.  Paint exposed conduit as specified in Section09 91 00, “PAINTING”. 

2.  Paint all conduits containing cables rated over 600  volts safety 

orange. Refer to Section 09 91 00, “PAINTING” for p reparation, paint 

type, and exact color. In addition, paint legends, using 50 mm (two 

inch) high black numerals and letters, showing the cable voltage 
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rating. Provide legends where conduits pass through  walls and floors 

and at maximum 6000 mm (20 foot) intervals in betwe en. 

3.5  EXPANSION JOINTS 

A.  Conduits 75 mm (3 inches) and larger, that are secu red to the building 

structure on opposite sides of a building expansion  joint, require 

expansion and deflection couplings. Install the cou plings in accordance 

with the manufacturer's recommendations. 

B.  Provide conduits smaller than 75 mm (3 inches) with  junction boxes on 

both sides of the expansion joint. Connect conduits  to junction boxes 

with sufficient slack of flexible conduit to produc e 125 mm (5 inch) 

vertical drop midway between the ends. Flexible con duit shall have a 

copper green ground bonding jumper installed. In li eu of this flexible 

conduit, expansion and deflection couplings as spec ified above for 375 

mm (15 inches) and larger conduits are acceptable. 

C.  Install expansion and deflection couplings where sh own. 

D.  Not Used 

3.6  CONDUIT SUPPORTS, INSTALLATION  

A.  Safe working load shall not exceed 1/4 of proof tes t load of fastening 

devices. 

B.  Use pipe straps or individual conduit hangers for s upporting individual 

conduits. Maximum distance between supports is 2.5 m (8 foot) on center. 

C.  Support multiple conduit runs with trapeze hangers.  Use trapeze hangers 

that are designed to support a load equal to or gre ater than the sum of 

the weights of the conduits, wires, hanger itself, and 90 kg (200 

pounds). Attach each conduit with U-bolts or other approved fasteners. 

D.  Support conduit independently of junction boxes, pu ll boxes, fixtures, 

suspended ceiling T-bars, angle supports, and simil ar items. 

E.  Fasteners and Supports in Solid Masonry and Concret e: 

1.  New Construction: Use steel or malleable iron concr ete inserts set in 

place prior to placing the concrete. 

2.  Existing Construction: 

a.  Steel expansion anchors not less than 6 mm (1/4 inc h) bolt size 

and not less than 28 mm (1-1/8 inch) embedment. 

b.  Power set fasteners not less than 6 mm (1/4 inch) d iameter with 

depth of penetration not less than 75 mm (3 inches) . 

c.  Use vibration and shock resistant anchors and faste ners for 

attaching to concrete ceilings. 

F.  Hollow Masonry: Toggle bolts are permitted.  

G.  Bolts supported only by plaster or gypsum wallboard  are not acceptable. 
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H.  Metal Structures: Use machine screw fasteners or ot her devices 

specifically designed and approved for the applicat ion. 

I.  Attachment by wood plugs, rawl plug, plastic, lead or soft metal 

anchors, or wood blocking and bolts supported only by plaster is 

prohibited. 

J.  Chain, wire, or perforated strap shall not be used to support or fasten 

conduit. 

K.  Spring steel type supports or fasteners are prohibi ted for all uses 

except: Horizontal and vertical supports/fasteners within walls. 

L.  Vertical Supports: Vertical conduit runs shall have  riser clamps and 

supports in accordance with the NEC and as shown. P rovide supports for 

cable and wire with fittings that include internal wedges and retaining 

collars. 

3.7  BOX INSTALLATION  

A.  Boxes for Concealed Conduits: 

1.  Flush mounted. 

2.  Provide raised covers for boxes to suit the wall or  ceiling, 

construction and finish. 

B.  In addition to boxes shown, install additional boxe s where needed to 

prevent damage to cables and wires during pulling i n operations.  

C.  Remove only knockouts as required and plug unused o penings.  Use 

threaded plugs for cast metal boxes and snap-in met al covers for sheet 

metal boxes. 

D.  Outlet boxes in the same wall mounted back-to-back are prohibited. A 

minimum 600 mm (24 inch), center-to-center lateral spacing shall be 

maintained between boxes).  

E.  Minimum size of outlet boxes for ground fault inter rupter (GFI) 

receptacles is 100 mm (4 inches) square by 55 mm (2 -1/8 inches) deep, 

with device covers for the wall material and thickn ess involved. 

F.  Stencil or install phenolic nameplates on covers of  the boxes identified 

on riser diagrams; for example, "SIG-FA JB No. 1".  

G.  On all Branch Circuit junction box covers, identify  the circuits with 

black marker. 

3.8  ELECTRONIC SAFETY AND SECURITY CONDUIT 

A.  Install the electronic safety and security raceway system as shown on 

drawings. 

B.  Minimum conduit size of 19 mm (3/4 inch), but not l ess than the size 

shown on the drawings. 

C.  All conduit ends shall be equipped with insulated b ushings. 
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D.  All 100 mm (four inch) conduits within buildings sh all include pull 

boxes after every two 90 degree bends. Size boxes p er the NEC. 

E.  Vertical conduits/sleeves through closets floors sh all terminate not 

less than 75 mm (3 inches) below the floor and not less than 75 mm (3 

inches) below the ceiling of the floor below. 

F.  Terminate conduit runs to/from a backboard in a clo set or interstitial 

space at the top or bottom of the backboard. Condui ts shall enter 

communication closets next to the wall and be flush  with the backboard. 

G.  Where drilling is necessary for vertical conduits, locate holes so as 

not to affect structural sections such as ribs or b eams. 

H.  All empty conduits located in communications closet s or on backboards 

shall be sealed with a standard non-hardening duct seal compound to 

prevent the entrance of moisture and gases and to m eet fire resistance 

requirements. 

I.  Conduit runs shall contain no more than four quarte r turns (90 degree 

bends) between pull boxes/backboards. Minimum radiu s of communication 

conduit bends shall be as follows (special long rad ius): 

 

Sizes of Conduit 

Trade Size 

Radius of Conduit Bends 

mm, Inches 

¾ 150 (6) 

1 230 (9) 

1-1/4 350 (14) 

1-1/2 430 (17) 

2 525 (21) 

2-1/2 635 (25) 

3 775 (31) 

3-1/2 900 (36) 

4 1125 (45) 

 

J.  Furnish and install 19 mm (3/4 inch) thick fire ret ardant plywood 

specified in on the wall of communication closets w here shown on 

drawings. Mount the plywood with the bottom edge 30 0 mm (one foot) above 

the finished floor.  Plywood shall not be painted.  Fire rating label or 

stencil shall face into the room. 

K.  Furnish and pull wire in all empty conduits. (Sleev es through floor are 

exceptions). 

3.9  COMMISSIONING – NOT USED 

- - - E N D - - -  
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SECTION 28 08 00 

COMMISSIONING OF ELECTRONIC SAFETY AND SECURITY SYSTEMS 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. The requirements of this Section apply to all se ctions of Division 28.  

B. This project will have selected building systems  commissioned.  The 

complete list of equipment and systems to be commis sioned is specified 

in Section 01 91 00 GENERAL COMMISSIONING REQUIREME NTS.  The 

commissioning process, which the Contractor is resp onsible to execute, 

is defined in Section 01 91 00 GENERAL COMMISSIONIN G REQUIRMENTS.  A 

Commissioning Agent (CxA) appointed by the VA will manage the 

commissioning process. 

1.2 RELATED WORK 

A.  Section 01 00 00 GENERAL REQUIREMENTS. 

B.  Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS . 

C.  Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, AND S AMPLES. 

1.3 SUMMARY 

A. This Section includes requirements for commissio ning the Facility 

electronic safety and security systems, related sub systems and related 

equipment.  This Section supplements the general re quirements specified 

in Section 01 91 00 General Commissioning Requireme nts. 

B. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for more 

details regarding processes and procedures as well as roles and 

responsibilities for all Commissioning Team members . 

1.4 DEFINITIONS 

A. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for 

definitions.   

1.5 COMMISSIONED SYSTEMS 

A. Commissioning of a system or systems specified i n Division 28 is part 

of the construction process. Documentation and test ing of these 

systems, as well as training of the VA’s Operation and Maintenance 

personnel in accordance with the requirements of Se ction 01 91 00 and 

of Division 28, is required in cooperation with the  VA and the 

Commissioning Agent.   

B. The Facility exterior closure systems commission ing will include the 

systems listed in Section 01 91 00 General Commissi oning Requirements: 
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1.6 SUBMITTALS 

A. The commissioning process requires review of sel ected Submittals that 

pertain to the systems to be commissioned.  The Com missioning Agent 

will provide a list of submittals that will be revi ewed by the 

Commissioning Agent.  This list will be reviewed an d approved by the VA 

prior to forwarding to the Contractor.  Refer to Se ction 01 33 23 SHOP 

DRAWINGS, PRODUCT DATA, and SAMPLES for further det ails.   

B. The commissioning process requires Submittal rev iew simultaneously with 

engineering review. Specific submittal requirements  related to the 

commissioning process are specified in Section 01 9 1 00 GENERAL 

COMMISSIONING REQUIREMENTS. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 CONSTRUCTION INSPECTIONS 

A. Commissioning of Electronic Safety and Security systems will require 

inspection of individual elements of the electronic  safety and security 

systems throughout the construction period.  The Co ntractor shall 

coordinate with the Commissioning Agent in accordan ce with Section 01 

91 00 and the Commissioning plan to schedule electr onic safety and 

security systems inspections as required to support  the Commissioning 

Process. 

3.2 PRE-FUNCTIONAL CHECKLISTS 

A. The Contractor shall complete Pre-Functional Che cklists to verify 

systems, subsystems, and equipment installation is complete and systems 

are ready for Systems Functional Performance Testin g.  The 

Commissioning Agent will prepare Pre-Functional Che cklists to be used 

to document equipment installation.  The Contractor  shall complete the 

checklists.  Completed checklists shall be submitte d to the VA and to 

the Commissioning Agent for review.  The Commission ing Agent may spot 

check a sample of completed checklists.  If the Com missioning Agent 

determines that the information provided on the che cklist is not 

accurate, the Commissioning Agent will return the m arked-up checklist 

to the Contractor for correction and resubmission.  If the 

Commissioning Agent determines that a significant n umber of completed 

checklists for similar equipment are not accurate, the Commissioning 

Agent will select a broader sample of checklists fo r review.  If the 

Commissioning Agent determines that a significant n umber of the broader 
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sample of checklists is also inaccurate, all the ch ecklists for the 

type of equipment will be returned to the Contracto r for correction and 

resubmission.  Refer to SECTION 01 91 00 GENERAL CO MMISSIONING 

REQUIREMENTS for submittal requirements for Pre-Fun ctional Checklists, 

Equipment Startup Reports, and other commissioning documents. 

3.3 CONTRACTORS TESTS 

A. Contractor tests as required by other sections o f Division 28 shall be 

scheduled and documented in accordance with Section  01 00 00 GENERAL 

REQUIREMENTS.  All testing shall be incorporated in to the project 

schedule.  Contractor shall provide no less than 7 calendar days’ 

notice of testing.  The Commissioning Agent will wi tness selected 

Contractor tests at the sole discretion of the Comm issioning Agent.  

Contractor tests shall be completed prior to schedu ling Systems 

Functional Performance Testing.   

3.4 SYSTEMS FUNCTIONAL PERFORMANCE TESTING   

A. The Commissioning Process includes Systems Funct ional Performance 

Testing that is intended to test systems functional  performance under 

steady state conditions, to test system reaction to  changes in 

operating conditions, and system performance under emergency 

conditions.  The Commissioning Agent will prepare d etailed Systems 

Functional Performance Test procedures for review a nd approval by the 

Resident Engineer.  The Contractor shall review and  comment on the 

tests prior to approval.  The Contractor shall prov ide the required 

labor, materials, and test equipment identified in the test procedure 

to perform the tests.  The Commissioning Agent will  witness and 

document the testing.  The Contractor shall sign th e test reports to 

verify tests were performed.  See Section 01 91 00 GENERAL 

COMMISSIONING REQUIREMENTS, for additional details.  

3.5 TRAINING OF VA PERSONNEL 

A. Training of the VA operation and maintenance per sonnel is required in 

cooperation with the Resident Engineer and Commissi oning Agent.  

Provide competent, factory authorized personnel to provide instruction 

to operation and maintenance personnel concerning t he location, 

operation, and troubleshooting of the installed sys tems.  Contractor 

shall submit training agendas and trainer resumes i n accordance with 

the requirements of Section 01 91 00.  The instruct ion shall be 

scheduled in coordination with the VA Resident Engi neer after 
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submission and approval of formal training plans.   Refer to Section 01 

91 00 GENERAL COMMISSIONING REQUIREMENTS and Divisi on 28 Sections for 

additional Contractor training requirements. 

----- END ----- 
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SECTION 28 13 00 
PHYSICAL ACCESS CONTROL SYSTEM 

PART 1 -  GENERAL 

1.1  DESCRIPTION  

A.  This section specifies the finishing, installation,  connection, testing 

and certification of a complete and fully operating  Physical Access 

Control System, hereinafter referred to as the PACS . 

B.  This Section includes a Physical Access Control Sys tem consisting of 

field-installed Controllers connected to the existi ng PACS.  The 

existing system is a Johnson Controls Access Contro l System. 

1.  Not Used  

2.  Not Used 

C.  Not Used 

D.  Not Used  

E.  Physical Access Control System (PACS) shall consist  of: 

1.  Not Used  

2.  Not Used 

3.  Not Used 

4.  Not Used 

5.  Field installed controllers, 

6.  Not Used 

7.  Card readers, 

8.  Not Used 

9.  Not Used 

10.  Not Used 

11.  Door locks and sensors, 

12.  Power supplies, 

13.  Interfaces with: 

a.  Not Used  

b.  Not Used 

c.  Automatic door operators, 

d.  Not Used 

e.  Not Used 

f.  Not Used  

g.  Not Used  

h.  Not Used 

i.  Not Used 
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j.  Not Used 

14.  Not Used 

F.  Not Used  

G.  Not Used  

H.  Not Used 

I.  Not Used 

J.  Not Used    

K.  Not Used   

L.  Not Used 

M.  Not Used 

N.  Not Used 

O.  Not Used 

P.  Not Used  

Q.  Not Used 

R.  Not Used 

1.2  RELATED WORK 

A.  Section 01 00 00 - GENERAL REQUIREMENTS. For Genera l Requirements.   

B.  Section 07 84 00 - FIRESTOPPING. Requirements for f irestopping 

application and use.   

C.  Not Used   

D.  Not Used   

E.  Not Used 

F.  Not Used   

G.  Not Used   

H.  Not Used   

I.  Not Used  

J.  Section 26 05 11 - REQUIREMENTS FOR ELECTRICAL INST ALLATIONS. 

Requirements for connection of high voltage.   

K.  Section 26 05 21 - LOW VOLTAGE ELECTRICAL POWER CON DUCTORS AND CABLES 

(600 VOLTS AND BELOW). Requirements for power cable s.   

L.  Section 26 05 33 – RACEWAYS AND BOXES FOR ELECTRICA L SYSTEMS. 

Requirements for infrastructure.    

M.  Not Used   

N.  Not Used   

O.  Section 28 05 00 - COMMON WORK RESULTS FOR ELECTRON IC SAFETY AND 

SECURITY. For general requirements that are common to more than one 

section in Division 28.   
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P.  Section 28 05 13 - CONDUCTORS AND CABLES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for conductors and cables.   

Q.  Section 28 05 26 - GROUNDING AND BONDING FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for grounding of equipment.   

R.  Section 28 05 28.33 - CONDUITS AND BOXES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for infrastructure.   

S.  Not Used   

T.  Not Used   

U.  Not Used   

V.  Not Used   

W. Not Used   

X.  Not Used   

Y.  Not Used   

1.3  QUALITY ASSURANCE 

A.  Refer to 28 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  The Contractor shall be responsible for providing, installing, and the 

operation of the PACS as shown. The Contractor shal l also provide 

certification as required.  

C.  The security system will be installed and tested to  ensure all 

components are fully compatible as a system and can  be integrated with 

all associated security subsystems, whether the sec urity system is 

stand-alone or a part of a complete Information Tec hnology (IT) 

computer network. 

D.  Not Used 

E.  Not Used 

F.  Contractor Qualifications: 

1.  The Contractor or security sub-contractor shall be a licensed 

security Contractor with a minimum of five (5) year s experience 

installing and servicing systems of similar scope a nd complexity.  

The Contractor shall be an authorized regional repr esentative of the 

Security Management System’s (PACS) manufacturer.  The Contractor 

shall provide four (4) current references from clie nts with systems 

of similar scope and complexity which became operat ional in the past 

three (3) years.  At least three (3) of the referen ces shall be 

utilizing the same system components, in a similar configuration as 

the proposed system.  The references must include a  current point of 
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contact, company or agency name, address, telephone  number, complete 

system description, date of completion, and approxi mate cost of the 

project.  The Contractor shall provide copies of sy stem manufacturer 

certification for all technicians.  The Contractor shall only 

utilize factory-trained technicians to install, pro gram, and service 

the PACS.  The Contractor shall only utilize factor y-trained 

technicians to install, terminate and service contr oller/field 

panels and reader modules.  The technicians shall h ave a minimum of 

five (5) continuous years of technical experience i n electronic 

security systems.  The Contractor shall have a loca l service 

facility.  The facility shall be located within 60 miles of the 

project site.  The local facility shall include suf ficient spare 

parts inventory to support the service requirements  associated with 

this contract.  The facility shall also include app ropriate 

diagnostic equipment to perform diagnostic procedur es.   

a.  Not Used  

b.  Not Used 

G.  Service Qualifications: There shall be a permanent service organization 

maintained or trained by the manufacturer which wil l render 

satisfactory service to this installation within fo ur hours of receipt 

of notification that service is needed. Submit name  and address of 

service organizations. 

1.4  SUBMITTALS 

A.  Refer to 25 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  Submit below items in conjunction with Master Speci fication Sections 01 

33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES, an d Section 28 05 00 

COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY. 

C.  Provide certificates of compliance with Section 1.3 , Quality Assurance. 

D.  Not Used 

E.  Shop drawing and as-built packages shall include, b ut not be limited 

to: 

1.  Index Sheet that shall: 

a.  Define each page of the design package to include f acility name, 

building name, floor, and sheet number. 

b.  Provide a complete list of all security abbreviatio ns and 

symbols.  
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c.  Reference all general notes that are utilized withi n the design 

package. 

d.  Specification and scope of work pages for all indiv idual security 

systems that are applicable to the design package t hat will:  

1.)  Outline all general and job specific work required within 

the design package. 

2.)  Provide a detailed device identification table outl ining 

device Identification (ID) and use for all security  systems 

equipment utilized in the design package. 

2.  Not Used 

3.  A detailed riser drawing for each applicable securi ty subsystem 

shall:  

a.  Indicate the sequence of operation.  

b.  Relationship of integrated components on one diagra m.  

c.  Include the number, size, identification, and maxim um lengths of 

interconnecting wires.  

d.  Wire/cable types shall be defined by a wire and cab le schedule. 

The schedule shall utilize a lettering system that will 

correspond to the wire/cable it represents (example : A = 18 AWG/1 

Pair Twisted, Unshielded). This schedule shall also  provide the 

manufacturer’s name and part number for the wire/ca ble being 

installed. 

4.  A detailed system drawing for each applicable secur ity system shall:  

a.  Clearly identify how all equipment within the syste m, from main 

panel to device, shall be laid out and connected.  

b.  Provide full detail of all system components wiring  from point-

to-point.   

c.  Identify wire types utilized for connection, interc onnection with 

associate security subsystems.   

d.  Show device locations that correspond to the floor plans.  

e.  All general and drawing specific notes shall be inc luded with the 

system drawings.  

5.  A detailed schedule for all of the applicable secur ity subsystems 

shall be included. All schedules shall provide the following 

information: 

a.  Device ID. 
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b.  Device Location (e.g. site, building, floor, room n umber, 

location, and description). 

c.  Mounting type (e.g. flush, wall, surface, etc.). 

d.  Power supply or circuit breaker and power panel num ber. 

e.  In addition, for the PACS, provide the door ID, doo r type (e.g. 

wood or metal), locking mechanism (e.g. strike or e lectromagnetic 

lock) and control device (e.g. card reader or biome trics). 

6.  Detail and elevation drawings for all devices that define how they 

were installed and mounted. 

F.  Not Used 

G.  Provide manufacturer security system product cut-sh eets. Submit for 

approval at least 30 days prior to commencement of formal testing, a 

Security System Operational Test Plan. Include proc edures for 

operational testing of each component and security subsystem, to 

include performance of an integrated system test. 

H.  Submit manufacture’s certification of Underwriters Laboratories, Inc. 

(UL) listing as specified. Provide all maintenance and operating 

manuals per Section 01 00 00, GENERAL REQUIREMENTS,  and Section 28 05 

00 COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY.  

I.  Not Used 

J.  General: Submittals shall be in full compliance of the Contract 

Documents. All submittals shall be provided in acco rdance with this 

section. Submittals lacking the breath or depth the se requirements will 

be considered incomplete and rejected.  Submissions  are considered 

multidisciplinary and shall require coordination wi th applicable 

divisions to provide a complete and comprehensive s ubmission package. 

Additional general provisions are as follows:   

1.  The Contractor shall schedule submittals in order t o maintain the 

project schedule.   

2.  The Contractor shall identify variations from requi rements of 

Contract Documents and state product and system lim itations, which 

may be detrimental to successful performance of the  completed work 

or system.   

3.  Each package shall be submitted at one (1) time for  each review and 

include components from applicable disciplines (e.g ., electrical 

work, architectural finishes, door hardware, etc.) which are 
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required to produce an accurate and detailed depict ion of the 

project.   

4.  Manufacturer’s information used for submittal shall  have pages with 

items for approval tagged, items on pages shall be identified, and 

capacities and performance parameters for review sh all be clearly 

marked through use of an arrow or highlighting.  Pr ovide space for 

COR and Contractor review stamps.  

5.  Technical Data Drawings shall be in the latest vers ion of AutoCAD®, 

drawn accurately, and in accordance with VA CAD Sta ndards.  FREEHAND 

SKETCHES OR COPIED VERSIONS OF THE CONSTRUCTION DOCUMENTS WILL NOT 

BE ACCEPTED.  The Contractor shall not reproduce Co ntract Documents 

or copy standard information as the basis of the Te chnical Data 

Drawings.  If departures from the technical data dr awings are 

subsequently deemed necessary by the Contractor, de tails of such 

departures and the reasons thereof shall be submitt ed in writing to 

the COR for approval before the initiation of work.  

6.  Not Used   

7.  Not Used 

8.  Resubmission:  Revise and resubmit submittals as re quired within 15 

calendar days of return of submittal.  Make resubmi ssions under 

procedures specified for initial submittals.  Ident ify all changes 

made since previous submittal. 

9.  Product Data:  Within 15 calendar days after execut ion of the 

contract, the Contractor shall submit for approval a complete list 

of all of major products proposed for use.  The dat a shall include 

name of manufacturer, trade name, model number, the  associated 

contract document section number, paragraph number,  and the 

referenced standards for each listed product.  

K.  Not Used 

L.  Not Used 

M.  Not Used 

N.  Not Used 

O.  Not Used 

P.  Not Used 

Q.  Not Used 

R.  Not Used  
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1.5  APPLICABLE PUBLICATIONS 

A.  Refer to 25 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  The publications listed below (including amendments , addenda, 

revisions, supplement, and errata) form a part of t his specification to 

the extent referenced. The publications are referen ced in the text by 

the basic designation only. 

C.  American National Standards Institute (ANSI)/ Secur ity Industry 

Association (SIA): 

AC-03...................Access Control: Access Cont rol Guideline Dye 

Sublimation Printing Practices for PVC Access 

Control Cards 

D.  Not Used 

E.  Not Used 

F.  Not Used  

G.  Not Used  

H.  Not Used 

I.  National Electrical Manufactures Association (NEMA) : 

250-08..................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

J.  National Fire Protection Association (NFPA): 

70-11................... National Electrical Code 

K.  Underwriters Laboratories, Inc. (UL): 

294-99..................The Standard of Safety for Access Control 

System Units 

305-08..................Standard for Panic Hardware  

639-97..................Standard for Intrusion-Dete ction Units 

827-08..................Central Station Alarm Servi ces 

 

L.  Homeland Security Presidential Directive (HSPD): 

HSPD-12.................Policy for a Common Identif ication Standard for 

Federal Employees and Contractors 

M.  Federal Communications Commission (FCC): 

(47 CFR 15) Part 15 Limitations on the Use of Wirel ess Equipment/Systems 

N.  Federal Information Processing Standards (FIPS): 

FIPS-201-1..............Personal Identity Verificat ion (PIV) of Federal 

Employees and Contractors 
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O.  National Institute of Standards and Technology (NIS T): 

IR 6887 V2.1............Government Smart Card Inter operability 

Specification (GSC-IS) 

Special Pub 800-63......Electronic Authentication G uideline 

Special Pub 800-96......PIV Card Reader Interoperab ility Guidelines 

Special Pub 800-73-3....Interfaces for Personal Ide ntity Verification 

(4 Parts) 

........................Pt. 1- End Point PIV Card A pplication 

Namespace, Data Model & Representation 

........................Pt. 2- PIV Card Application  Card Command 

Interface  

........................Pt. 3- PIV Client Applicati on Programming 

Interface  

........................Pt. 4- The PIV Transitional  Interfaces & Data 

Model Specification 

Special Pub 800-78-2....Cryptographic Algorithms an d Key Sizes for 

Personal Identity Verification 

Special Pub 800-79-1....Guidelines for the Accredit ation of Personal 

Identity Verification Card Issuers 

Special Pub 800-85B-1...DRAFTPIV Data Model Test Gu idelines 

Special Pub 800-85A-2...PIV Card Application and Mi ddleware Interface 

Test Guidelines (SP 800-73-3 compliance) 

Special Pub 800-96......PIV Card Reader Interoperab ility Guidelines 

Special Pub 800-37......Guide for Applying the Risk  Management 

Framework to Federal Information Systems 

Special Pub 800-96......PIV Card Reader Interoperab ility Guidelines 

Special Pub 800-96......PIV Card Reader Interoperab ility Guidelines 

Special Pub 800-104A....Scheme for PIV Visual Card Topography  

Special Pub 800-116.....Recommendation for the Use of PIV Credentials 

in Physical Access Control Systems (PACS) 

P.  Institute of Electrical and Electronics Engineers ( IEEE): 

C62.41..................IEEE Recommended Practice o n Surge Voltages in 

Low-Voltage AC Power Circuits 

Q.  International Organization for Standardization (ISO ): 

7810....................Identification cards – Phys ical characteristics 

7811....................Physical Characteristics fo r Magnetic Stripe 

Cards 
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7816-1..................Identification cards - Inte grated circuit(s) 

cards with contacts - Part 1: Physical 

characteristics  

7816-3..................Identification cards - Inte grated circuit cards 

- Part 3: Cards with contacts - Electrical 

interface and transmission protocols 

7816-4..................Identification cards - Inte grated circuit cards 

- Part 11: Personal verification through 

biometric methods 

7816-10.................Identification cards - Inte grated circuit cards 

- Part 4: Organization, security and commands 

for interchange 

14443...................Identification cards - Cont actless integrated 

circuit cards; Contactless Proximity Cards 

Operating at 13.56 MHz in up to 5 inches 

distance  

15693...................Identification cards -- Con tactless integrated 

circuit cards - Vicinity cards; Contactless 

Vicinity Cards Operating at 13.56 MHz in up to 

50 inches distance 

19794...................Information technology - Bi ometric data 

interchange formats  

R.  Uniform Federal Accessibility Standards (UFAS) 1984  

S.  ADA Standards for Accessible Design 2010 

T.  Section 508 of the Rehabilitation Act of 1973  

1.6  DEFINITIONS 

A.  Refer to 25 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  ABA Track:  Magnetic stripe that is encoded on trac k 2, at 75-bpi 

density in binary-coded decimal format; for example , 5-bit, 16-

character set. 

C.  Access Control List: A list of (identifier, permiss ions) pairs 

associated with a resource or an asset. As an expre ssion of security 

policy, a person may perform an operation on a reso urce or asset if and 

only if the person’s identifier is present in the a ccess control list 

(explicitly or implicitly), and the permissions in the (identifier, 
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permissions) pair include the permission to perform  the requested 

operation. 

D.  Access Control: A function or a system that restric ts access to 

authorized persons only. 

E.  API Application Programming Interface 

F.  Assurance Level (or E-Authentication Assurance Leve l): A measure of 

trust or confidence in an authentication mechanism defined in OMB 

Memorandum M-04-04 and NIST Special Publication (SP ) 800-63, in terms 

of four levels: [M-04-04] 

1.  Level 1: LITTLE OR NO confidence 

2.  Level 2: SOME confidence 

3.  Level 3: HIGH confidence 

4.  Level 4: VERY HIGH confidence 

G.  Authentication: A process that establishes the orig in of information or 

determines an entity’s identity. In this publicatio n, authentication 

often means the performance of a PIV authentication  mechanism. 

H.  Authenticator: A memory, possession, or quality of a person that can 

serve as proof of identity, when presented to a ver ifier of the 

appropriate kind. For example, passwords, cryptogra phic keys, and 

fingerprints are authenticators. 

I.  Authorization: A process that associates permission  to access a 

resource or asset with a person and the person’s id entifier(s). 

J.  Not Used 

K.  Not Used 

L.  CAC EP – CAC End Point with end point PIV applet 

M.  CAC NG – CAC Next Generation with transitional PIV applet 

N.  Card Authentication Key (CAK): A PIV authentication  mechanism (or the 

PIV Card key of the same name) that is implemented by an asymmetric or 

symmetric key challenge/response protocol. The CAK is an optional 

mechanism defined in NIST SP 800-73. [SP800-73] NIS T strongly 

recommends that every PIV Card contain an asymmetri c CAK and 

corresponding certificate, and that agencies use th e asymmetric CAK 

protocol, rather than a symmetric CAK protocol, whe never the CAK 

authentication mechanism is used with PACS.  

O.  Not Used 
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P.  Central Station:  A PC with software designated as the main controlling 

PC of the PACS.  Where this term is presented with initial capital 

letters, this definition applies. 

Q.  Controller:  An intelligent peripheral control unit  that uses a 

computer for controlling its operation.  Where this  term is presented 

with an initial capital letter, this definition app lies. 

R.  CPU:  Central processing unit. 

S.  Credential:  Data assigned to an entity and used to  identify that 

entity. 

T.  File Server:  A PC in a network that stores the pro grams and data files 

shared by users. 

U.  FIPS Federal Information Processing Standards 

V.  FRAC – First Responder Authentication Credential 

W. HSPD Homeland Security Presidential Directive 

X.  I/O:  Input/Output. 

Y.  Identifier:  A credential card, keypad personal ide ntification number 

or code, biometric characteristic, or other unique identification 

entered as data into the entry-control database for  the purpose of 

identifying an individual.  Where this term is pres ented with an 

initial capital letter, this definition applies. 

Z.  IEC International Electrotechnical Commission 

AA.  ISO International Organization for Standardization 

BB.  KB Kilobyte 

CC. kbit/s Kilobits / second 

DD. LAN:  Local area network. 

EE.  LED:  Light-emitting diode. 

FF.  Legacy CAC – Contact only Common Access Card with v 1 and v2 applets 

GG. Location:  A Location on the network having a PC-to -Controller 

communications link, with additional Controllers at  the Location 

connected to the PC-to-Controller link with RS-485 communications loop.  

Where this term is presented with an initial capita l letter, this 

definition applies. 

HH. NIST: National Institute of Standards and Technolog y 

II.  PACS: Physical Access Control System 

JJ.  PC/SC: Personal Computer / Smart Card 

KK.  PC:  Personal computer.  This acronym applies to th e Central Station, 

workstations, and file servers. 
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LL.  PCI Bus:  Peripheral component interconnect; a peri pheral bus providing 

a high-speed data path between the CPU and peripher al devices (such as 

monitor, disk drive, or network). 

MM. PDF:  (Portable Document Format.) The file format u sed by the Acrobat 

document exchange system software from Adobe. 

NN. PIV: Personal Identification Verification 

OO. PIV-I – PIV Interoperable credential 

PP.  PPS: Protocol and Parameters Selection 

QQ. RF:  Radio frequency. 

RR. ROM:  Read-only memory.  ROM data are maintained th rough losses of 

power. 

SS.  RS-232:  An TIA/EIA standard for asynchronous seria l data 

communications between terminal devices.  This stan dard defines a 25-

pin connector and certain signal characteristics fo r interfacing 

computer equipment. 

TT.  RS-485:  An TIA/EIA standard for multipoint communi cations. 

UU. TCP/IP:  Transport control protocol/Internet protoc ol incorporated into 

Microsoft Windows. 

VV.  TPDU: Transport Protocol Data Unit 

WW. TWIC – Transportation Worker Identification Credent ial 

XX.  UPS:  Uninterruptible power supply. 

YY.  Vcc: Voltage at the Common Collector 

ZZ.  WAN:  Wide area network. 

AAA.  WAV:  The digital audio format used in Microsoft Wi ndows. 

BBB.  AAA. Wiegand:  Patented magnetic principle that use s specially treated 

wires embedded in the credential card. 

CCC. Windows:  Operating system by Microsoft Corporation . 

DDD. Workstation:  A PC with software that is configured  for specific 

limited security system functions. 

1.7  COORDINATION 

A.  Refer to 25 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  Coordinate arrangement, mounting, and support of el ectronic safety and 

security equipment: 

1.  To allow maximum possible headroom unless specific mounting heights 

that reduce headroom are indicated. 
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2.  To provide for ease of disconnecting the equipment with minimum 

interference to other installations. 

3.  To allow right of way for piping and conduit instal led at required 

slope. 

4.  So connecting raceways, cables, wireways, cable tra ys, and busways 

will be clear of obstructions and of the working an d access space of 

other equipment. 

C.  Coordinate installation of required supporting devi ces and set sleeves 

in cast-in-place concrete, masonry walls, and other  structural 

components as they are constructed. 

D.  Coordinate location of access panels and doors for electronic safety 

and security items that are behind finished surface s or otherwise 

concealed. 

1.8  MAINTENANCE & SERVICE – NOT USED 

1.9  PERFORMANCE REQUIREMENTS – NOT USED 

1.10  EQUIPMENT AND MATERIALS 

A.  Refer to 25 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY, Part 1 

B.  Materials and equipment furnished shall be of curre nt production by 

manufacturers regularly engaged in the manufacture of such items, for 

which replacement parts shall be available. 

C.  When more than one unit of the same class of equipm ent is required, 

such units shall be the product of a single manufac turer. 

D.  Equipment Assemblies and Components: 

1.  Components of an assembled unit need not be product s of the same 

manufacturer. 

2.  Manufacturers of equipment assemblies, which includ e components made 

by others, shall assume complete responsibility for  the final 

assembled unit. 

3.  Components shall be compatible with each other and with the total 

assembly for the intended service. 

4.  Constituent parts which are similar shall be the pr oduct of a single 

manufacturer. 

E.  Factory wiring shall be identified on the equipment  being furnished and 

on all wiring diagrams. 

F.  Not Used 
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1.11  WARRANTY OF CONSTRUCTION 

A.  Warrant PACS work subject to the Article “Warranty of Construction” of 

FAR clause 52.246-21.  

B.  Demonstration and training shall be performed prior  to system 

acceptance.   

1.12  GENERAL REQUIREMENTS – NOT USED 

PART 2 -  PRODUCTS 

2.1  GENERAL 

A.  All equipment and materials for the system will be compatible to ensure 

correct operation as outlined in FIPS 201, March 20 06 and HSPD-12. 

B.  The security system characteristics listed in this section will serve 

as a guide in selection of equipment and materials for the PACS. If 

updated or more suitable versions are available the n the Contracting 

Officer will approve the acceptance of prior to an installation. 

C.  PACS equipment shall meet or exceed all requirement s listed below. 

D.  A PACS shall be comprised of, but not limited to, t he following 

components: 

1.  Not Used 

2.  Not Used 

3.  Not Used 

4.  Not Used 

5.  Not Used 

6.  Not Used 

7.  Controllers (Data Gathering Panel) 

8.  Not Used 

9.  Not Used 

10.  Card Readers 

11.  Not Used 

12.  Not Used 

13.  Not Used 

14.  System Sensors and Related Equipment 

15.  Push Button Switches 

16.  Interfaces 

17.  Not Used 

18.  Not Used 

19.  Not Used 

20.  Not Used 
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21.  Not Used 

22.  Not Used 

23.  Cables 

24.  Transformers 

2.2  SECURITY MANAGEMENT SYSTEM (SMS) – NOT USED 

2.3  APPLICATION SOFTWARE – NOT USED 

2.4  SURGE AND TAMPER PROTECTION 

A.  Refer to 28 05 00 COMMON WORK RESULTS FOR ELECTRONI C SAFETY AND 

SECURITY 

B.  Surge Protection:  Protect components from voltage surges originating 

external to equipment housing and entering through power, 

communication, signal, control, or sensing leads.  Include surge 

protection for external wiring of each conductor-en try connection to 

components. 

1.  Minimum Protection for Power Connections 120 V and More:  Auxiliary 

panel suppressors complying with requirements in Di vision 26 Section 

"Transient-Voltage Suppression for Low-Voltage Elec trical Power 

Circuits." 

2.  Minimum Protection for Communication, Signal, Contr ol, and Low-

Voltage Power Connections:  Comply with requirement s in Division 26 

Section "Transient-Voltage Suppression for Low-Volt age Electrical 

Power Circuits" as recommended by manufacturer for type of line 

being protected. 

C.  Not Used 

2.5  PACS SERVER HARDWARE – NOT USED 

2.6  STANDARD WORKSTATION HARDWARE – NOT USED 

2.7  COMMUNICATIONS WORKSTATION – NOT USED 

2.8  CONTROLLERS 

A.  Not Used 

B.  Not Used 

C.  Not Used 

D.  Not Used 

E.  Entry-Control Controller: 

1.  Shall be added as part of the existing Johnson Cont rols system.  

Provide expansion modules for existing controller a nd/or provide 

additional controller cabinet. 
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2.  Function:  Provide local entry-control functions in cluding one- and 

two-way communications with access-control devices such as card 

readers, keypads, biometric personal identity verif ication devices, 

door strikes, magnetic latches, gate and door opera tors, and exit 

push-buttons. 

a.  Operate as a stand-alone portal Controller using th e downloaded 

database during periods of communication loss betwe en the 

Controller and the field-device network. 

b.  Accept information generated by the entry-control d evices; 

automatically process this information to determine  valid 

identification of the individual present at the por tal: 

1.)  On authentication of the credentials or information  

presented, check privileges of the identified indiv idual, 

allowing only those actions granted as privileges. 

2.)  Privileges shall include, but not be limited to, ti me of 

day control, day of week control, group control, an d 

visitor escort control. 

c.  Maintain a date-, time-, and Location-stamped recor d of each 

transaction.  A transaction is defined as any succe ssful or 

unsuccessful attempt to gain access through a contr olled portal 

by the presentation of credentials or other identif ying 

information. 

3.  Inputs: 

a.  Data from entry-control devices; use this input to change modes 

between access and secure. 

b.  Database downloads and updates from the Central Sta tion that 

include enrollment and privilege information. 

4.  Outputs: 

a.  Indicate success or failure of attempts to use entr y-control 

devices and make comparisons of presented informati on with stored 

identification information. 

b.  Grant or deny entry by sending control signals to p ortal-control 

devices. 

c.  Maintain a date-, time-, and Location-stamped recor d of each 

transaction and transmit transaction records to the  Central 

Station. 
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d.  Door Prop Alarm:  If a portal is held open for long er than 20 

seconds, alarm sounds. 

5.  With power supplies sufficient to power at voltage and frequency 

required for field devices and portal-control devic es. 

6.  Data Line Problems:  For periods of loss of communi cations with 

Central Station, or when data transmission is degra ded and 

generating continuous checksum errors, the Controll er shall continue 

to control entry by accepting identifying informati on, making 

authentication decisions, checking privileges, and controlling 

portal-control devices. 

a.  Not Used 

7.  Controller Power:  NFPA 70, Class II power supply t ransformer, with 

12- or 24-V ac secondary, backup battery and charge r. 

a.  Not Used 

b.  Not Used 

c.  Not Used 

d.  Not Used 

2.9  PIV MIDDLEWARE – NOT USED 

2.10  CARD READERS 

A.  Power:  Card reader shall be powered from its assoc iated Controller, 

including its standby power source. 

B.  Not Used 

C.  Not Used 

D.  Not Used 

E.  Card Reader shall match existing system card reader s. 

F.  Single gang FIPS201/PIV card compliant proximity/sm art card reader. 

G.  Shall be configured for Wiegand output, US Governme nt FIPS 201 75-bit 

GSA. 

H.  Shall be utilized for controlling the locking hardw are on a door and 

allows for reporting back to the main control panel  with the time/date 

the door was accessed, the name of the person acces sing the point of 

entry, and its location. 

I.  Will be fully programmable and addressable, locally  and remotely, and 

hardwired to the system. 

J.  Shall be individually home run to the main panel.  

K.  Shall be installed in a manner that they comply wit h: 

1.  The Uniform Federal Accessibility Standards (UFAS) 
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2.  The Americans with Disabilities Act (ADA) 

3.  The ADA Standards for Accessible Design 

L.  Not Used  

M.  Not Used  

N.  Not Used  

O.  LED’s shall be utilized to indicate card reader sta tus and access 

status. 

P.  Shall be able to support a user defined downloadabl e off-line mode of 

operation (e.g. locked, unlocked), which will go in  effect during loss 

of communication with the main control panel. 

Q.  Shall provide audible feedback to indicate access g ranted/denied 

decisions. Upon a card swipe, two audible tones or beeps shall indicate 

access granted and three tones or beeps shall indic ate access denied. 

All keypad buttons shall provide tactile audible fe edback. 

R.  Shall have a minimum of two programmable inputs and  two programmable 

outputs. 

S.  Not Used 

T.  Not Used 

U.  Not Used 

V.  Not Used  

2.11  BIOMETRIC IDENTITY VERIFICATION EQUIPMENT – NOT USE D 

2.12  KEYPADS – NOT USED 

2.13  CREDENTIAL CARDS – NOT USED 

2.14  SYSTEM SENSORS AND RELATED EQUIPMENT 

A.  The PACS (Physical Access Control System) and relat ed Equipment 

provided by the Contractor shall meet or exceed the  following performer 

specifications: 

B.  Request to Exit Detectors:  

1.  Passive Infrared Request to Exit Motion Detector (R EX PIR) (1) The 

Contractor shall provide a surface mounted motion d etector to signal 

the physical access control system request to exit input.  The 

motion detector shall be a passive infrared sensor designed for wall 

or ceiling mounting 2134 to 4572 mm (7 to 15 ft) he ight.  The 

detector shall provide two (2) form “C” (SPDT) rela ys rated one (1) 

Amp. @ 30 VDC for DC resistive loads.  The detector s relays shall be 

user adjustable with a latch time from 1-60 seconds .  The detector 

shall also include a selectable relay reset mode to  follow the timer 
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or absence of motion.  The detection pattern shall be adjustable 

plus or minus fourteen (± 14) degrees.  The detecto r shall operate 

on 12 VDC with approximately 26 mA continuous curre nt draw.  The 

detector shall have an externally visible activatio n LED.  The 

motion detector shall measure approximately 38 mm H  x 158 mm W x 38 

mm D (1.5 x 6.25 x 1.5 in).  The detector shall be immune to radio 

frequency interference.  The detector shall not act ivate or set-up 

on critical frequencies in the range 26 to 950 Mega hertz using a 50 

watt transmitter located 30.5 cm (1 ft) from the un it or attached 

wiring.  The detector shall be available on gray or  black 

enclosures.  The color of the housing shall be coor dinated with the 

surrounding surface.   

C.  Not Used   

D.  Delayed Egress (DE) 

1.  Not Used   

2.  Not Used 

3.  Physical Access Control Interface 

a.  The delay egress device shall be capable of interfa ce with card 

access control systems. 

b.  The system shall include a bypass feature that is a ctivated via a 

dry contact relay output from the physical access c ontrol system.  

This bypass shall allow authorized personnel to pas s through the 

controlled portal without creating an alarm conditi on or 

activating the delay egress cycle.  The bypass shal l include 

internal electronic shunts or door switches to prev ent activation 

(re-arming) until the door returns to the closed po sition.  An 

unused access event shall not cause a false alarm a nd shall 

automatically rearm the delay egress lock upon expi ration of the 

programmed shunt time.  The delay egress physical a ccess control 

interface shall support extended periods of automat ed and/or 

manual lock and unlock cycles.  

E.  Not Used 

F.  Not Used 

G.  Automatic Door Opener and Closer: 

1.  Not Used  

2.  Not Used  

3.  Not Used  
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4.  Not Used  

5.  Not Used  

6.  Not Used 

7.  All automatic door openers and closers shall: 

a.  Meet UL standards.  

b.  Be fire rated. 

c.  Have push and go function to activate power operato r or power 

assist function.  

d.  Have push button controls for setting door close an d door open 

positions.  

e.  Have open obstruction detection and close obstructi on detection 

built into the unit.  

f.  Have door closer assembly with adjustable spring si ze, back-check 

valve, sweep valve, latch valve, speed control valv e and pressure 

adjustment valve to control door closing.  

g.  Have motor start-up delay, vestibule interface dela y; electric 

lock delay and door hold open delay up to 30 second s. All 

operators shall close door under full spring power when power is 

removed.  

h.  Are to be hard wired with power input of 120 VAC, 6 0Hz and 

connected to a dedicated circuit breaker located on  a power panel 

reserved for security equipment. 

H.  Door Status Indicators: 

1.  Shall monitor and report door status to the SMS. 

2.  Door Position Sensor: 

a.  Shall provide an open or closed indication for all doors operated 

on the PACS and report directly to the SMS. 

b.  Shall also provide alarm input to the Intrusion Det ection System 

for all doors operated by the PACS and all other do ors that 

require monitoring by the intrusion detection syste m. 

c.  Switches for doors operated by the PACS shall be do uble pole 

double throw (DPDT). One side of the switch shall m onitor door 

position and the other side if the switch shall rep ort to the 

intrusion detection system. For doors with electrom agnetic locks 

a magnetic bonding sensor (MBS) can be used in plac e of one side 

of a DPDT switch, in turn allowing for the use of a  single pole 

double throw (SPDT) switch in it place of a DPDT sw itch. 
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d.  Switches for doors not operated by the PACS shall b e SPDT and 

report directly to the IDS. 

e.  Shall be surface or flush mounted and wide gap with  the ability 

to operate at a maximum distance of up to 2” (5 cm) . 

2.15  PUSH BUTTON SWITCHES – NOT USED 

2.16  PORTAL CONTROL DEVICES 

A.  Shall be used to assist the PACS. 

B.  Such devices shall:  

1.  Provide a means of monitoring the doors status. 

2.  Allow for exiting a space via either a push button,  request to exit, 

or panic/crash bar. 

3.  Provide a means of override to the PACS via a keypa d or key bypass. 

4.  Assist door operations utilizing automatic openers and closures. 

5.  Not Used 

C.  Shall be connected to and monitored by the main PAC S panel. 

D.  Shall be installed in a manner that they comply wit h: 

1.  The Uniform Federal Accessibility Standards (UFAS) 

2.  The Americans with Disabilities Act (ADA) 

3.  The ADA Standards for Accessible Design 

E.  Shall provide a secondary means of physical access control within a 

secure area. 

F.  Push-Button Switches: 

1.  Shall be momentary contact, back lighted push butto ns, and stainless 

steel switch enclosures for each push button as sho wn. Buttons are 

to be utilized for secondary means of releasing a l ocking mechanism. 

a.  Not Used 

b.  Not Used 

c.  Not Used 

G.  Not Used 

2.17  SECONDARY ALARM ANNUNCIATOR – NOT USED 

2.18  INTERFACES – NOT USED 

2.19  FLOOR SELECT ELEVATOR CONTROL – NOT USED 

2.20  AFTER-HOURS HVAC CONTROL – NOT USED 

2.21  REAL TIME GUARD TOUR – NOT USED 

2.22  VIDEO AND CAMERA CONTROL – NOT USED 
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2.23  WIRES AND CABLES 

A.  Refer to section 280513 "CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY 

AND SECURITY". 

B.  Comply with Division 28 Section "CONDUCTORS AND CAB LES FOR ELECTRONIC 

SAFETY AND SECURITY." 

C.  Not Used 

D.  Plenum-Type, RS-232 Cable:  Paired, 2 pairs, No. 22  AWG, stranded 

(7x30) tinned copper conductors, plastic insulation , and individual 

aluminum foil-polyester tape shielded pairs with 10 0 percent shield 

coverage; plastic jacket.  Pairs are cabled on comm on axis with No. 24 

AWG, stranded (7x32) tinned copper drain wire. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

E.  RS-485 communications require 2 twisted pairs, with  a distance 

limitation of 4000 feet (1220 m). 

F.  Not Used 

G.  Plenum-Type, RS-485 Cable:  Paired, 2 pairs, No. 22  AWG, stranded 

(7x30) tinned copper conductors, fluorinated-ethyle ne-propylene 

insulation, unshielded, and fluorinated-ethylene-pr opylene jacket. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

H.  Multiconductor, Readers and Wiegand Keypads Cables:   No. 22 AWG, paired 

and twisted multiple conductors, stranded (7x30) ti nned copper 

conductors, semirigid PVC insulation, overall alumi num foil-polyester 

tape shield with 100 percent shield coverage, plus tinned copper braid 

shield with 65 percent shield coverage, and PVC jac ket. 

1.  NFPA 70, Type CMG. 

2.  Flame Resistance:  UL 1581 Vertical Tray. 

3.  For TIA/EIA-RS-232 applications. 

I.  Not Used 

J.  Not Used 

K.  Plenum-Type, Paired, Readers and Wiegand Keypads Ca ble:  Paired, 3 

pairs, No. 22 AWG, stranded (7x30) tinned copper co nductors, plastic 

insulation, individual aluminum foil-polypropylene tape shielded pairs 

each with No. 22 AWG, stranded tinned copper drain wire, 100 percent 

shield coverage, and fluorinated-ethylene-propylene  jacket. 

1.  NFPA 70, Type CMP. 
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2.  Flame Resistance:  NFPA 262 Flame Test. 

L.  Plenum-Type, Multiconductor, Readers and Keypads Ca ble:  6 conductors, 

No. 20 AWG, stranded (7x28) tinned copper conductor s, fluorinated-

ethylene-propylene insulation, overall aluminum foi l-polyester tape 

shield with 100 percent shield coverage plus tinned  copper braid shield 

with 85 percent shield coverage, and fluorinated-et hylene-propylene 

jacket. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

M.  Not Used 

N.  Plenum-Type, Paired Lock Cable:  1 pair, twisted, N o. 16 AWG, stranded 

(19x29) tinned copper conductors, PVC insulation, u nshielded, and PVC 

jacket. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

O.  Not Used 

P.  Plenum-Type, Paired Lock Cable:  1 pair, twisted, N o. 18 AWG, stranded 

(19x30) tinned copper conductors, fluorinated-ethyl ene-propylene 

insulation, unshielded, and plastic jacket. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

Q.  Not Used 

R.  Plenum-Type, Paired Input Cable:  1 pair, twisted, No. 22 AWG, stranded 

(7x30) tinned copper conductors, fluorinated-ethyle ne-propylene 

insulation, aluminum foil-polyester tape shield (fo il side out), with 

No. 22 AWG drain wire, 100 percent shield coverage,  and plastic jacket. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

S.  Not Used 

T.  Plenum-Type, Paired AC Transformer Cable:  1 pair, twisted, No. 18 AWG, 

stranded (19x30) tinned copper conductors, fluorina ted-ethylene-

propylene insulation, unshielded, and plastic jacke t. 

1.  NFPA 70, Type CMP. 

2.  Flame Resistance:  NFPA 262 Flame Test. 

U.  Not Used 

V.  Not Used 
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PART 3 -  EXECUTION 

3.1  GENERAL 

A.  The Contractor shall install all system components and appurtenances in 

accordance with the manufacturers’ instructions, AN SI C2, and shall 

furnish all necessary interconnections, services, a nd adjustments 

required for a complete and operable system as spec ified.  Control 

signals, communications, and data transmission line s grounding shall be 

installed as necessary to preclude ground loops, no ise, and surges from 

affecting system operation.  Equipment, materials, installation, 

workmanship, inspection, and testing shall be in ac cordance with 

manufacturers’ recommendations and as modified here in. 

B.  Consult the manufacturers’ installation manuals for  all wiring 

diagrams, schematics, physical equipment sizes, etc ., before beginning 

system installation.  Refer to the Riser/Connection  diagram for all 

schematic system installation/termination/wiring da ta.  

C.  All equipment shall be attached to walls and ceilin g/floor assemblies 

and shall be held firmly in place (e.g., sensors sh all not be supported 

solely by suspended ceilings).  Fasteners and suppo rts shall be 

adequate to support the required load. 

3.2  CURRENT SITE CONDITIONS 

A.  The Contractor shall visit the site and verify that  site conditions are 

in agreement with the design package.  The Contract or shall report all 

changes to the site or conditions which will affect  performance of the 

system to the Owner in a report as defined in parag raph Group II 

Technical Data Package.  The Contractor shall not t ake any corrective 

action without written permission from the Owner. 

3.3  EXAMINATION 

A.  Examine pathway elements intended for cables.  Chec k raceways, cable 

trays, and other elements for compliance with space  allocations, 

installation tolerances, hazards to cable installat ion, and other 

conditions affecting installation. 

B.  Examine roughing-in for LAN and control cable condu it systems to PCs, 

Controllers, card readers, and other cable-connecte d devices to verify 

actual locations of conduit and back boxes before d evice installation. 

C.  Proceed with installation only after unsatisfactory  conditions have 

been corrected. 



  10-11 
Renovate Tower of Building 1 

VAMC, Sioux Falls, SD 
 VA Project #438-18-102 

 

28 13 00 - 26 

3.4  PREPARATION 

A.  Comply with recommendations in SIA CP-01. 

B.  Comply with EIA/TIA-606, "Administration Standard f or the 

Telecommunications Infrastructure of Commercial Bui ldings." 

C.  Obtain detailed Project planning forms from manufac turer of access-

control system; develop custom forms to suit Projec t.  Fill in all data 

available from Project plans and specifications and  publish as Project 

planning documents for review and approval. 

1.  Not Used 

2.  For each Location, record setup of Controller featu res and access 

requirements. 

3.  Not Used 

4.  Not Used 

5.  Not Used 

6.  Not Used 

7.  Not Used 

8.  Not Used 

9.  Not Used 

10.  Not Used 

11.  Not Used 

12.  Complete system diagnostics and operation verificat ion. 

13.  Prepare a specific plan for system testing, startup , and 

demonstration. 

14.  Not Used 

15.  Not Used 

D.  Not Used 

3.5  CABLING 

A.  Comply with NECA 1, "Good Workmanship in Electrical  Contracting." 

B.  Install cables and wiring according to requirements  in Division 28 

Section "Conductors and Cables for Electronic Safet y and Security." 

C.  Not Used 

D.  Wiring Method:  Install wiring in raceway and cable  tray except within 

consoles, cabinets, desks, and counters and except in accessible 

ceiling spaces and in gypsum board partitions where  unenclosed wiring 

method may be used.  Use NRTL-listed plenum cable i n environmental air 

spaces, including plenum ceilings.  Conceal raceway  and cables except 

in unfinished spaces. 
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E.  Not Used 

F.  Install cables without damaging conductors, shield,  or jacket. 

G.  Boxes and enclosures containing security system com ponents or cabling, 

and which are easily accessible to employees or to the public, shall be 

provided with a lock.  Boxes above ceiling level in  occupied areas of 

the building shall not be considered to be accessib le.  Junction boxes 

and small device enclosures below ceiling level and  easily accessible 

to employees or the public shall be covered with a suitable cover plate 

and secured with tamperproof screws. 

H.  Install end-of-line resistors at the field device l ocation and not at 

the Controller or panel location. 

3.6  CABLE APPLICATION 

A.  Comply with EIA/TIA-569, "Commercial Building Stand ard for 

Telecommunications Pathways and Spaces." 

B.  Cable application requirements are minimum requirem ents and shall be 

exceeded if recommended or required by manufacturer  of system hardware. 

C.  RS-232 Cabling:  Install at a maximum distance of 5 0 feet (15 m). 

D.  RS-485 Cabling:  Install at a maximum distance of 4 000 feet (1220 m). 

E.  Card Readers and Keypads: 

1.  Install number of conductor pairs recommended by ma nufacturer for 

the functions specified. 

2.  Unless manufacturer recommends larger conductors, i nstall No. 22 AWG 

wire if maximum distance from Controller to the rea der is 250 feet 

(75 m), and install No. 20 AWG wire if maximum dist ance is 500 feet 

(150 m). 

3.  For greater distances, install "extender" or "repea ter" modules 

recommended by manufacturer of the Controller. 

4.  Install minimum No. 18 AWG shielded cable to reader s and keypads 

that draw 50 mA or more. 

F.  Install minimum No. 16 AWG cable from Controller to  electrically 

powered locks.  Do not exceed 250 feet (75 m). 

G.  Install minimum No. 18 AWG ac power wire from trans former to 

Controller, with a maximum distance of [25 feet (8 m)] <Insert 

distance>. 

3.7  GROUNDING 

A.  Comply with Division 26 Section  26 05 26 "Groundin g and Bonding for 

Electrical Systems." 
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B.  Comply with IEEE 1100, "Power and Grounding Sensiti ve Electronic 

Equipment." 

C.  Ground cable shields, drain conductors, and equipme nt to eliminate 

shock hazard and to minimize ground loops, common-m ode returns, noise 

pickup, cross talk, and other impairments. 

D.  Not Used 

3.8  INSTALLATION  

A.  System installation shall be in accordance with UL 294, manufacturer 

and related documents and references, for each type  of security 

subsystem designed, engineered and installed. 

B.  Components shall be configured with appropriate “se rvice points” to 

pinpoint system trouble in less than 30 minutes.  

C.  The Contractor shall install all system components including Government 

furnished equipment, and appurtenances in accordanc e with the 

manufacturer's instructions, documentation listed i n Sections 1.4 and 

1.5 of this document, and shall furnish all necessa ry connectors, 

terminators, interconnections, services, and adjust ments required for a 

operable system.  

D.  Not Used 

E.  Not Used 

F.  Not Used 

G.  Not Used 

H.  The Contractor shall visit the site and verify that  site conditions are 

in agreement with the design package. The Contracto r shall report all 

changes to the site or conditions that will affect performance of the 

system. The Contractor shall not take any correctiv e action without 

written permission from the Government. 

I.  The Contractor shall visit the site and verify that  site conditions are 

in agreement/compliance with the design package. Th e Contractor shall 

report all changes to the site or conditions that w ill affect 

performance of the system to the Contracting Office r in the form of a 

report. The Contractor shall not take any correctiv e action without 

written permission received from the Contracting Of ficer. 

J.  Existing Equipment: 

1.  The Contractor shall connect to and utilize existin g door equipment, 

control signal transmission lines, and devices as o utlined in the 

design package. Door equipment and signal lines tha t are usable in 
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their original configuration without modification m ay be reused with 

Contracting Officer approval. 

2.  The Contractor shall perform a field survey, includ ing testing and 

inspection of all existing door equipment and signa l lines intended 

to be incorporated into the PACS, and furnish a rep ort to the 

Contracting Officer as part of the site survey repo rt. For those 

items considered nonfunctioning, provide (with the report) 

specification sheets, or written functional require ments to support 

the findings and the estimated cost to correct the deficiency. As 

part of the report, the Contractor shall include a schedule for 

connection to all existing equipment. 

3.  The Contractor shall make written requests and obta in approval prior 

to disconnecting any signal lines and equipment and  creating 

equipment downtime. Such work shall proceed only af ter receiving 

Contracting Officer approval of these requests. If any device fails 

after the Contractor has commenced work on that dev ice, signal or 

control line, the Contractor shall diagnose the fai lure and perform 

any necessary corrections to the equipment. 

4.  The Contractor shall be held responsible for repair  costs due to 

Contractor negligence, abuse, or improper installat ion of equipment.  

5.  The Contracting Officer shall be provided a full li st of all 

equipment that is to be removed or replaced by the Contractor, to 

include description and serial/manufacturer numbers  where possible. 

The Contractor shall dispose of all equipment that has been removed 

or replaced based upon approval of the Contracting Officer after 

reviewing the equipment removal list. In all areas where equipment 

is removed or replaced the Contractor shall repair those areas to 

match the current existing conditions. 

K.  Enclosure Penetrations: All enclosure penetrations shall be from the 

bottom of the enclosure unless the system design re quires penetrations 

from other directions. Penetrations of interior enc losures involving 

transitions of conduit from interior to exterior, a nd all penetrations 

on exterior enclosures shall be sealed with rubber silicone sealant to 

preclude the entry of water and will comply with VA  Master 

Specification 07 84 00, Firestopping. The conduit r iser shall terminate 

in a hot-dipped galvanized metal cable terminator. The terminator shall 
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be filled with an approved sealant as recommended b y the cable 

manufacturer and in such a manner that the cable is  not damaged. 

L.  Cold Galvanizing: All field welds and brazing on fa ctory galvanized 

boxes, enclosures, and conduits shall be coated wit h a cold galvanized 

paint containing at least 95 percent zinc by weight . 

M.  Control Panels:  

1.  Connect power and signal lines to the controller. 

2.  Program the panel as outlined by the design and per  the 

manufacturer’s programming guidelines. 

N.  Not Used 

O.  Card Readers:  

1.  Connect all signal inputs and outputs as shown and specified.  

2.  Terminate input signals as required. 

3.  Program and address the reader as per the design pa ckage. 

4.  Readers shall be surface or flushed mounted and all  appropriate 

hardware shall be provided to ensure the unit is in stalled in an 

enclosed conduit system. 

P.  Not Used 

Q.  Portal Control Devices: 

1.  Install all signal input and output cables as well as all power 

cables. 

2.  Devices shall be surface or flush mounted as per th e design package. 

3.  Program all devices and ensure they are working. 

R.  Door Status Indicators: 

1.  Install all signal input and output cables as well as all power 

cables. 

2.  RTE’s shall be surface mounted and angled in a mann er that they 

cannot be compromised from the non-secure side of a  windowed door, 

or allow for easy release of the locking device fro m a distance no 

greater than 6 feet from the base of the door. 

3.  Door position sensors shall be surface or flush mou nted and wide gap 

with the ability to operate at a maximum distance o f up to 2” (5 

cm). 

S.  Entry Control Devices: 

1.  Install all signal input and power cables. 

2.  Strikes and bolts shall be mounted within the door frame. 
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3.  Mortise locks shall be mounted within the door and an electric 

transfer hinge shall be utilized to transfer the wi re from within 

the door frame to the mortise lock inside the door.  

4.  Electromagnetic locks shall be installed with the m ag-lock mounted 

to the door frame and the metal plate mounted to th e door. 

T.  System Start-Up: 

1.  The Contractor shall not apply power to the PACS un til the following 

items have been completed: 

a.  PACS equipment items and have been set up in accord ance with 

manufacturer's instructions. 

b.  A visual inspection of the PACS has been conducted to ensure that 

defective equipment items have not been installed a nd that there 

are no loose connections. 

c.  System wiring has been tested and verified as corre ctly connected 

as indicated. 

d.  All system grounding and transient protection syste ms have been 

verified as installed and connected as indicated. 

e.  Power supplies to be connected to the PACS have bee n verified as 

the correct voltage, phasing, and frequency as indi cated. 

2.  Satisfaction of the above requirements shall not re lieve the 

Contractor of responsibility for incorrect installa tion, defective 

equipment items, or collateral damage as a result o f Contractor work 

efforts. 

3.  Not Used 

U.  Supplemental Contractor Quality Control: 

1.  The Contractor shall provide the services of techni cal 

representatives who are familiar with all component s and 

installation procedures of the installed PACS; and are approved by 

the Contracting Officer.  

2.  The Contractor will be present on the job site duri ng the 

preparatory and initial phases of quality control t o provide 

technical assistance.  

3.  The Contractor shall also be available on an as nee ded basis to 

provide assistance with follow-up phases of quality  control.  

4.  The Contractor shall participate in the testing and  validation of 

the system and shall provide certification that the  system installed 
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is fully operational as all construction document r equirements have 

been fulfilled. 

3.9  SYSTEM SOFTWARE – NOT USED 

3.10  FIELD QUALITY CONTROL 

A.  Manufacturer's Field Service:  Engage a factory-aut horized service 

representative to inspect, test, and adjust field-a ssembled components 

and equipment installation, including connections, and to assist in 

field testing.  Report results in writing. 

B.  Not Used 

C.  Perform the following field tests and inspections a nd prepare test 

reports: 

1.  Not Used 

2.  Test each circuit and component of each system.  Te sts shall 

include, but are not limited to, measurements of po wer supply output 

under maximum load, signal loop resistance, and lea kage to ground 

where applicable.  System components with battery b ackup shall be 

operated on battery power for a period of not less than 10 percent 

of the calculated battery operating time.  Provide special equipment 

and software if testing requires special or dedicat ed equipment. 

3.  Operational Test:  After installation of cables and  connectors, 

demonstrate product capability and compliance with requirements.  

Test each signal path for end-to-end performance fr om each end of 

all pairs installed.  Remove temporary connections when tests have 

been satisfactorily completed. 

3.11  PROTECTION – NOT USED 

3.12  COMMISSIONING – NOT USED 

3.13  DEMONSTRATION AND TRAINING 

A.  Not Used 

B.  Not Used 

C.  Not Used 

D.  All testing and training shall be compliant with th e VA General 

Requirements, Section 01 00 00, GENERAL REQUIREMENT S. 

 

-----END---- 
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SECTION 28 31 00 
FIRE DETECTION AND ALARM  

PART 1 -  GENERAL 

1.1  DESCRIPTION 

A.  This section of the specifications includes the fur nishing, 

installation, and connection of the fire alarm equi pment to form a 

complete coordinated system ready for operation. It  shall include, but 

not be limited to, alarm initiating devices, alarm notification 

appliances, control units, fire safety control devi ces, annunciators, 

power supplies, and wiring as shown on the drawings  and specified. The 

fire alarm system shall not be combined with other systems such as 

building automation, energy management, security, e tc. 

B.  Fire alarm systems shall comply with requirements o f the most recent VA 

FIRE PROTECTION DESIGN MANUAL and NFPA 72 unless va riations to NFPA 72 

are specifically identified within these contract d ocuments by the 

following notation: "variation". The design, system  layout, document 

submittal preparation, and supervision of installat ion and testing 

shall be provided by a technician that is certified  NICET level III or 

a registered fire protection engineer. The NICET ce rtified technician 

shall be on site for the supervision and testing of  the system. Factory 

engineers from the equipment manufacturer, thorough ly familiar and 

knowledgeable with all equipment utilized, shall pr ovide additional 

technical support at the site as required by the CO TR or his authorized 

representative. Installers shall have a minimum of 2 years experience 

installing fire alarm systems.  

C.  Fire alarm signals: 

1.  Building(s) shall have an automatic digitized voice  fire alarm 

signal with emergency manual voice override to noti fy occupants to 

evacuate. The digitized voice message shall identif y the area of the 

building (smoke zone) from which the alarm was init iated. 

2.  Building(s) shall have a general evacuation fire al arm signal in 

accordance with ASA S3.41 to notify all occupants i n the respective 

building to evacuate. 

D.  Alarm signals (by device), supervisory signals (by device) and system 

trouble signals (by device not reporting) shall be distinctly 

transmitted to the existing main fire alarm system control unit. 

E.  Not Used 
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1.2  SCOPE 

A.  A fully addressable fire alarm system as an extensi on of an existing 

addressable fire alarm system shall be designed and  installed in 

accordance with the specifications and drawings. De vice location and 

wiring runs shown on the drawings are for reference  only unless 

specifically dimensioned. Actual locations shall be  in accordance with 

NFPA 72 and this specification.  The existing syste m is manufactured by 

Johnson Controls. 

B.  All existing fire alarm equipment, wiring, devices and sub-systems that 

are not shown to be reused shall be removed. All ex isting fire alarm 

conduit not reused shall be removed. 

C.  Not Used 

D.  Not Used 

E.  Not Used 

F.  Basic Performance: 

1.  Alarm and trouble signals from each building fire a larm control 

panel shall be digitally encoded by UL listed elect ronic devices 

onto a multiplexed communication system. 

2.  Response time between alarm initiation (contact clo sure) and 

recording at the main fire alarm control unit (appe arance on 

alphanumeric read out) shall not exceed 5 seconds. 

3.  The signaling line circuits (SLC) between building fire alarm 

control units shall be wired Style 7 in accordance with NFPA 72. 

Isolation shall be provided so that no more than on e building can be 

lost due to a short circuit fault. 

4.  Initiating device circuits (IDC) shall be wired Sty le C in 

accordance with NFPA 72. 

5.  Signaling line circuits (SLC) within buildings shal l be wired Style 

4 in accordance with NFPA 72. Individual signaling line circuits 

shall be limited to covering 22,500 square feet (2, 090 square 

meters) of floor space or 3 floors whichever is les s. 

6.  Notification appliance circuits (NAC) shall be wire d Style Y in 

accordance with NFPA 72. 

1.3  RELATED WORK 

A.  Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES. 

 Requirements for procedures for submittals.  
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B.  Section 07 84 00 - FIRESTOPPING. Requirements for f ire proofing wall 

penetrations.  

C.  Not Used  

D.  Section 21 13 13 - WET-PIPE SPRINKLER SYSTEMS. Requ irements for 

sprinkler systems. 

E.  Section 28 05 00 – COMMON WORK RESULTS FOR ELECTRON IC SAFETY AND 

SECURITY. Requirements for general requirements tha t are common to more 

than one section in Division 28. 

F.  Section 28 05 13 - CONDUCTORS AND CABLES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for conductors and cables.   

G.  Section 28 05 26 - GROUNDING AND BONDING FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for grounding of equipment.   

H.  Section 28 05 28.33 - CONDUITS AND BACKBOXES FOR EL ECTRONIC SAFETY AND 

SECURITY. Requirements for infrastructure.   

I.  Section 28 05 13 - CONDUCTORS AND CABLES FOR ELECTR ONIC SAFETY AND 

SECURITY. Requirements for conductors and cables.  

J.  Not Used  

K.  Section 28 13 00, PHYSICAL ACCESS CONTROL SYSTEMS ( PACS). Requirements 

for integration with physical access control system .  

1.4  SUBMITTALS 

A.  General: Submit 5 copies in accordance with Section  01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES, and Section 26  05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

B.  Drawings: 

1.  Prepare drawings using AutoCAD Release 2013 softwar e and include all 

contractors information. Layering shall be by VA cr iteria as 

provided by the Contracting Officer’s Technical Rep resentative 

(COTR).  Bid drawing files on AutoCAD will be provi ded to the 

Contractor at the pre-construction meeting. The con tractor shall be 

responsible for verifying all critical dimensions s hown on the 

drawings provided by VA. 

2.  Floor plans: Provide locations of all devices (with  device number at 

each addressable device corresponding to control un it programming), 

appliances, panels, equipment, junction/terminal ca binets/boxes, 

risers, electrical power connections, individual ci rcuits and 

raceway routing, system zoning; number, size, and t ype of raceways 

and conductors in each raceway; conduit fill calcul ations with cross 
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section area percent fill for each type and size of  conductor and 

raceway. Only those devices connected and incorpora ted into the 

final system shall be on these floor plans. Do not show any removed 

devices on the floor plans. Show all interfaces for  all fire safety 

functions. 

3.  Riser diagrams: Provide, for the entire system, the  number, size and 

type of riser raceways and conductors in each riser  raceway and 

number of each type device per floor and zone. Show  door holder 

interface, elevator control interface, HVAC shutdow n interface, fire 

extinguishing system interface, and all other fire safety 

interfaces. Show wiring Styles on the riser diagram  for all 

circuits. Provide diagrams both on a per building a nd campus wide 

basis. 

4.  Detailed wiring diagrams: Provide for control panel s, modules, power 

supplies, electrical power connections, auxiliary r elays and 

annunciators showing termination identifications, s ize and type 

conductors, circuit boards, LED lamps, indicators, adjustable 

controls, switches, ribbon connectors, wiring harne sses, terminal 

strips and connectors, spare zones/circuits. Diagra ms shall be drawn 

to a scale sufficient to show spatial relationships  between 

components, enclosures and equipment configuration.  

5.  Two weeks prior to final inspection, the Contractor  shall deliver to 

the COTR 3 sets of as-built drawings and one set of  the as-built 

drawing computer files. As-built drawings (floor pl ans) shall show 

all new and/or existing conduit used for the fire a larm system. 

C.  Manuals: 

1.  Submit simultaneously with the shop drawings, compa nion copies of 

complete maintenance and operating manuals includin g technical data 

sheets for all items used in the system, power requ irements, device 

wiring diagrams, dimensions, and information for or dering 

replacement parts. 

a.  Wiring diagrams shall have their terminals identifi ed to 

facilitate installation, operation, expansion and m aintenance. 

b.  Wiring diagrams shall indicate internal wiring for each item of 

equipment and the interconnections between the item s of 

equipment. 
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c.  Include complete listing of all software used and i nstallation 

and operation instructions including the input/outp ut matrix 

chart. 

d.  Provide a clear and concise description of operatio n that gives, 

in detail, the information required to properly ope rate, inspect, 

test and maintain the equipment and system. Provide  all 

manufacturer's installation limitations including b ut not limited 

to circuit length limitations. 

e.  Complete listing of all digitized voice messages. 

f.  Provide standby battery calculations under normal o perating and 

alarm modes. Battery calculations shall include the  magnets for 

holding the doors open for one minute. 

g.  Include information indicating who will provide eme rgency service 

and perform post contract maintenance. 

h.  Provide a replacement parts list with current price s. Include a 

list of recommended spare parts, tools, and instrum ents for 

testing and maintenance purposes. 

i.  A computerized preventive maintenance schedule for all equipment. 

The schedule shall be provided on disk in a compute r format 

acceptable to the VAMC and shall describe the proto col for 

preventive maintenance of all equipment. The schedu le shall 

include the required times for systematic examinati on, adjustment 

and cleaning of all equipment. A print out of the s chedule shall 

also be provided in the manual. Provide the disk in  a pocket 

within the manual. 

j.  Furnish manuals in 3 ring loose-leaf binder or manu facturer's 

standard binder. 

k.  A print out for all devices proposed on each signal ing line 

circuit with spare capacity indicated. 

2.  Two weeks prior to final inspection, deliver 4 copi es of the final 

updated maintenance and operating manual to the COT R. 

a.  The manual shall be updated to include any informat ion 

necessitated by the maintenance and operating manua l approval. 

b.  Complete "As installed" wiring and schematic diagra ms shall be 

included that shows all items of equipment and thei r 

interconnecting wiring. Show all final terminal ide ntifications. 
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c.  Complete listing of all programming information, in cluding all 

control events per device including an updated inpu t/output 

matrix. 

d.  Certificate of Installation as required by NFPA 72 for each 

building. The certificate shall identify any variat ions from the 

National Fire Alarm Code. 

e.  Certificate from equipment manufacturer assuring co mpliance with 

all manufacturers installation requirements and sat isfactory 

system operation. 

D.  Certifications: 

1.  Together with the shop drawing submittal, submit th e technician's 

NICET level III fire alarm certification as well as  certification 

from the control unit manufacturer that the propose d performer of 

contract maintenance is an authorized representativ e of the major 

equipment manufacturer. Include in the certificatio n the names and 

addresses of the proposed supervisor of installatio n and the 

proposed performer of contract maintenance. Also in clude the name 

and title of the manufacturer’s representative who makes the 

certification. 

2.  Together with the shop drawing submittal, submit a certification 

from either the control unit manufacturer or the ma nufacturer of 

each component (e.g., smoke detector) that the comp onents being 

furnished are compatible with the control unit. 

3.  Together with the shop drawing submittal, submit a certification 

from the major equipment manufacturer that the wiri ng and connection 

diagrams meet this specification, UL and NFPA 72 re quirements. 

1.5  WARRANTY 

All work performed and all material and equipment f urnished under this 

contract shall be free from defects and shall remai n so for a period of 

one year from the date of acceptance of the entire installation by the 

Contracting Officer. 

1.6  GUARANTY PERIOD SERVICES – NOT USED 

1.7  APPLICABLE PUBLICATIONS 

A.  The publications listed below (including amendments , addenda, 

revisions, supplements and errata) form a part of t his specification to 

the extent referenced. The publications are referen ced in text by the 
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basic designation only and the latest editions of t hese publications 

shall be applicable. 

B.  National Fire Protection Association (NFPA): 

NFPA 13 ................Standard for the Installati on of Sprinkler 

Systems, 2010 edition 

NFPA 14 ................  Standard for the Installation of Standpipes and 

Hose Systems, 2010 edition 

NFPA 20 ................  Standard for the Installation of Stationary 

Pumps for Fire Protection, 2010 edition 

NFPA 70.................National Electrical Code (N EC), 2010 edition 

NFPA 72.................National Fire Alarm Code, 2 010 edition 

NFPA 90A................Standard for the Installati on of Air 

Conditioning and Ventilating Systems, 2009 

edition 

NFPA 101................Life Safety Code, 2009 edit ion 

C.  Underwriters Laboratories, Inc. (UL): Fire Protecti on Equipment 

Directory  

D.  Factory Mutual Research Corp (FM): Approval Guide, 2007-2011 

E.  American National Standards Institute (ANSI): 

S3.41...................Audible Emergency Evacuatio n Signal, 1990 

edition, reaffirmed 2008 

F.  International Code Council, International Building Code (IBC), 2009 

edition  

PART 2 -  A PRODUCTS – NOT USED  

PART 3 -  B PRODUCTS  

3.1  EQUIPMENT AND MATERIALS, GENERAL 

A.  Existing addressable equipment may be reused only w here indicated on 

the drawings.    All addressable equipment and comp onents shall be new 

and the manufacturer's current model. All equipment  shall be tested and 

listed by Underwriters Laboratories, Inc. or Factor y Mutual Research 

Corporation for use as part of a fire alarm system.  The authorized 

representative of the manufacturer of the major equ ipment shall certify 

that the installation complies with all manufacture r’s requirements and 

that satisfactory total system operation has been a chieved. 

3.2  CONDUIT, BOXES, AND WIRE 

A.  Conduit shall be in accordance with Section 28 05 2 8.33, CONDUIT AND 

BACKBOXES FOR ELECTRONIC SAFETY AND SECURITY and as  follows: 
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1.  All new conduit shall be installed in accordance wi th NFPA 70. 

2.  Conduit fill shall not exceed 40 percent of interio r cross sectional 

area. 

3.  All new conduit shall be 3/4 inch (19 mm) minimum. 

B.  Wire: 

1.  Wiring shall be in accordance with NEC article 760,  Section 28 05 13 

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY, and as 

recommended by the manufacturer of the addressable fire alarm system 

to extend an existing non-addressable system. All w ires shall be 

color coded. Number and size of conductors shall be  as recommended 

by the fire alarm system manufacturer, but not less  than 18 AWG for 

initiating device circuits and 14 AWG for notificat ion device 

circuits. 

2.  Addressable circuits and wiring used for the multip lex communication 

loop shall be twisted and shielded unless specifica lly accepted by 

the fire alarm equipment manufacturer in writing.  

3.  Any fire alarm system wiring that extends outside o f a building 

shall have additional power surge protection to pro tect equipment 

from physical damage and false signals due to light ning, voltage and 

current induced transients. Protection devices shal l be shown on the 

submittal drawings and shall be UL listed or in acc ordance with 

written manufacturer's requirements. 

4.  All wire or cable used in underground conduits incl uding those in 

concrete shall be listed for wet locations. 

C.  Terminal Boxes, Junction Boxes, and Cabinets: 

1.  Shall be galvanized steel in accordance with UL req uirements. 

2.  All boxes shall be sized and installed in accordanc e with NFPA 70. 

3.  covers shall be repainted red in accordance with Se ction 09 91 00, 

PAINTING and shall be identified with white marking s as "FA" for 

junction boxes and as "FIRE ALARM SYSTEM" for cabin ets and terminal 

boxes. Lettering shall be a minimum of 3/4 inch (19  mm) high. 

4.  Terminal boxes and cabinets shall have a volume 50 percent greater 

than required by the NFPA 70. Minimum sized wire sh all be considered 

as 14 AWG for calculation purposes. 

5.  Terminal boxes and cabinets shall have identified p ressure type 

terminal strips and shall be located at the base of  each riser. 
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Terminal strips shall be labeled as specified or as  approved by the 

COTR. 

3.3  FIRE ALARM CONTROL UNIT – NOT USED 

3.4  STANDBY POWER SUPPLY – NOT USED 

3.5  ANNUNCIATION – NOT USED 

3.6  ALARM NOTIFICATION APPLIANCES 

A.  Not Used 

B.  Strobes: 

1.  Xenon flash tube type minimum 15 candela in toilet rooms and 75 

candela in all other areas with a flash rate of 1 H Z. Strobes shall 

be synchronized where required by the National Fire  Alarm Code (NFPA 

72). 

2.  Backplate shall be red with 1/2 inch (13 mm) perman ent red letters. 

Lettering to read "Fire", be oriented on the wall o r ceiling 

properly, and be visible from all viewing direction s. 

3.  Each strobe circuit shall have a minimum of 20 perc ent spare 

capacity. 

4.  Strobes may be combined with the audible notificati on appliances 

specified herein. 

C.  Speakers: 

1.  Shall operate on either 25 VRMS or 70.7 VRMS with f ield selectable 

output taps from 0.5 to 2.0W and originally install ed at the 1/2 

watt tap. Speakers shall provide a minimum sound ou tput of 80 dBA at 

10 feet (3,000 mm) with the 1/2 watt tap. 

2.  Frequency response shall be a minimum of 400 HZ to 4,000 HZ. 

3.  Ceiling mounted with white colored baffles in areas  with suspended 

ceilings and red color wall mounted in areas withou t ceilings. 

D.  Not Used 

3.7  ALARM INITIATING DEVICES 

A.  Manual Fire Alarm Stations: 

1.  Shall be non-breakglass, address reporting type. 

2.  Station front shall be constructed of a durable mat erial such as 

cast or extruded metal or high impact plastic. Stat ions shall be 

semi-flush type. 

3.  Stations shall be of single action pull down type w ith suitable 

operating instructions provided on front in raised or depressed 

letters, and clearly labeled "FIRE". 
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4.  Operating handles shall be constructed of a durable  material. On 

operation, the lever shall lock in alarm position a nd remain so 

until reset.  A key shall be required to gain front  access for 

resetting, or conducting tests and drills. 

5.  Unless otherwise specified, all exposed parts shall  be red in color 

and have a smooth, hard, durable finish. 

6.  Not Used 

B.  Smoke Detectors: 

1.  Smoke detectors shall be photoelectric type and UL listed for use 

with the fire alarm control unit being furnished. 

2.  Smoke detectors shall be addressable type complying  with applicable 

UL Standards for system type detectors. Smoke detec tors shall be 

installed in accordance with the manufacturer's rec ommendations and 

NFPA 72. 

3.  Detectors shall have an indication lamp to denote a n alarm 

condition.  Provide remote indicator lamps and iden tification plates 

where detectors are concealed from view. Locate the  remote indicator 

lamps and identification plates flush mounted on wa lls so they can 

be observed from a normal standing position. 

4.  All spot type and duct type detectors installed sha ll be of the 

photoelectric type. 

5.  Photoelectric detectors shall be factory calibrated  and readily 

field adjustable. The sensitivity of any photoelect ric detector 

shall be factory set at 3.0 plus or minus 0.25 perc ent obscuration 

per foot. 

6.  Detectors shall provide a visual trouble indication  if they drift 

out of sensitivity range or fail internal diagnosti cs. Detectors 

shall also provide visual indication of sensitivity  level upon 

testing. Detectors, along with the fire alarm contr ol units shall be 

UL listed for testing the sensitivity of the detect ors. 

C.  Heat Detectors: 

1.  Heat detectors shall be of the addressable restorab le rate 

compensated fixed-temperature spot type.  

2.  Detectors shall have a minimum smooth ceiling ratin g of 2,500 square 

feet (230 square meters). 

3.  Ordinary temperature (135 degrees F (57 degrees C))  heat detectors 

shall be utilized in elevator shafts and elevator m echanical rooms. 
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Intermediate temperature rated (200 degrees F (93 d egrees C)) heat 

detectors shall be utilized in all other areas. 

4.  Provide a remote indicator lamp, key test station a nd identification 

nameplate (e.g. “Heat Detector - Elevator P-            ) for each 

elevator group. Locate key test station in plain vi ew on elevator 

machine room wall. 

D.  Water Flow and Pressure Switches: 

1.  Wet pipe water flow switches and dry pipe alarm pre ssure switches 

for sprinkler systems shall be connected to the fir e alarm system by 

way of an address reporting interface device. 

2.  All new water flow switches shall be of a single ma nufacturer and 

series and non-accumulative retard type.  See Secti on 21 13 13, WET-

PIPE SPRINKLER SYSTEMS for new switches added. Conn ect all switches 

shown on the approved shop drawings. 

3.  All new switches shall have an alarm transmission d elay time that is 

conveniently adjustable from 0 to 60 seconds. Initi al settings shall 

be 30-45 seconds. Timing shall be recorded and docu mented during 

testing. 

E.  Not Used 

3.8  SUPERVISORY DEVICES 

A.  Duct Smoke Detectors: 

1.  Duct smoke detectors shall be provided and connecte d by way of an 

address reporting interface device. Detectors shall  be provided with 

an approved duct housing mounted exterior to the du ct, and shall 

have perforated sampling tubes extending across the  full width of 

the duct (wall to wall). Detector placement shall b e such that there 

is uniform airflow in the cross section of the duct . 

2.  Interlocking with fans shall be provided in accorda nce with NFPA 90A 

and as specified hereinafter under Part 3.2, "TYPIC AL OPERATION".  

3.  Provide remote indicator lamps, key test stations a nd identification 

nameplates (e.g. "DUCT SMOKE DETECTOR AHU-X") for a ll duct 

detectors. Locate key test stations in plain view o n walls or 

ceilings so that they can be observed and operated from a normal 

standing position. 

B.  Sprinkler and Standpipe System Supervisory Switches : 

1.  Each sprinkler system water supply control valve, r iser valve or 

zone control valve, and each standpipe system riser  control valve 
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shall be equipped with a supervisory switch. Standp ipe hose valves, 

and test and drain valves shall not be equipped wit h supervisory 

switches. 

2.  PIV (post indicator valve) or main gate valve shall  be equipped with 

a supervisory switch. 

3.  Valve supervisory switches shall be connected to th e fire alarm 

system by way of address reporting interface device .  See Section 21 

13 13, WET-PIPE SPRINKLER SYSTEMS for new switches to be added. 

Connect tamper switches for all control valves show n on the approved 

shop drawings.  

4.  The mechanism shall be contained in a weatherproof die-cast aluminum 

housing that shall provide a 3/4 inch (19 mm) tappe d conduit 

entrance and incorporate the necessary facilities f or attachment to 

the valves. 

5.  The entire installed assembly shall be tamper-proof  and arranged to 

cause a switch operation if the housing cover is re moved or if the 

unit is removed from its mounting. 

6.  Where dry-pipe sprinkler systems are installed, hig h and low air 

pressure switches shall be provided and monitored b y way of an 

address reporting interface devices. 

7.  Not Used 

3.9  ADDRESS REPORTING INTERFACE DEVICE – NOT USED 

3.10  SMOKE BARRIER DOOR CONTROL 

A.  Electromagnetic Door Holders: 

1.  New Door Holders shall be standard wall mounted ele ctromagnetic 

type. In locations where doors do not come in conta ct with the wall 

when in the full open position, an extension post s hall be added to 

the door bracket. 

2.  Operation shall be by 24 volt DC supplied from a ba ttery located at 

the fire alarm control unit. Door holders shall be coordinated as to 

voltage, ampere drain, and voltage drop with the ba ttery, battery 

charger, wiring and fire alarm system for operation  as specified. 

B.  A maximum of twelve door holders shall be provided for each circuit. 

Door holders shall be wired to allow releasing door s by smoke zone. 

C.  Door holder control circuits shall be electrically supervised. 

D.  Smoke detectors shall not be incorporated as an int egral part of door 

holders. 
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3.11  UTILITY LOCKS AND KEYS: 

A.  All key operated test switches, control units, annu nciator panels and 

lockable cabinets shall be provided with a single s tandardized utility 

lock and key. 

B.  Not Used 

C.  All keys shall be delivered to the COTR. 

3.12  SPARE AND REPLACEMENT PARTS 

A.  Provide spare and replacement parts as follows: 

1.  Manual pull stations - 2 

2.  Not Used 

3.  Heat detectors - 2 of each type 

4.  Fire alarm strobes - 2 

5.  Not Used 

6.  Smoke detectors - 5 

7.  Not Used 

8.  Not Used 

9.  Not Used 

10.  Not Used 

11.  Not Used 

12.  Not Used 

13.  Not Used 

14.  Not Used 

15.  Monitor modules - 1 

16.  Control modules - 1 

17.  Not Used 

B.  Not Used 

C.  Spare and replacement parts shall be in original pa ckaging and 

submitted to the COR. 

D.  Not Used 

E.  Provide to the VA, all hardware, software, programm ing tools, license 

and documentation necessary to permanently modify t he fire alarm system 

on site. The minimum level of modification includes  addition and 

deletion of devices, circuits, zones and changes to  system description, 

system operation, and digitized evacuation and inst ructional messages. 
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3.13  INSTRUCTION CHART – NOT USED 

PART 4 -  C PRODUCTS – NOT USED  

PART 5 -  EXECUTION 

5.1  INSTALLATION 

A.  Installation shall be in accordance with NFPA 70, 7 2, 90A, and 101 as 

shown on the drawings, and as recommended by the ma jor equipment 

manufacturer. Fire alarm wiring shall be installed in conduit. All 

conduit and wire shall be installed in accordance w ith, Section 28 05 

13 CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY, Section 28 

05 26 GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY, Section 

28 05 28.33 CONDUIT AND BACKBOXES FOR ELECTRONIC SA FETY AND SECURITY, 

and all penetrations of smoke and fire barriers sha ll be protected as 

required by Section 07 84 00, FIRESTOPPING. 

B.  All conduits, junction boxes, conduit supports and hangers shall be 

concealed in finished areas and may be exposed in u nfinished areas. 

C.  All new and reused exposed conduits shall be painte d in accordance with 

Section 09 91 00, PAINTING to match surrounding fin ished areas and red 

in unfinished areas.  

D.  All existing accessible fire alarm conduit not reus ed shall be removed. 

E.  Not Used 

F.  All fire detection and alarm system devices, contro l units and remote 

annunciators shall be flush mounted when located in  finished areas and 

may be surface mounted when located in unfinished a reas. Exact 

locations are to be approved by the COTR. 

G.  Speakers shall be ceiling mounted and fully recesse d in areas with 

suspended ceilings. Speakers shall be wall mounted and recessed in 

finished areas without suspended ceilings. Speakers  may be surface 

mounted in unfinished areas. 

H.  Strobes shall be flush wall mounted with the bottom  of the unit located 

80 inches (2,000 mm) above the floor or 6 inches (1 50 mm) below 

ceiling, whichever is lower. Locate and mount to ma intain a minimum 36 

inches (900 mm) clearance from side obstructions. 

I.  Manual pull stations shall be installed not less th an 42 inches (1,050 

mm) or more than 48 inches (1,200 mm) from finished  floor to bottom of 

device and within 60 inches (1,500 mm) of a stairwa y or an exit door. 
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J.  Where possible, locate water flow and pressure swit ches a minimum of 12 

inches (300 mm) from a fitting that changes the dir ection of the flow 

and a minimum of 36 inches (900 mm) from a valve. 

K.  Mount valve tamper switches so as not to interfere with the normal 

operation of the valve and adjust to operate within  2 revolutions 

toward the closed position of the valve control, or  when the stem has 

moved no more than 1/5 of the distance from its nor mal position. 

L.  Connect flow and tamper switches installed under Se ction 21 13 13, WET-

PIPE SPRINKLER SYSTEMS. 

M.  Connect combination closer-holders installed under Section 08 71 00, 

DOOR HARDWARE.   

5.2  TYPICAL OPERATION 

A.  Activation of any manual pull station, water flow o r pressure switch, 

heat detector or smoke detector shall cause the fol lowing operations to 

occur: 

1.  Operate the emergency voice communication system. F or sprinkler 

protected buildings, flash strobes continuously onl y in the zone of 

alarm. For buildings without sprinkler protection t hroughout, flash 

strobes continuously only on the floor of alarm. 

2.  Continuously sound a temporal pattern general alarm  and flash all 

strobes in the building in alarm until reset at the  local fire alarm 

control unit. 

3.  Release only the magnetic door holders in the smoke  zone on the 

floor from which alarm was initiated after the aler t signal. 

4.  Transmit a separate alarm signal, via the main fire  alarm control 

unit to the fire department. 

5.  Not Used 

B.  Heat detectors in elevator machine rooms shall, in addition to the 

above functions, disconnect all power to all elevat ors served by that 

machine room after a time delay. The time delay sha ll be programmed 

within the fire alarm system programming and be equ al to the time it 

takes for the car to travel from the highest to the  lowest level, plus 

10 seconds. 

C.  Smoke detectors in the primary elevator lobbies of Buildings shall, in 

addition to the above functions, return all elevato rs in the bank to 

the secondary floor. 
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D.  Smoke detectors in the remaining elevator lobbies, elevator machine 

room, or top of hoistway shall, in addition to the above functions, 

return all elevators in the bank to the primary flo or. 

E.  Operation of a smoke detector at a corridor door us ed for automatic 

closing shall also release only the magnetic door h olders on that floor 

in that smoke zone. 

F.  Operation of duct smoke detectors shall cause a sys tem supervisory 

condition and shut down the ventilation system and close the associated 

smoke dampers as appropriate. 

G.  Operation of any sprinkler or standpipe system valv e supervisory 

switch, high/low air pressure switch, or fire pump alarm switch shall 

cause a system supervisory condition. 

H.  Alarm verification shall not be used for smoke dete ctors installed for 

the purpose of early warning. 

5.3  TESTS 

A.  Provide the service of a NICET level III, competent , factory-trained 

engineer or technician authorized by the manufactur er of the fire alarm 

equipment to technically supervise and participate during all of the 

adjustments and tests for the system. Make all adju stments and tests in 

the presence of the COTR. 

B.  When the systems have been completed and prior to t he scheduling of the 

final inspection, furnish testing equipment and per form the following 

tests in the presence of the COTR. When any defects  are detected, make 

repairs or install replacement components, and repe at the tests until 

such time that the complete fire alarm systems meet s all contract 

requirements. After the system has passed the initi al test and been 

approved by the COTR, the contractor may request a final inspection. 

1.  Before energizing the cables and wires, check for c orrect 

connections and test for short circuits, ground fau lts, continuity, 

and insulation. 

2.  Test the insulation on all installed cable and wiri ng by standard 

methods as recommended by the equipment manufacture r.  

3.  Run water through all flow switches. Check time del ay on water flow 

switches. Submit a report listing all water flow sw itch operations 

and their retard time in seconds. 

4.  Open each alarm initiating and notification circuit  to see if 

trouble signal actuates. 
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5.  Ground each alarm initiation and notification circu it and verify 

response of trouble signals. 

5.4  FINAL INSPECTION AND ACCEPTANCE 

A.  Prior to final acceptance a minimum 30 day "burn-in " period shall be 

provided. The purpose shall be to allow equipment t o stabilize and 

potential installation and software problems and eq uipment malfunctions 

to be identified and corrected. During this diagnos tic period, all 

system operations and malfunctions shall be recorde d. Final acceptance 

will be made upon successful completion of the "bur n-in" period and 

where the last 14 days is without a system or equip ment malfunction. 

B.  At the final inspection a factory trained represent ative of the 

manufacturer of the major equipment shall repeat th e tests in Article 

3.3 TESTS and those required by NFPA 72. In additio n the representative 

shall demonstrate that the systems function properl y in every respect. 

The demonstration shall be made in the presence of a VA representative. 

5.5  INSTRUCTION 

A.  The manufacturer's authorized representative shall provide instruction 

and training to the VA as follows: 

1.  Six 1-hour sessions to engineering staff, security police and 

central attendant personnel for simple operation of  the system. Two 

sessions at the start of installation, 2 sessions a t the completion 

of installation and 2 sessions 3 months after the c ompletion of 

installation. 

2.  Four 2-hour sessions to engineering staff for detai led operation of 

the system. Two sessions at the completion of insta llation and 2 

sessions 3 months after the completion of installat ion. 

3.  Three 8-hour sessions to electrical technicians for  maintaining, 

programming, modifying, and repairing the system at  the completion 

of installation and one 8-hour refresher session 3 months after the 

completion of installation. 

B.  The Contractor and/or the Systems Manufacturer's re presentative shall 

provide a typewritten "Sequence of Operation" inclu ding a trouble 

shooting guide of the entire system for submittal t o the VA. The 

sequence of operation will be shown for each input in the system in a 

matrix format and provided in a loose leaf binder. When reading the 

sequence of operation, the reader will be able to q uickly and easily 

determine what output will occur upon activation of  any input in the 
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system. The INPUT/OUTPUT matrix format shall be as shown in Appendix A 

to NFPA 72. 

C.  Furnish the services of a competent instructor for instructing 

personnel in the programming requirements necessary  for system 

expansion. Such programming shall include addition or deletion of 

devices, zones, indicating circuits and printer/dis play text. 

PART 6 -  SCHEDULES 

6.1  SMOKE ZONE DESCRIPTIONS: 

6.2  DIGITIZED VOICE MESSAGES: 

A.  Digitized voice messages shall be provided for each  smoke zone of 

Building 1.  Digitized voice messages shall match e xisting building 

system messages. 

6.3  LOCATION OF VOICE MESSAGES: 

Upon receipt of an alarm signal from the building f ire alarm system, 

the voice communication system shall automatically transmit a 3 second 

tone alert and a pre-recorded fire alarm message th roughout the floor 

in alarm, the floor above and the floor below the b uilding. 

 - - END - -  
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SECTION 31 20 11
EARTHWORK 

PART 1 - GENERAL

1.1: DESCRIPTION:

This section specifies the requirements for furnishing all equipment, 

materials, labor and techniques for earthwork including excavation, 

fill, backfill and site restoration utilizing fertilizer, seed and/or 

sod.

1.2 DEFINITIONS:

A. Unsuitable Materials:

1. Fills: Topsoil, frozen materials; construction materials and 

materials subject to decomposition; clods of clay and stones larger 

than 38 mm (1.5 inches); organic materials, including silts, which 

are unstable; and inorganic materials, including silts, too wet to 

be stable.

2. Existing Subgrade (except footings): Same materials as above 

paragraph, that are not capable of direct support of slabs, 

pavement, and similar items, with the possible exception of 

improvement by compaction, proofrolling, or similar methods of 

improvement.

3. Existing Subgrade (footings only): Same as Paragraph 1, but no fill 

or backfill. If materials differ from Geotechnical engineer’s design 

requirements, excavate to acceptable strata subject to Geotechnical 

Engineer's approval.

B. Earthwork: Earthwork operations required within the new construction 

area. It also includes earthwork required for auxiliary structures and 

buildings and sewer and other trenchwork throughout the job site.

C. Degree of Compaction: Degree of compaction is expressed as a percentage 

of maximum density obtained by the test procedure presented in ASTM 

D1557 (modified proctor)

D. The term fill means fill or backfill as appropriate.

1.3 RELATED WORK:

A. Materials testing and inspection during construction: Section 01 45 29, 

TESTING LABORATORY SERVICES.
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B. Safety Requirements: Section 00 72 00, GENERAL CONDITIONS, Article, 

ACCIDENT PREVENTION.

C. Protection of existing utilities, fire protection services, existing 

equipment, roads, and pavements: Section 01 00 00, GENERAL 

REQUIREMENTS.

D. Subsurface Investigation: Section 01 00 00, GENERAL REQUIREMENTS, 

Article, PHYSICAL DATA.

1.4 CLASSIFICATION OF EXCAVATION:

A. Unclassified Excavation: Removal and disposal of pavements and other 

man-made obstructions visible on the surface; utilities, and other 

items including underground structures indicated to be demolished and 

removed; together with any type of materials regardless of character of 

material and obstructions encountered.

1.5 MEASUREMENT AND PAYMENT FOR EXCAVATION:

Measurement: The unit of measurement for excavation and borrow will be 

the cubic yard, computed by the average end area method from cross 

sections taken before and after the excavation and borrow operations, 

including the excavation for ditches, gutters, and channel changes, 

when the material is acceptably utilized or disposed of as herein 

specified.  Quantities should be computed by a Registered Professional 

Land Surveyor or Registered Civil Engineer, specified in Section 01 00 

00, GENERAL REQUIREMENTS. The measurement will not include the volume 

of subgrade material or other material used for purposes other than 

directed.  The volume of overburden stripped from borrow pits and the 

volume of excavation for ditches to drain borrow its, unless used as 

borrow material, will not be measured for payment.  The measurement 

will not include the volume of any excavation performed prior to taking 

of elevations and measurements of the undisturbed grade.

1.7 SUBMITTALS:

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT 

DATA, AND SAMPLES.

B. Contractor shall submit procedure and location for disposal of unused 

satisfactory material. Proposed source of borrow material. Notification 

of encountering rock in the project.  Advance notice on the opening of 

excavation or borrow areas. Advance notice on shoulder construction for 

rigid pavements.
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D. Furnish to Geotechnical Engineer, soil samples, suitable for laboratory 

tests, of proposed off site or on site fill material.

E. Qualifications of the commercial testing laboratory or Contractor’s 

Testing facility shall be submitted.

1.8 APPLICABLE PUBLICATIONS:

A. Publications listed below form a part of this specification to the 

extent referenced. Publications are referenced in the text by the basic 

designation only.

B. American Nursery and Landscape Association (ANLA):

2004 ...................American Standard for Nursery Stock

C. American Association of State Highway and Transportation Officials 

(AASHTO):

T99-10 .................Moisture-Density Relations of Soils Using a 2.5 

kg (5.5 lb) Rammer and a 305 mm (12 inch) Drop 

T180-10 ................Standard Method of Test for Moisture-Density 

Relations of Soils Using a 4.54-kg [10 lb] 

Rammer and a 457 mm (18 inch) Drop

D. American Society for Testing and Materials (ASTM):

C33-03 .................Concrete Aggregate

D698-e1 ................Laboratory Compaction Characteristics of Soil 

Using Standard Effort

D1140-00 ...............Amount of Material in Soils Finer than the No. 

200 (75-micrometer) Sieve

D1556-00 ...............Standard Test Method for Density and Unit 

Weight of Soil in Place by the Sand-Cone Method 

D1557-09 ...............Laboratory Compaction Characteristics of Soil 

Using Modified Effort

D2167-94 (2001) ........Standard Test Method for Density and Unit 

Weight of Soil in Place by the Rubber Balloon 

Method

D2487-06 ...............Standard Classification of Soil for Engineering 

Purposes (Unified Soil Classification System) 

D6938-10 ...............Standard Test Methods for Density of Soil and 

Soil-Aggregate in Place by Nuclear Methods 

(Shallow Depth) 
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E. Standard Specifications of South Dakota - State

Department of Transportation, latest revision. 

PART 2 - PRODUCTS

2.1 MATERIALS:

A. Fills: Materials approved from on site and off site sources having a 

Unified Soil Classification (ASTM D2487) of CL or ML or CL-ML and a 

maximum Plasticity Index of 23, and a maximum Liquid Limit of 43. 

Unacceptable material classifications are OL, OH, CH, CH, or PT..

B. Granular Fill:

1. Under concrete slab, granular fill shall consist of clean, poorly 

graded crushed rock, crushed gravel, or uncrushed gravel placed 

beneath a building slab with or without a vapor barrier to cut off 

the capillary flow of pore water to the area immediately below.  

Fine aggregate grading shall conform to ASTM C33 with a maximum of 3 

percent by weight passing ASTM D1140, 75 micrometers (No. 200) 

sieve, and no more than 2 percent by weight passing the 4.75 mm (No. 

4) size sieve.

2. Bedding for sanitary and storm sewer pipe, crushed stone or gravel 

graded from 13 mm (1/2 inch) to 4.75 mm (No. 4).

C. Sod: Comparable species with existing turf. Use State Certified or 

State Approved sod when available. Deliver sod to site immediately 

after cutting and in a moist condition. Thickness of cut must be 19 mm 

to 32 mm (3/4 inch to 1 1/4 inches) excluding top growth. There shall 

be no broken pads and torn or uneven ends. 

D. Requirements For Offsite Soils: Offsite soils brought in for use as 

backfill shall be tested for TPH, BTEX and full TCLP including 

ignitability, corrosivity and reactivity. Backfill shall contain less 

than 100 parts per million (ppm) of total hydrocarbons (TPH) and less 

than 10 ppm of the sum of Benzene, Toleune, Ethyl Benzene, and Xylene 

(BTEX)and shall not fail the TCLP test.  TPH concentrations shall be 

determined by using EPA 600/4-79/020 Method 418.1.  BTEX concentrations 

shall be determined by using EPA SW-846.3-3a Method5030/8020.  TCLP 

shall be performed in accordance with EPA SW-846.3-3a Method 1311.  

Provide Borrow Site Testing for TPH, BTEX and TCLP from a composite 
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sample of material from the borrow site, with at least one test from 

each borrow site.   

E. Warning Tape for Metallic Piping:  Acid and alkali-resistant 

polyethylene plastic tape conforming to the width, color, and printing 

requirements specified above.  Minimum thickness of tape shall be 0.076 

mm (0.003 inch).  Tape shall have a minimum strength of 10.3 MPa (1500 

psi) lengthwise, and 8.6 MPa (1250 psi) crosswise, with a maximum 350 

percent elongation. 

F. Detectable Warning Tape for Non-Metallic Piping: Polyethylene plastic 

tape conforming to the width, color, and printing requirements 

specified above.  Minimum thickness of the tape shall be 0.102 mm 

(0.004 inch). Tape shall have a minimum strength of 10.3 MPa (1500 psi) 

lengthwise and 8.6 MPa (1250 psi) crosswise.  Tape shall be 

manufactured with integral wires, foil backing, or other means of 

enabling detection by a metal detector when tape is buried up to 0.9 

m(3 feet) deep.  Encase metallic element of the tape in a protective 

jacket or provide with other means of corrosion protection. 

G. Detection Wire For Non-Metallic Piping:  Detection wire shall be 

Insulated single strand, solid copper with a minimum of 12 AWG.  

PART 3 - EXECUTION

3.1 SITE PREPARATION:

A. Clearing: Clearing within the limits of earthwork operations as 

described or designated by the COR. Work includes removal of trees, 

shrubs, fences, foundations, incidental structures, paving, debris, 

trash and any other obstructions. Remove materials from the Medical 

Center.

B. Grubbing: Remove stumps and roots 75 mm (3 inches) and larger diameter. 

Undisturbed sound stumps, roots up to 75 mm (3 inches) diameter, and 

nonperishable solid objects which will be a minimum of 900 mm (3 feet) 

below subgrade or finished embankment may be left. 

C. Trees and Shrubs: Trees and shrubs, not shown for removal, may be 

removed from the areas within 4500 mm (15 feet) of new construction and 

2250 mm (7’-6”) of utility lines if such removal is approved in advance 

by the COR. Remove materials from the Medical Center Trees and shrubs, 
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shown to be transplanted, shall be dug with a ball of earth and 

burlapped in accordance with the latest issue of the, "American 

Standard for Nursery Stock", of the American Association of Nurserymen, 

Inc. Transplant trees and shrubs to a permanent or temporary position 

within two hours after digging. Maintain trees and shrubs held in 

temporary locations by watering as necessary and feeding semi-annually 

with liquid fertilizer with a minimum analysis of 5 percent nitrogen, 

10 percent phosphorus and 5 percent potash. Maintain plants moved to 

permanent positions as specified for plants in temporary locations 

until the conclusion of the contract. Box, and otherwise protect from 

damage, existing trees and shrubs which are not shown to be removed in 

the construction area. Repair immediately damage to existing trees and 

shrubs by trimming, cleaning and painting damaged areas, including the 

roots, in accordance with standard industry horticultural practice for 

the geographic area and plant species. Building materials shall not be 

stored closer to trees and shrubs that are to remain, than the farthest 

extension of their limbs.

D. Stripping Topsoil: Unless otherwise indicated on the drawings, the 

limits of earthwork operations shall extend anywhere the existing grade 

is filled or cut or where construction operations have compacted or 

otherwise disturbed the existing grade or turf. Strip topsoil as 

defined herein, or as indicated in the geotechnical report, from within 

the limits of earthwork operations as specified above unless 

specifically indicated or specified elsewhere in the specifications or 

shown on the drawings. Topsoil shall be fertile, friable, natural 

topsoil of loamy character and characteristic of the locality. Topsoil 

shall be capable of growing healthy horticultural crops of grasses. 

Stockpile topsoil and protect as directed by the COR. Eliminate foreign 

material, such as weeds, roots, stones, subsoil, frozen clods, and 

similar foreign materials, larger than 0.014 m3 (1/2 cubic foot) in 

volume, from soil as it is stockpiled. Retain topsoil on the station. 

Remove foreign materials larger than 50 mm (2 inches) in any dimension 

from topsoil used in final grading. Topsoil work, such as stripping, 

stockpiling, and similar topsoil work, shall not, under any 

circumstances, be carried out when the soil is wet so that the tilth of 

the soil will be destroyed.
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1. Concrete Slabs and Paving: Score deeply or saw cut to insure a neat, 

straight cut, sections of existing concrete slabs and paving to be 

removed where excavation or trenching occurs. Extend pavement 

section to be removed a minimum of 300 mm (12 inches) on each side 

of widest part of trench excavation and insure final score lines are 

approximately parallel unless otherwise indicated. Remove material 

from the Medical Center.

E. Disposal: All materials removed from the property shall be disposed of 

at a legally approved site, for the specific materials, and all 

removals shall be in accordance with all applicable Federal, State and 

local regulations. 

3.2 EXCAVATION:

A. Shoring, Sheeting and Bracing: Shore, brace, or slope to its angle of 

repose banks of excavations to protect workmen, banks, adjacent paving, 

structures, and utilities, in compliance with OSHA requirements.

1. Extend shoring and bracing to the bottom of the excavation. Shore 

excavations that are carried below the elevations of adjacent 

existing foundations.

2. If the bearing of any foundation is disturbed by excavating, 

improper shoring or removal of shoring, placing of backfill, and 

similar operations, provide a concrete fill support under disturbed 

foundations, as directed by COR, at no additional cost to the 

Government. Do not remove shoring until permanent work in excavation 

has been inspected and approved by COR.

B. Excavation Drainage: Operate pumping equipment when subgrade for 

foundations has been disturbed by water, remove the disturbed material 

to firm undisturbed material after the water is brought under control. 

Replace disturbed subgrade in trenches by mechanically tamped sand or 

gravel. Groundwater flowing toward or into excavations shall be 

controlled to prevent sloughing of excavation slopes and walls, boils, 

uplift and heave in the excavation and to eliminate interference with 

orderly progress of construction.  French drains, sumps, ditches or 

trenches will not be permitted within 0.9 m (3 feet) of the foundation 

of any structure, except with specific written approval, and after 

specific contractual provisions for restoration of the foundation area 
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have been made.  Control measures shall be taken by the time the 

excavation reaches the water level in order to maintain the integrity 

of the in situ material.

C. Blasting: Blasting shall not be permitted. 

D. Building Earthwork:

1. Excavation shall be accomplished as required by drawings and 

specifications.

2. Excavate foundation excavations to solid undisturbed subgrade.

3. Remove loose or soft material to solid bottom.

4. Fill excess cut under footings or foundations with 25 MPa (3000 psi) 

concrete, poured separately from the footings.

3. Do not tamp earth for backfilling in footing bottoms, except as 

specified.

E. Trench Earthwork:

1. Utility trenches (except sanitary and storm sewer):

a. Excavate to a width as necessary for sheeting and bracing and 

proper performance of the work.

b. Grade bottom of trenches with bell-holes, scooped-out to provide 

a uniform bearing.

c. Support piping on suitable undisturbed earth unless a mechanical 

support is shown. Unstable material removed from the bottom of 

the trench or excavation shall be replaced with select granular 

material placed in layers not exceeding 150 mm (6 inches) loose 

thickness.

d. The length of open trench in advance of pipe laying shall not be 

greater than is authorized by the COR.

e. Provide buried utility lines with utility identification tape.  

Bury tape 300 mm (12 inches) below finished grade; under 

pavements and slabs, bury tape 150 mm (6 inches) below top of 

subgrade

f. Bury detection wire directly above non-metallic piping at a 

distance not to exceed 300 mm (12 inches) above the top of pipe.  

The wire shall extend continuously and unbroken, from manhole to 

manhole.  The ends of the wire shall terminate inside the 

manholes at each end of the pipe, with a minimum of 0.9 m (3 
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feet) of wire, coiled, remaining accessible in each manhole.  The 

wire shall remain insulated over it's entire length.   The wire 

shall enter manholes between the top of the corbel and the frame, 

and extend up through the chimney seal between the frame and the 

chimney seal.  For force mains, the wire shall terminate in the 

valve pit at the pump station end of the pipe.

g. Initial backfill material shall be placed and compacted with 

approved tampers to a height of at least one foot above the 

utility pipe or conduit.  The backfill shall be brought up evenly 

on both sides of the pipe for the full length of the pipe.  Care 

shall be taken to ensure thorough compaction of the fill under 

the haunches of the pipe.  Except as specified otherwise in the 

individual piping section, provide bedding for buried piping in 

accordance with AWWA C600 or Local requirements, Type 4, except 

as specified herein.  Backfill to top of pipe shall be compacted 

to 85 percent of ASTM D1557 maximum density.  Provide materials 

as follows:

1) Class I:  Angular, 6 to 40 mm (0.25 to 1.5 inches), graded 

stone, including a number of fill materials that have regional 

significance such as coral, slag, cinders, crushed stone, and 

crushed shells.

2) Class II:  Coarse sands and gravels with maximum particle size 

of 40 mm (1.5 inches), including various graded sands and 

gravels containing small percentages of fines, generally 

granular and noncohesive, either wet or dry.  Soil Types GW, 

GP, SW, and SP are included in this class as specified in ASTM 

D 2487.

3) Clean, coarse-grained sand classified as SW or SP by ASTM D 

2487 for bedding and backfill as indicated.

4) Clean, coarsely graded natural gravel, crushed stone or a 

combination thereof identified as GWor GP in accordance with 

ASTM D 2487 for bedding and  backfill as indicated.  Maximum 

particle size shall not exceed 75  mm  (3 inches).

2. Sanitary and storm sewer trenches:
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a. Trench width below a point 150 mm (6 inches) above top of the 

pipe shall be 600 mm (24 inches) for up to and including 300 mm 

(12 inches) diameter and four-thirds diameter of pipe plus 200 mm 

(8 inches) for pipe larger than 300 mm (l2 inches). Width of 

trench above that level shall be as necessary for sheeting and 

bracing and proper performance of the work.

b. The bottom quadrant of the pipe shall be bedded on suitable 

undisturbed soil or granular fill. Unstable material removed from 

the bottom of the trench or excavation shall be replaced with 

select granular material placed in layers not exceeding 150 mm (6 

inches) loose thickness.

1) Undisturbed: Bell holes shall be no larger than necessary for 

jointing. Backfill up to a point 300 mm (12 inches) above top 

of pipe shall be clean earth placed and tamped by hand.

2) Granular Fill: Depth of fill shall be a minimum of 75 mm (3 

inches) plus one-sixth of pipe diameter below the pipe of 300 

mm (12 inches) above top of pipe. Place and tamp fill material 

by hand.

c. Place and compact as specified the remainder of backfill using 

acceptable excavated materials. Do not use unsuitable materials.

d. Use granular fill for bedding where rock or rocky materials are 

excavated.

e. Provide buried utility lines with utility identification tape.  

Bury tape 300 mm (12 inches) below finished grade; under 

pavements and slabs, bury tape 150 mm (6 inches) below top of 

subgrade

f. Bury detection wire directly above non-metallic piping at a 

distance not to exceed 300 mm (12 inches) above the top of pipe.  

The wire shall extend continuously and unbroken, from manhole to 

manhole.  The ends of the wire shall terminate inside the 

manholes at each end of the pipe, with a minimum of 0.9 m (3 

feet) of wire, coiled, remaining accessible in each manhole.  The 

wire shall remain insulated over its entire length.   The wire 

shall enter manholes between the top of the corbel and the frame, 

and extend up through the chimney seal between the frame and the 
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chimney seal.  For force mains, the wire shall terminate in the 

valve pit at the pump station end of the pipe.

g. Initial backfill material shall be placed and compacted with 

approved tampers to a height of at least one foot above the 

utility pipe or conduit.  The backfill shall be brought up evenly 

on both sides of the pipe for the full length of the pipe.  Care 

shall be taken to ensure thorough compaction of the fill under 

the haunches of the pipe.  Except as specified otherwise in the 

individual piping section, provide bedding for buried piping in 

accordance with AWWA C600, Type 4, except as specified herein.  

Backfill to top of pipe shall be compacted to 85 percent of ASTM 

D1557 maximum density.  Plastic piping shall have bedding to 

spring line of pipe.  Provide materials as follows:

1) Class I:  Angular, 6 to 40 mm (0.25 to 1.5 inches), graded 

stone, including a number of fill materials that have regional 

significance such as coral, slag, cinders, crushed stone, and 

crushed shells.

2) Class II:  Coarse sands and gravels with maximum particle size 

of 40 mm (1.5 inches), including various graded sands and 

gravels containing small percentages of fines, generally 

granular and noncohesive, either wet or dry.  Soil Types GW, 

GP, SW, and SP are included in this class as specified in ASTM 

D2487.

3) Clean, coarse-grained sand classified as SW or SP by ASTM D 

487 for bedding and backfill as indicated.

4) Clean, coarsely graded natural gravel, crushed stone or a 

combination thereof identified as GW GP in accordance with 

ASTM D2487 for bedding and backfill as indicated.  /aximum 

particle size shall not exceed 75  mm (3 inches).

F. Site Earthwork: Excavation shall be accomplished as required by 

drawings and specifications. Remove subgrade materials that are 

determined by the COR as unsuitable, and replace with acceptable 

material. If there is a question as to whether material is unsuitable 

or not, the Contractor shall obtain samples of the material, under the 

direction of the COR, and the materials shall be examined by an 
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independent testing laboratory for soil classification to determine 

whether it is unsuitable or not.  Testing of the soil shall be 

performed by the VA Testing Laboratory.  When unsuitable material is 

encountered and removed, the contract price and time will be adjusted 

in accordance with Articles, DIFFERING SITE CONDITIONS, CHANGES and 

CHANGES-SUPPLEMENT of the GENERAL CONDITIONS as applicable. Adjustments 

to be based on meters (yardage) in cut section only.

G. Finished elevation of subgrade shall be as follows:

1. Pavement Areas - bottom of the pavement or base course as 

applicable.

2. Planting and Lawn Areas - 100 mm (4 inches) below the finished 

grade, unless otherwise specified or indicated on the drawings.

3.3 FILLING AND BACKFILLING:

A. General: Do not fill or backfill until all debris, unsatisfactory soil 

materials, obstructions, and deleterious materials have been removed 

from the excavation. Proof-roll exposed subgrades with a fully loaded 

dump truck. Use excavated materials or borrow for fill and backfill, as 

applicable. Do not use unsuitable excavated materials. Do not backfill 

until foundation walls have been completed above grade and adequately 

braced, waterproofing or dampproofing applied, and pipes coming in 

contact with backfill have been installed, and inspected and approved 

by COR.

B. Proof-rolling Existing Subgrade: - Proof rolling shall be done on an 

exposed subgrade free of surface water (wet conditions resulting from 

rainfall) which would promote degradation of an otherwise acceptable 

subgrade.  After stripping, proof roll the existing subgrade  with six 

passes of a dump truck loaded with 6 cubic meters (4 cubic yards) of 

soil 13.6 meter tons (15 ton), pneumatic-tired roller.  Operate the 

roller truck in a systematic manner to ensure the number of passes over 

all areas, and at speeds between 4 to 5.5 km/hour (2 1/2 to 3 1/2 mph).  

When proof rolling, one-half of the passes made with the roller shall 

be in a direction perpendicular to the other passes.  Notify the COR a 

minimum of 3 days prior to proof rolling.  Proof rolling shall be 

performed in the presence of the COR.  Rutting or pumping of material 

shall be undercut as directed by the COR  and replaced with fill and 

backfill select material.  
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C. Placing: Place material in horizontal layers not exceeding 200 mm (8 

inches) in loose depth and then compacted. Do not place material on 

surfaces that are muddy, frozen, or contain frost.

D. Compaction: Use approved equipment (hand or mechanical) well suited to 

the type of material being compacted. Do not operate mechanized 

vibratory compaction equipment within 3000 mm (10 feet) of new or 

existing building walls without the prior approval of the COR. Moisten 

or aerate material as necessary to provide the moisture content that 

will readily facilitate obtaining the specified compaction with the 

equipment used. Compact each layer to not less than 85 percent of the 

maximum density determined in accordance with the following test method 

ASTM D1557. Backfill 12” below and adjacent to any and all types of 

structures and pavement shall be placed and compacted to at least 90 

percent laboratory maximum density for cohesive material in accordance 

with ASTM D1557, or 95 percent laboratory maximum density for 

cohesionless materials to prevent wedging action or eccentric loading 

upon or against the structure.

E. Borrow Material: Borrow material shall be selected to meet the 

requirements and conditions of the particular fill or embankment for 

which it is to be used.  Borrow material shall be obtained from the 

borrow areas shown on drawings within the limits of the project site, 

selected by the Contractor or from approved private sources.  Unless 

otherwise provided in the contract, the Contractor shall obtain from 

the owners the right to procure material, pay royalties and other 

charges involved, and bear the expense of developing the sources, 

including rights-of-way for hauling.  Borrow material from approved 

sources on Government-controlled land may be obtained without payment 

of royalties.  Unless specifically provided, no borrow shall be 

obtained within the limits of the project site without prior written 

approval.  Necessary clearing, grubbing, and satisfactory drainage of 

borrow pits and the disposal of debris thereon shall be considered 

related operations to the borrow excavation.

F. Opening and Drainage of Excavation and Borrow Pits: The Contractor 

shall notify the COR sufficiently in advance of the opening of any 

excavation or borrow pit to permit elevations and measurements of the 
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undisturbed ground surface to be taken.  Except as otherwise permitted, 

borrow pits and other excavation areas shall be excavated providing 

adequate drainage.  Overburden and other spoil material shall be 

transported to designated spoil areas or otherwise disposed of as 

directed.  Borrow pits shall be neatly trimmed and drained after the 

excavation is completed.  The Contractor shall ensure that excavation 

of any area, operation of borrow pits, or dumping of spoil material 

results in minimum detrimental effects on natural environmental 

conditions.

3.4 GRADING:

A. General: Uniformly grade the areas within the limits of this section, 

including adjacent transition areas. Smooth the finished surface within 

specified tolerance. Provide uniform levels or slopes between points 

where elevations are indicated, or between such points and existing 

finished grades. Provide a smooth transition between abrupt changes in 

slope.

B. Cut rough or sloping rock to level beds for foundations. In unfinished 

areas fill low spots and level off with coarse sand or fine gravel.

C. Slope backfill outside the building away from the building walls for a 

minimum distance of 3048 mm (10 feet)at a minimum five percent (5%) 

slope.

D. The finished grade shall be 150 mm (6 inches) below bottom line of 

windows or other building wall openings unless greater depth is shown.

E. Place crushed stone or gravel fill under concrete slabs on grade tamped 

and leveled. The thickness of the fill shall be 150 mm (6 inches), 

unless otherwise indicated.

F. Finish subgrade in a condition acceptable to the COR at least one day 

in advance of the paving operations. Maintain finished subgrade in a 

smooth and compacted condition until the succeeding operation has been 

accomplished. Scarify, compact, and grade the subgrade prior to further 

construction when approved compacted subgrade is disturbed by 

contractor's subsequent operations or adverse weather.

G. Grading for Paved Areas: Provide final grades for both subgrade and 

base course to +/- 6 mm (0.25 inches) of indicated grades.



10-01-12
Renovate Tower of Building 1

VAMC, Sioux Falls, SD
VA Project #438-18-102

31 20 11 - 15

3.5 LAWN AREAS:

A. General: Harrow and till to a depth of 100 mm (4 inches), new or 

existing lawn areas to remain, which are disturbed during construction. 

Establish existing or design grades by dragging or similar operations. 

Do not carry out lawn areas earthwork out when the soil is wet so that 

the tilth of the soil will be destroyed. Plant bed must be approved by 

COR before seeding or sodding operation begins.

B. Finished Grading: Begin finish grading after rough grading has had 

sufficient time for settlement. Scarify subgrade surface in lawn areas 

to a depth of 100 mm (4 inches). Apply topsoil so that after normal 

compaction, dragging and raking operations (to bring surface to 

indicated finish grades) there will be a minimum of 100 mm (4 inches) 

of topsoil over all lawn areas; make smooth, even surface and true 

grades, which will not allow water to stand at any point. Shape top and 

bottom of banks to form reverse curves in section; make junctions with 

undisturbed areas to conform to existing topography. Solid lines within 

grading limits indicate finished contours. Existing contours, indicated 

by broken lines are believed approximately correct but are not 

guaranteed.

C. Fertilizing: Incorporate fertilizer into the soil to a depth of 100 mm 

(4 inches) at a rate of 12 kg/100 m2 (25 pounds per 1000 square feet).

D. Seeding: Seed at a rate of 2 kg/100 m2 (4 pounds per 1000 square feet) 

and accomplished only during periods when uniform distribution may be 

assured. Lightly rake seed into bed immediately after seeding. Roll 

seeded area immediately with a roller not to exceed 225 kg/m (150 

pounds per foot) of roller width.

E. Sodding: Topsoil shall be firmed by rolling and during periods of high 

temperature the topsoil shall be watered lightly immediately prior to 

laying sod. Sod strips shall be tightly butted at the ends and 

staggered in a running bond fashion. Placement on slopes shall be from 

the bottom to top of slope with sod strips running across slope. Secure 

sodded slopes by pegging or other approved methods. Roll sodded area 

with a roller not to exceed 225 kg/m (150 pounds per foot) of the 

roller width to improve contact of sod with the soil.
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F. Watering: The COR is responsible for having adequate water available at 

the site. As sodding is completed in any one section, the entire sodded 

area shall be thoroughly irrigated by the contractor, to a sufficient 

depth, that the underside of the new sod pad and soil, immediately 

below sod, is thoroughly wet. COR will be responsible for sod after 

installation and acceptance.

3.6 DISPOSAL OF UNSUITABLE AND EXCESS EXCAVATED MATERIAL:

A. Disposal: Remove surplus satisfactory soil and waste material, 

including unsatisfactory soil, trash, and debris, and legally dispose 

of it off  Medical Center property.

B. Place excess excavated materials suitable for fill and/or backfill on 

site where directed.

C. Remove from site and dispose of any excess excavated materials after 

all fill and backfill operations have been completed.

D. Segregate all excavated contaminated soil designated by the COR from 

all other excavated soils, and stockpile on site on two 0.15 mm (6 mil) 

polyethylene sheets with a polyethylene cover. A designated area shall 

be selected for this purpose. Dispose of excavated contaminated 

material in accordance with State and Local requirements.

3.7 CLEAN-UP:

Upon completion of earthwork operations, clean areas within contract 

limits, remove tools, and equipment. Provide site clear, clean, free of 

debris, and suitable for subsequent construction operations. Remove 

debris, rubbish, and excess material from the Medical Center Property .

- - - E N D - - -
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SECTION 31 62 16.11
STEEL HELICAL PILES

PART 1 - GENERAL 

1.1 SUMMARY: 

The work consists of designing, furnishing, installing, and testing helical 

piles used to support foundation loads (compression, tension and lateral), and 

any ancillary materials (e.g., load transfer devices, etc.) according to the 

project plans provided and these specifications.  Unless otherwise noted, the 

installing contractor shall provide all labor, tools, equipment and materials 

necessary to install the required piles.

The parties referred to in this specification are as follows:

 The pile designer is the individual or firm generally hired by the 

installing contractor to design the helical piles.

 Installing contractor installs and tests (if necessary) the helical 

piles, and possibly tasks associated with the project. 

The Contracting Officer Representative (COR) will provide suitable access to 

the construction site for the installing contractor’s personnel and equipment.  

Unless specifically noted otherwise in the contract documents, the Contractor 

will remove and replace any structures, utilities, pavements, landscaping or 

other surficial improvements in the work area as necessary to facilitate the 

work.  The Contractor will be responsible for overall construction oversight 

to minimize potential for developing unsafe conditions.  The work may include 

post-construction monitoring of pile performance if required by the COR or the 

pile designer to confirm performance of the piles subsequent to their 

installation. The work may also include installation of additional piles if 

the initial installation does not meet specified capacity or performance 

requirements.  Responsibility for providing subsurface investigation shall be 

addressed in the bid documents.  The COR is responsible for providing to the 

installing contractor all available subsurface soils, rock and groundwater 

information and geotechnical testing data. 

PART 2 - DEFINITIONS

A schematic drawing of a helical pile showing pile components is provided as 

Figure 2.  Several commonly used design and construction terms are defined 
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below.  Helical piles are installed by screwing the pile assembly into the 

soil with crowd to resist applied loads through bearing of the helical plates 

and skin friction on the shaft (as applicable) in the soil or highly weathered 

rock in which they are embedded.  When rotated in the ground, the helical 

shape provides thrust along its longitudinal axis thus aiding in pile 

installation.

Figure 2.  Typical helical pile components.
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Bearing Stratum: The soil or highly weathered rock layer which provides the 

axial tension resistance for the installed helical pile.

 

Crowd: Axial compressive force or pressure applied to the helical pile as 

needed during installation to ensure the pile advances into the ground a 

minimum of 80% of the distance equal to the helix pitch for each revolution.

Deflection: the axial displacement of the pile as measured at the pile head 

at applied load.

Effective Torsional Resistance: The average installation torque typically 

taken over a distance equal to the last three diameters of penetration of the 

largest helix plate as close to or in the specified bearing stratum.

Extension Section: Helical pile component that connects the lead section to 

the load transfer device.  Extension sections may be plain (without helix 

plates) or helical (including one or more helix plates).

Factored Load: Service load times the required load factor.

Geotechnical Capacity (a.k.a. Ultimate Soil Capacity): The maximum load that 

can be resisted through the bearing of the helix plates and skin friction on 

the shaft (as applicable) in the soil or highly weathered rock in which they 

are embedded (as characterized by the available subsurface soils, rock and 

groundwater information and geotechnical testing data) without exceeding the 

specified performance criteria. 

Helical Pile (a.k.a. helical pier or screw pile): Consists of 1) one or more 

helix plates attached to a central shaft and 2) load transfer device for 

attachment to a structure.  May also include surface coating or other corrosion 

protection means.  

Helix Plate (Helices): Generally round steel plate formed into a helical spiral 

and welded to the central steel shaft.

 

Installation Angle: angle of inclination between the longitudinal axis of the 

helical pile and the horizontal.



Renovate Tower of Building 1
VAMC, Sioux Falls, SD

VA Project #438-18-102

        31 62 16.11 - 4

Lead Section: The first helical pile component installed into the soil. It 

consists of one or more helical plates welded to the central steel shaft.

Limit State: A condition beyond which a helical pile component or interface 

becomes no longer useful for its intended function (serviceability limit state) 

or to be unsafe (strength limit state).

Loads: Forces or other actions as defined by the Architect/Engineer that must 

be resisted by the piles.  Permanent loads are those loads in which variations 

over time are rare or of small magnitude.  All other loads are variable loads 

(see also Service Load below).

Load Factor: A factor that accounts for deviations of the actual load from the 

service load (Load Resistance Factor Design).

Load Test: A procedure to test the capacity and relation of load to deflection 

by applying a load (compression, tension and/or lateral) on the helical pile.

Mechanical Strength: The maximum compressive, tension and/or lateral load that 

can be resisted by the structural elements of a helical pile.

Reveal: The distance from ground surface to the end of the last installed 

extension of a pile, measured along the pile’s longitudinal axis.

Pitch: The distance measured along the axis of the shaft between the leading 

and trailing edges of the helix plate.

Safety Factor: The ratio of the ultimate resistance to the service load used 

for the design of any helical pile component or interface (Allowable Stress 

Design).

Service Load: The total magnitude of the un-factored loads determined by the 

Architect/Engineer that must be resisted by the piles.
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Torque: The measure of the rotational force times the moment arm needed to 

overcome the shear strength of the soil (ft-lb, N-m].  Torque is used in an 

empirical approach for predicting the ultimate capacity of a helical pile.

Ultimate Resistance: Limit state based on the lesser of mechanical strength 

or geotechnical capacity of the helical pile defined as the point at which no 

additional load can be applied without exceeding the specified performance 

criteria.

PART 3 - DESIGN AND PERFORMANCE REQUIREMENTS

A. Helical piles shall be designed (overall pile length, helix configuration 

and minimum effective torsional resistance) to support the service load(s) 

with the applicable factor of safety as shown on the project plans.  

B. Except where noted otherwise on the project plans, all pile components 

shall be designed to provide a minimum safety factor for mechanical strength 

of 3.0.  

C. Except where noted otherwise on the project plans, all piles shall be 

designed and installed to provide a minimum safety factor for ultimate 

applied load resistance of 3.0, a maximum axial deflection at service load 

of 3/8 inch, and must satisfy the deflection criteria as stated on the 

plans or drawings.

D. Except where noted otherwise on the project plans, each pile shall be 

designed to meet a corrosion service life of 50 years 

E. The helical pile foundation design shall take into account pile spacing, 

soil stratification, long term soil consolidation, corrosion, settlement, 

and strain compatibility issues as are present for the project.

F. If on-site load testing is to be performed, the piles shall be designed 

such that the maximum test load does not exceed 90% of the manufacturer’s 

rated mechanical strength of any pile component or load transfer device.

PART 4 - PLACEMENT REQUIREMENTS

When helical pile placement is shown on the project plans, production piles 

shall be placed such that the pile head is within 3 inches laterally and 

longitudinally and 1/2 inches vertically to plan; and the pile shaft alignment 

is within 1 degrees of the installation angle shown on the project plans.  When 

pile placement is not shown on the project plans, the placements, alignments 
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and their respective tolerances shall be included as part of the design 

submittal. 

PART 5 - PRECONSTRUCTION SUBMITTALS

The installing contractor and/or pile designer shall submit to the COR a 

proposal including the following submittals, in addition to other 

qualifications as listed in the overall project specifications/plans.  Work 

shall not begin until all the submittals have been received and approved by 

the COR.  All costs associated with incomplete or unacceptable submittals 

shall be the responsibility of the installing contractor.

A. Submittals as evidence of installing contractor’s competence:

A.1 Pile manufacturer’s certificate of competency in installation of 

the manufacturer’s helical piles.

A.2 A list of at least three projects completed successfully within 

the previous three years wherein the installing contractor 

installed helical piles in comparable soil conditions and for 

service loads similar to those shown in the project plans.  The 

list shall include names and phone numbers of those project owners’ 

representatives who can verify the installing contractor’s 

participation in those projects. 

A.3 A letter from the pile manufacturer, pile distributor or 

manufacturer’s representative expressing ability and intent to 

provide on-site supervision of the pile installation.

B. Submittals as evidence of installing contractor’s safety record, 

including a listing of all safety violations reported against the 

installing contractor within the previous three years and the current 

status or final resolutions thereof.  Descriptions of safety improvements 

instituted within the previous three years may also be submitted, at the 

installing contractor’s discretion.

C. Submittals as evidence of pile designer’s competence:

C.1 A recommendation from the pile manufacturer, pile distributor or 

manufacturer’s representative.

C.2 Proof of registration as a Professional Engineer registered in the 

state in which the piles are being installed, and

C.3 A list of at least three projects completed within the previous 

three years wherein the pile designer designed helical piles for 

comparable soil conditions and for service loads similar to those 
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shown in the project plans.  The list shall include names and 

phone numbers of those project owners’ representatives who can 

verify the engineer’s participation in those projects. 

D. Submittals as evidence of pile manufacturer’s competence and capability:

D.1 Proof of at least three years of production experience making 

helical piles.

D.2 Proof that the manufacturer’s helical piles have been used 

successfully in at least three engineered construction projects 

within the last three years. 

D.3 Product evaluation approved by the applicable building code 

authority (e.g., International Code Council Evaluation Services 

(ICC-ES)).

D.4 Product acceptance by the local building code official(s) having 

jurisdiction over the project. 

PART 6 - DESIGN DOCUMENTATION SUBMITTALS

The Installing Contractor and/or pile designer shall submit the following 

helical pile design documentation:

A. For each category of pile, the following shall be submitted:

A.1 Product designations for helix sections, extension sections, and 

all ancillary products to be supplied at each helical pile 

location.

A.2 Individual pile service loads.

A.3 Individual pile loading requirements (if any).

A.4 Manufacturer’s published mechanical strengths for the pile 

assemblies, including load transfer devices, per current ICC-ES 

report, calculations and/or full scale testing.

A.5 Calculated geotechnical capacity of piles based on geotechnical 

information.

A.6 Minimum effective torsional resistance criteria.

A.7 Maximum allowable installation torque of pile.

A.8 Minimum and/or maximum embedment depth/length requirements as 

appropriate for site soil profiles and site-specific minimum 

embedment depth/length. 

A.9 Inclination angle and location tolerance requirements.

B. Drawings showing the proposed pile placements and placement tolerances.  

Known Rights of Way and obstructions (provided by theCOR) shall be 
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identified to demonstrate how the piles will be installed to miss these 

items.

C. Proposed production quality control plan, including method and equipment 

to be used to measure torsional resistance during installation.

D. Procedures and acceptance criteria for any proposed performance and/or 

proof testing. 

E. A design submittal prepared by the helical pile foundation designer 

which shows that the selected piles can be installed to achieve the 

performance requirements (Section 3) of the project plans and this 

specification.  

F. Copies of certified calibration reports for torque measuring equipment 

and load measuring equipment (if required) to be used on the project.  

The calibrations shall be performed within 12 months of the proposed 

starting date for helical pile installation or as recommended by the 

equipment manufacturer based on the proposed starting date.

PART 7 - PILE INSTALLATION

A. Before entering a construction site to begin work, the Installing Contractor 

shall provide proof of insurance coverage as stated in the general 

specifications and/or contract.

B. Installing Contractor shall furnish and install all helical piles per the 

project plans and pile design documentation approved by the COR.  In the 

event of conflict between the project plans and the approved pile design 

documentation, the Installing Contractor shall not begin construction on 

any affected items until such conflict has been resolved.  

C. The Installing Contractor shall conduct construction operations in a manner 

to ensure the safety of persons and property in the vicinity of the work.  

Personnel shall comply with safety procedures that are both in accordance 

with OSHA standards and specified in established project safety plan.  

D. The Installing Contractor shall request marking of underground utilities 

by an underground utility location service (as required by law) and shall 

avoid contact with all marked underground facilities.  It is the 

responsibility of the COR to provide to the Installing Contractor all 

private utility information.  

E. The portion of the construction site occupied by the Installing Contractor, 

his equipment and his material stockpiles shall be kept reasonably clean 

and orderly.
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F. Installation of helical piles may be observed by Architect/Engineer for 

quality assurance purposes.  The Installing Contactor shall notify the 

Architect/Engineer at least 24 hours prior to pile installation operations.  

All helical pile sections and ancillary products shall be marked as 

necessary to allow correlation with the pile design documentation before 

shipment from the manufacturer.

G. The helical pile installation technique shall be such that it is consistent 

with the geotechnical, logistical, environmental, and load carrying 

conditions of the project.  The lead section shall be positioned at the 

location as shown on the pile design drawings.  Inclined helical piles can 

be positioned perpendicular to the ground to assist in initial advancement 

into the soil before the required installation angle shall be established.  

After initial penetration, the required installation angle shall be 

established.  The helical pile sections shall be engaged and advanced into 

the soil in a smooth, continuous manner at a rate of rotation of 5 to 25 

rpm.  Sufficient crowd shall be applied to uniformly advance the helical 

pile sections a minimum of 80% of the distance equal to the pitch of the 

helix plate per revolution.  The rate of rotation and magnitude of crowd 

shall be adjusted for different soil conditions and depths.  Extension 

sections shall be provided to obtain the required minimum overall 

depth/length and minimum effective torsional resistance as shown on the 

project plans.

PART 8 - TERMINATION CRITERIA

The specified minimum overall depth/length criteria and minimum effective 

torsional resistance criterion must be satisfied prior to terminating the 

helical pile installation. In the event any helical pile fails to meet these 

production quality control criteria, the following pre-qualified remedies are 

authorized:

A. If the installation fails to meet the minimum effective torsional 

resistance criterion at the minimum embedment depth/length:

A.1. Continue the installation to greater depth/length in the specified 

bearing stratum until the effective torsional resistance criterion 

is met, provided that continued installation does not exceed 

specified maximum length (if applicable).  Or

A.2. Demonstrate acceptable pile performance through load testing.  Or,
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A.3. Replace the pile with one having a different helix configuration.  

The replacement pile must not exceed any applicable maximum 

embedment length and either (A) be embedded to a length that places 

its last helix at least three times its own diameter beyond the 

position of the first helix of the replaced pile and meet the 

minimum effective torsional resistance criterion, or (B) pass load 

testing.

B. If the torque measured during installation reaches the helical pile’s 

allowable torque rating (as defined in the design submittal) prior to 

reaching the minimum embedment depth/length criterion, with approval 

from the Architect/Engineer, terminate the installation then proceed 

with one of the following recommended actions:

B.1. Replace the pile with one having a shaft with a higher torsional 

strength rating.  This replacement pile must be installed to satisfy 

the minimum embedment depth/length criterion.  It must also be 

embedded to a depth/length that places its last helix at least three 

times its own diameter beyond the position of the first helix of 

the replaced pile without exceeding any applicable maximum embedment 

depth/length requirements and it must meet the minimum effective 

torsional resistance criterion.  Or,

B.2. Replace or modify the pile with one having a different helix 

configuration.  This replacement or modified pile must be installed 

to satisfy the minimum embedment depth/length criterion.  It must 

also be embedded to a depth/length that places its last helix at 

least three times its own diameter beyond the position of the first 

helix of the replaced pile without exceeding any applicable maximum 

embedment depth/length requirements, and it must meet the minimum 

effective torsional resistance criterion.  Or,

B.3. If allowed or approved by the Architect/Engineer, remove and 

reinstall the pile at a position at least three times the diameter 

of the largest helix away from the initial location.  Original 

minimum embedment depth/length and effective torsional resistance 

criteria must be met for the repositioned pile.  This pile 

repositioning may require the installation of additional helical 

piles with service loads adjusted for these spacing changes.

C. If the installation reaches a specified maximum embedment depth/length 

without achieving the minimum effective torsional resistance criterion:
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C.1. If approved by the Architect/Engineer, remove and reinstall the pile 

at a position at least three times the diameter of the largest helix 

away from the initial location.  Original minimum installation 

depth/length and effective torsional resistance criteria must be 

met for the repositioned pile.  This pile repositioning may require 

the installation of additional helical piles with service loads 

adjusted for these spacing changes.  Or,

C.2. Demonstrate acceptable pile performance through proof testing, Or 

C.3. Reduce the load capacity of the helical pile and install additional 

pile as necessary.  The reduced capacity and additional pile 

location shall be subject to the approval of the Architect/Engineer. 

Or,

C.4. Replace the pile with one having a different helix configuration.  

This replacement pile must be embedded to a depth/length that places 

its last helix at least three times its own diameter beyond the 

position of the first helix of the replaced pile.  This replacement 

pile must be installed to satisfy the minimum embedment depth/length 

criterion and it must meet the minimum effective torsional 

resistance criterion.

D. If a helical pile fails to meet acceptance criteria in a performance or 

proof test:

D.1. Install the pile to a greater depth/length and installation torque 

and re-test provided that the maximum embedment depth/length 

criterion (if applicable) is not exceeded.   Or

D.2. Replace the pile with one having more and/or larger helix plates.  

It must be embedded to a depth/length that places its last helix at 

least three times its own diameter beyond the position of the first 

helix of the replaced pile without exceeding any applicable maximum 

embedment depth/length requirements.  This replacement pile must be 

re-tested.  Or,

D.3 If approved by the Architect/Engineer, de-rate the load capacity of 

the helical pile and install additional piles.  Additional piles 

must be installed at positions that are at least three times the 

diameter of the largest helix away from any other pile locations 

and are approved by the Architect/Engineer.  Piles installed in 

cohesive soils shall not be spaced closer than four helix diameters.
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Load testing to qualify a helical pile under any of the remedial actions 

outlined in Section 8 shall not be used to satisfy load testing frequency 

requirements shown in the project plans or the approved design submittals.

If a helical pile fails a production quality control criterion for any other 

reason (including damage during installation), any proposed remedy must be 

approved by the Architect/Engineer prior to implementation.

PART 9 - INSTALLATION RECORD SUBMITTALS

The installing contractor shall provide the Architect/Engineer, copies of 

individual helical pile installation records within 24 hours after each 

installation is completed.  Formal copies shall be submitted within two weeks.  

These installation records shall include, but are not limited to, the following 

information:

A. Date and time of installation.

B. Installation equipment type and operator name.

C. Plan location of helical pile.

D. Pile reveal.

E. As-built helical pile type and configuration.

F. Total length of installed pile.

G. As-built installation angle of pile.

H. Torque measurements at 1 foot intervals over the for the last 10 feet  

of installed length, at a minimum.

I. Effective torsional resistance and calculated geotechnical capacity 

based on effective torsional resistance and/or as derived from the pre-

production test program.

J. Comments pertaining to interruptions, obstructions, or other relevant 

information.

PART 10 - PILE TESTING

If pile testing is required, the Installing Contractor shall furnish all labor, 

equipment and pre-production helical piles necessary to accomplish the testing 

as shown in the previously submitted and approved pile design submittals.  The 

installing contractor shall apply the specified loads for the specified 

durations and record the specified data, for the specified number of piles.  

No deviations from the test plan(s) will be allowed without explicit approval 

in writing from the Architect/Engineer.  Pile testing shall be in accordance 
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with the load-testing procedures and performance requirements deemed suitable 

for the application by the Architect/Engineer, or pile designer.  

Installing Contractor shall provide the Architect/Engineer, copies of field 

test data or reports within 24 hours after completion of each load test.  

Formal test reports shall be submitted within two weeks following test 

completion.  Formal test reports shall include, but are not limited to, the 

following information:

A. Name of project and installing contractor.

B. Name of installing contractor’s supervisor during installation.

C. Name of third party test agency, if any.

D. Type of test (pre-production or production test)

E. Date, time, and duration of test.

F. Unique identifier and location of helical pile tested.

G. Test criteria (performance or proof).

H. Description of calibrated testing equipment and test set-up.

I. Testing equipment calibration data.

J. Actual helical pile type and configuration.

K. Reaction frame/pile installation and verification data, as required by 

Pile Designer. -

L. Steps and duration of each load increment.

M. Incremental and cumulative pile-head movement at each load step.

N. Signatures as required by local jurisdiction

PART 11 - CLEANUP

Within two weeks of completion of the work, the installing contractor shall 

remove any and all material, equipment, tools, building materials, concrete 

forms, debris, or other items belonging to the Installing Contractor or used 

under the Installing Contractor’s direction.

- - E N D - -
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SECTION 32 05 23
CEMENT AND CONCRETE FOR EXTERIOR IMPROVEMENTS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Subbase for concrete pavements.

2. Not Used.

3. Pedestrian Pavement: Walks, grade slabs, steps, and patios.

4. Not Used 

1.2 RELATED REQUIREMENTS

A. Field Testing: Section 01 45 29, TESTING LABORATORY SERVICES.

B. Step Nosings and Railings: Section 05 50 00, METAL FABRICATIONS.

C. Subgrade Preparation and Subbase Compaction: Section 31 20 00, 

EARTHWORK.

1.3 APPLICABLE PUBLICATIONS

A. Comply with references to extent specified in this section.

B. American Association of State Highway and Transportation Officials 

(AASHTO):

1. M147-65-UL-04 - Materials for Aggregate and Soil-Aggregate Subbase, 

Base and Surface Courses.

2. M233-86 - Boiled Linseed Oil Mixture for Treatment of Portland 

Cement Concrete.

C. American Concrete Institute (ACI):

1. 305R-10 - Guide to Hot Weather Concreting.

2. 306R-10 - Guide to Cold Weather Concreting.

D. American National Standards Institute (ANSI):

1. B101.3 - Wet DOCF of Common Hard Surface Floor Materials (Including 

Action and Limit Thresholds for the Suitable Assessment of the 

Measured Values).

E. ASTM International (ASTM):

1. A615/A615M-16 - Deformed and Plain Carbon Steel Bars for Concrete 

Reinforcement.

2. A996/A996M-15 - Rail-Steel and Axle-Steel Deformed Bars for Concrete 

Reinforcement.

3. A1064/A1064M-16 - Carbon-Steel Wire and Welded Wire Reinforcement, 

Plain and Deformed, for Concrete.
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4. C33/C33M-16 - Concrete Aggregates.

5. C94/C94M-16 - Ready Mixed Concrete.

6. C143/C143M-15a - Slump of Hydraulic Cement Concrete.

7. C150/C150M-16 - Portland Cement.

8. C171-16 - Sheet Materials for Curing Concrete.

9. C260/C260M-10a - Air Entraining Admixtures for Concrete.

10. C309-11 - Liquid Membrane Forming Compounds for Curing Concrete.

11. C494/C494M-15a - Chemical Admixtures for Concrete.

12. C618-15 - Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use 

in Concrete.

13. C979/C979M-16 - Pigments for Integrally Colored Concrete.

14. C989/C989M-14 - Slag Cement for Use in Concrete and Mortars.

15. C1240-15 - Silica Fume Used in Cementitious Mixtures.

16. D1751-04(2013)e1 - Preformed Expansion Joint Filler for Concrete 

Paving and Structural Construction (Nonextruding and Resilient 

Bituminous Types).

17. D5893/D5893M-10 - Cold Applied, Single Component, Chemically Curing 

Silicone Joint Sealant for Portland Cement Concrete Pavements.

18. D6690-15 - Joint and Crack Sealants, Hot Applied, for Concrete and 

Asphalt Pavements.

1.4 PREINSTALLATION MEETINGS

A. Conduct preinstallation meeting at project site minimum 30 days before 

beginning Work of this section.

1. Required Participants:

a. Contracting Officer's Representative.

b. Not Used 

c.

d. Contractor.

e. Installer.

f. Other installers responsible for adjacent and intersecting work, 

including excavation, plantings, traffic markings.

2. Meeting Agenda: Distribute agenda to participants minimum 3 days 

before meeting.

a. Installation schedule.

b. Installation sequence.

c. Preparatory work.
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d. Protection before, during, and after installation.

e. Installation.

f. Terminations.

g. Transitions and connections to other work.

h. Inspecting and testing.

i. Other items affecting successful completion.

3. Document and distribute meeting minutes to participants to record 

decisions affecting installation.

1.5 SUBMITTALS

A. Submittal Procedures: Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, 

AND SAMPLES.

B. Submittal Drawings:

1. Show size, configuration, and fabrication and installation details.

2. Show reinforcing.

3. Include jointing plan for concrete pavements, curbs and gutters.

C. Manufacturer's Literature and Data:

1. Description of each product.

2. Installation instructions.

D. Not Used 

E. Test reports: Certify products comply with specifications.

1. Concrete materials.

2. Select subbase materials.

3. Field test reports.

F. Certificates: Certify products comply with specifications.

1. Expansion joint filler.

2. Reinforcement.

3. Curing materials.

4. Concrete protective coating.

G. Qualifications: Substantiate qualifications comply with specifications.

1. Installer with project experience list .

2. Land surveyor.

H. Concrete mix design.

I. Not Used.

J. Proposed hot and cold weather concreting methods.

K. Land surveyor's construction staking notes, before placing concrete.

1. Identify discrepancies between field conditions and Drawings.
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1.6 QUALITY ASSURANCE

A. Installer Qualifications:

1. Regularly installs specified products.

2. Installed specified products with satisfactory service on five 

similar installations.

a. Project Experience List: Provide contact names and addresses for 

completed projects.

B. Land Surveyor: Professional land surveyor or engineer registered to 

provide land surveys in jurisdiction where project is located.

C. Preconstruction Testing:

1. Engage independent testing laboratory to perform tests and submit 

reports.

a. Deliver samples to laboratory in number and quantity required 

for testing.

2. Concrete mix design.

3. Not Used.

1.7 DELIVERY

A. Deliver steel reinforcement to prevent damage.

B. Before installation, return or dispose of distorted or damaged steel 

reinforcement.

C. Bulk Products: Deliver bulk products away from buildings, utilities, 

pavement, and existing turf and planted areas. Maintain dry bulk 

product storage away from contaminants.

1.8 STORAGE AND HANDLING

A. Store products indoors in dry, weathertight facility.

B. Protect products from damage during handling and construction 

operations.

1.9 FIELD CONDITIONS

A. Hot Weather Concreting Procedures: ACI 305R.

B. Cold Weather Concreting Procedures: ACI 306R.

1. Use non-corrosive, non-chloride accelerator admixture.

2. Do not use calcium chloride, thiocyanates or admixtures containing 

more than 0.05 percent chloride ions.
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1.10 WARRANTY

A. Construction Warranty: FAR clause 52.246-21, "Warranty of 

Construction."

PART 2 - PRODUCTS

2.1 CONCRETE MATERIALS

A. Portland Cement: ASTM C150/C150M, Type I or II.

B. Pozzolans: Not Allowed.

C. Coarse Aggregate: ASTM C33/C33M; size 1-1/2 inch to suit application.

D. Fine Aggregate: ASTM C33/C33M.

E. Mixing Water: Fresh, clean, and potable.

F. Air-Entraining Admixture: ASTM C260/C260M.

G. Chemical Admixtures: ASTM C494/C494M.

H. Reinforcing Steel: ASTM A615/A615M or ASTM A996/A996M, Grade 420 (60); 

deformed.

I. Welded Wire Fabric: ASTM A1064/A1064M, plain; sized as indicated.

J. Expansion Joint Filler: ASTM D1751.

K. Sheet Materials for Curing Concrete: ASTM C171.

2.2 NOT USED

2.3 FORMS

A. Forms: Wood, plywood, metal, or other materials, approved by 

Contracting Officer's Representative, of grade or type suitable to 

obtain type of finish specified.

1. Plywood: Exterior grade, free of defects and patches on contact 

surface.

2. Lumber: Sound, grade-marked, S4S stress graded softwood, minimum 

50 mm (2 inches) thick, free from warp, twist, loose knots, splits, 

or other defects.

3. Form Coating: As recommended by Architect/Engineer.

B. Provide forms suitable in cross-section, depth, and strength to resist 

springing during depositing and consolidating concrete.

1. Do not use forms varying from straight line more than 3 mm in 

3000 mm (1/8 inch in 10 feet), horizontally and vertically.

C. Provide flexible or curved forms for forming radii.

2.4 CONCRETE CURING MATERIALS

A. Concrete curing materials, conform to one of the following:
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1. Burlap: Minimum 233 g/sq. m (7 ounces/sq. yd.) dry.

2. Sheet Materials for Curing Concrete: ASTM C171.

3. Curing Compound: ASTM C309, Type 2 ; liquid membrane forming type, 

without paraffin or petroleum.

2.5 CONCRETE MIXES

A. Design concrete mixes according to ASTM C94/C94M, Option C.

B. Concrete Type: Air-entrained . See Table I.

C. Maximum Slump: ASTM C143/C143M. See Table II.

TABLE II - MAXIMUM SLUMP

APPLICATION MAXIMUM SLUMP

Curb & Gutter 75 mm (3 inches)

Pedestrian Pavement 75 mm (3 inches)

Vehicular Pavement 50 mm (2 inches) Machine Finished

100 mm (4 inches) Hand Finished

Equipment Pad 75 to 100 mm (3 to 4 inches)

TABLE I - CONCRETE TYPES

Non-Air-Entrained Air-EntrainedConcrete 

Type

Minimum 28 Day 

Compressive 

Strength f'c

MPa (psi)

Min. Cement

kg/cu. m 

(lbs./cu. yd.)

Max. 

Water 

Cement 

Ratio

Min. Cement

kg/cu. m 

(lbs./cu. yd.)

Max. 

Water

Cement 

Ratio

A 35 (5000)1,3 375 (630) 0.45 385 (650) 0.40

B 30 (4000)1,3 325 (550) 0.55 340 (570) 0.50

C 25 (3000)1,3 280 (470) 0.65 290 (490) 0.55

D 25 (3000)1,2 300 (500) * 310 (520) *

Footnotes:

1. If trial mixes are used, achieve compressive strength 8.3 MPa (1,200 psi) 

in excess of f'c. For concrete strengths greater than 35 MPa (5,000 psi), 

achieve compressive strength 9.7 MPa (1,400 psi) in excess of f’c.

2. For Concrete Exposed to High Sulfate Content Soils: Maximum water cement 

ratio is 0.44.

3. Laboratory Determined according to ACI 211.1 for normal weight concrete.
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2.6 ACCESSORIES

A. Equipment and Tools: Obtain Contracting Officer's Representative's, 

approval of equipment and tools needed for handling materials and 

performing work before work begins.

B. Maintain equipment and tools in satisfactory working condition.

C. Sealants:

1. Concrete Paving Expansion Joints: ASTM D5893/D5893M, Type SL, single 

component, self-leveling, silicone joint sealant.

2. Concrete Paving Joints: ASTM D6690, Type IV, hot-applied, single 

component joint sealant.

D. Concrete Protective Coating: AASHTO M233 linseed oil mixture.

PART 3 - EXECUTION

3.1 PREPARATION

A. Examine and verify substrate suitability for product installation.

B. Protect existing construction and completed work from damage.

C. Prepare, construct, and finish subgrade. See Section 31 20 00, 

EARTHWORK.

D. Maintain subgrade in smooth, compacted condition, in conformance with 

the required section and established grade until the succeeding 

operation has been accomplished.

3.2 NOT USED

3.3 SETTING FORMS

A. Form Substrate:

1. Compact form substrate to uniformly support forms along entire 

length.

2. Correct substrate imperfections and variations by cutting, filling, 

and compacting.

B. Form Setting:

1. Set forms to indicated line and grade with tight joints. Rigidly 

brace forms preventing movement.

2. Remove forms when removal will not damage concrete and when required 

for finishing.

3. Clean and oil forms before each use.

4. Correct forms, when required, immediately before placing concrete.

C. Land Surveyor: Establish control, alignment, and grade for forms
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1. Notify Contracting Officer's Representative immediately when 

discrepancies exist between field conditions and drawings.

2. Correct discrepancies greater than 25 mm (1 inch) before placing 

concrete.

D. Form Tolerances:

1. Variation from Indicated Line: Maximum 6 mm (1/4 inch).

2. Variation from Indicated Grade: Maximum 3 mm in 3000 mm (1/8 inch in 

10 feet).

3.4 PLACING REINFORCEMENT

A. Keep reinforcement clean from contamination preventing concrete bond.

B. Install reinforcement shown on drawings.

C. Support and securely tie reinforcing steel to prevent displacement 

during concrete placement.

D. Obtain Contracting Officer's Representative's reinforcement placement 

approval before placing concrete.

3.5 NOT USED 

3.6 NOT USED

3.7 NOT USED 

3.8 NOT USED 

3.9 PLACING CONCRETE - GENERAL

A. Preparation before Placing Concrete:

1. Obtain Contracting Officer's Representative approval.

2. Remove debris and other foreign material.

3. Uniformly moisten substrate, without standing water.

B. Convey concrete from mixer to final location without segregation or 

loss of ingredients. Deposit concrete to minimize handling.

C. During placement, consolidate concrete by spading or vibrating to 

minimize voids, honeycomb, and rock pockets.

1. Vibrate concrete against forms and along joints.

2. Avoid excess vibration and handling causing segregation.

D. Place concrete continuously between joints without bulkheads.

E. Install construction joint in concrete placement suspended for more 

than 30 minutes.

F. Replace concrete with cracks, chips, bird baths, and other defects to 

nearest joints, approved by Contracting Officer's Representative.
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3.10 PLACING CONCRETE FOR CURB AND GUTTER, PEDESTRIAN PAVEMENT, AND 

EQUIPMENT PADS

A. Place concrete in one layer conforming to cross section shown on 

Drawings after consolidating and finishing.

B. Deposit concrete near joints without disturbing joints. Do not place 

concrete directly onto joint assemblies.

C. Strike concrete surface to proper section ready for consolidation.

D. Consolidate concrete by spading or  with approved mechanical finishing 

equipment.

E. Finish concrete surface with wood or metal float.

F. Construct concrete pads and pavements with sufficient slope to drain, 

preventing standing water.

3.11 NOT USED 

3.12 FORM REMOVAL

A. Keep forms in place minimum 12 hours after concrete placement. Remove 

forms without damaging concrete.

B. Do not use bars or heavy tools against concrete to remove forms. Repair 

damage concrete found after form removal.

3.13 CONCRETE FINISHING - GENERAL

A. Follow operation sequence below, unless otherwise indicated on 

Drawings:

1. Consolidating, floating, striking, troweling, texturing, and joint 

edging.

B. Use edging tool with 6 mm (1/4 inch) radius, unless otherwise shown on 

Drawings .

C. Keep finishing equipment and tools clean and suitable for use.

3.14 CONCRETE FINISHING - PEDESTRIAN PAVEMENT

A. Walks, :

1. Finish concrete surfaces with metal float, troweled smooth, and 

finished with a broom moistened with clear water.

2. Finish slab edges and formed transverse joints with edger.

3. Broom surfaces transverse to traffic direction.

a. Use brooming to eliminate flat surface produced by edger.

b. Produce uniform corrugations, maximum 1.5 mm (1/16 inch) deep 

profile.
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4. Provide surface uniform in color and free of surface blemishes, form 

marks, and tool marks.

5. Paving Tolerances:

a. Variation from Indicated Plane: Maximum 5 mm in 3000 mm (3/16 

inch in 10 feet).

b. Variation from Indicated Thickness: Maximum 6 mm (1/4 inch).

6. Replace paving within joint boundary when paving exceeds specified 

tolerances.

B. Step Treads, Risers and Sidewalls: Finish as specified for pedestrian 

pavement, except as follows:

1. Remove riser forms sequentially, starting with top riser.

2. Rub riser face with wood or concrete rubbing block and water. Remove 

blemishes, form marks, and tool marks. Use outside edger to round 

nosing; use inside edger to finish bottom of riser.

3. Apply uniform brush finish to treads, risers, and sidewall.

a. Apply stiff brush finish to treads to provide slip resistant 

surface complying with ANSI B101.3.

4. Step Tolerance:

a. Variation from Indicated Plane: Maximum 5 mm in 3000 mm (3/16 

inch in 10 feet).

3.15 MOT USED 

3.16 NOT USED 

3.17 NOT USED 

3.18 NOT USED 

3.19 CONCRETE CURING

A. Concrete Protection:

1. Protect unhardened concrete from rain and flowing water.

2. Provide sufficient curing and protection materials available and 

ready for use before concrete placement begins.

3. Protect concrete to prevent pavement cracking from ambient 

temperature changes during curing period.

a. Replace pavement damaged by curing method allowing concrete 

cracking.

b. Employ another curing method as directed by Contracting 

Officer's Representative.
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B. Cure concrete for minimum 7 days by one of the following methods 

appropriate to weather conditions preventing moisture loss and rapid 

temperature change:

1. Burlap Mat: Provide minimum two layers kept saturated with water 

during curing period. Overlap Mats at least 150 mm (6 inches).

2. Sheet Materials:

a. Wet exposed concrete surface with fine water spray and cover 

with sheet materials.

b. Overlap sheets minimum 300 mm (12 inches).

c. Securely anchor sheet materials preventing displacement.

3. Curing Compound:

a. Protect joints indicated to receive sealants preventing 

contamination from curing compound.

b. Insert moistened paper or fiber rope into joint or cover joint 

with waterproof paper.

c. Apply curing compound before concrete dries.

d. Apply curing compound in two coats at right angles to each 

other.

e. Application Rate: Maximum 5 sq. m/L (200 sq. ft./gallon), both 

coats.

f. Immediately reapply curing compound to surfaces damaged during 

curing period.

3.20 CONCRETE PROTECTIVE COATING

A. Apply protective coating of linseed oil mixture to exposed-to-view 

concrete surfaces, drainage structures, and features that project 

through, into, or against concrete exterior improvements to protect the 

concrete against deicing materials.

B. Complete backfilling and curing operation before applying protective 

coating.

C. Dry and thoroughly clean concrete before each application.

D. Apply two coats, with maximum coverage of 11 sq. m/L (50 sq. 

yds./gal.); first coat, and maximum 16 sq. m/L (70 sq. yds./gal.); 

second coat, except apply commercially prepared mixture according to 

manufacturer's instructions.

E. Protect coated surfaces from vehicular and pedestrian traffic until 

dry.
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F. Do not heat protective coating, and do not expose protective coating to 

open flame, sparks, or fire adjacent to open containers or applicators. 

Do not apply material at temperatures lower than 10 degrees C 

(50 degrees F).

3.21 FIELD QUALITY CONTROL

A. Field Tests: Performed by testing laboratory specified in Section 

01 45 29, TESTING LABORATORY SERVICES.

1. Compaction.

a. Pavement subgrade.

b. Curb, gutter, and sidewalk.

2. Concrete:

a. Delivery samples.

b. Field samples.

3. Slip Resistance: Steps and pedestrian paving.

3.22 CLEANING

A. After completing curing:

1. Remove burlap and sheet curing materials.

2. Sweep concrete clean, removing foreign matter from the joints.

3. Seal joints as specified.

3.23 PROTECTION

A. Protect exterior improvements from traffic and construction operations.

1. Prohibit traffic on paving for minimum seven days after placement, 

or longer as directed by Contracting Officer's Representative.

B. Remove protective materials immediately before acceptance.

C. Repair damage.

1. Replace concrete containing excessive cracking, fractures, spalling, 

and other defects within joint boundary, when directed by 

Contracting Officer's Representative, and at no additional cost to 

the Government.

- - - E N D - - -
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	B. Convey concrete from mixer to final location without segregation or loss of ingredients. Deposit concrete to minimize handling.
	C. During placement, consolidate concrete by spading or vibrating to minimize voids, honeycomb, and rock pockets.
	D. Place concrete continuously between joints without bulkheads.
	E. Install construction joint in concrete placement suspended for more than 30 minutes.
	F. Replace concrete with cracks, chips, bird baths, and other defects to nearest joints, approved by Contracting Officer's Representative.

	3.10 PLACING CONCRETE FOR CURB AND GUTTER, PEDESTRIAN PAVEMENT, AND EQUIPMENT PADS
	A. Place concrete in one layer conforming to cross section shown on Drawings after consolidating and finishing.
	B. Deposit concrete near joints without disturbing joints. Do not place concrete directly onto joint assemblies.
	C. Strike concrete surface to proper section ready for consolidation.
	D. Consolidate concrete by spading or  with approved mechanical finishing equipment.
	E. Finish concrete surface with wood or metal float.
	F. Construct concrete pads and pavements with sufficient slope to drain, preventing standing water.

	3.11 NOT USED
	3.12 FORM REMOVAL
	A. Keep forms in place minimum 12 hours after concrete placement. Remove forms without damaging concrete.
	B. Do not use bars or heavy tools against concrete to remove forms. Repair damage concrete found after form removal.

	3.13 CONCRETE FINISHING - GENERAL
	A. Follow operation sequence below, unless otherwise indicated on Drawings:
	B. Use edging tool with 6 mm (1/4 inch) radius, unless otherwise shown on Drawings .
	C. Keep finishing equipment and tools clean and suitable for use.

	3.14 CONCRETE FINISHING - PEDESTRIAN PAVEMENT
	A. Walks, :
	B. Step Treads, Risers and Sidewalls: Finish as specified for pedestrian pavement, except as follows:

	3.15 MOT USED
	3.16 NOT USED
	3.17 NOT USED
	3.18 NOT USED
	3.19 CONCRETE CURING
	A. Concrete Protection:
	B. Cure concrete for minimum 7 days by one of the following methods appropriate to weather conditions preventing moisture loss and rapid temperature change:

	3.20 CONCRETE PROTECTIVE COATING
	A. Apply protective coating of linseed oil mixture to exposed�to�view concrete surfaces, drainage structures, and features that project through, into, or against concrete exterior improvements to protect the concrete against deicing materials.
	B. Complete backfilling and curing operation before applying protective coating.
	C. Dry and thoroughly clean concrete before each application.
	D. Apply two coats, with maximum coverage of 11 sq. m/L (50 sq. yds./gal.); first coat, and maximum 16 sq. m/L (70 sq. yds./gal.); second coat, except apply commercially prepared mixture according to manufacturer's instructions.
	E. Protect coated surfaces from vehicular and pedestrian traffic until dry.
	F. Do not heat protective coating, and do not expose protective coating to open flame, sparks, or fire adjacent to open containers or applicators. Do not apply material at temperatures lower than 10 degrees C (50 degrees F).

	3.21 FIELD QUALITY CONTROL
	A. Field Tests: Performed by testing laboratory specified in Section 01 45 29, TESTING LABORATORY SERVICES.

	3.22 CLEANING
	A. After completing curing:

	3.23 PROTECTION
	A. Protect exterior improvements from traffic and construction operations.
	B. Remove protective materials immediately before acceptance.
	C. Repair damage.




