
































































































































































































































































PANEL "DP2A"
VOLTAGE: 208Y/120V, 3 PH, 4W MAIN BKR: 3P600

TYPE: BOLT-ON
BUS RATING: 600 MOUNT: SURFACE
AIC: 22,000 ENCLOSURE: NEMA 1

DESCRIPTION: L-LIGHTS DESCRIPTION: L-LIGHTS
KVA R-RECEPTACLE, S-SPARE CKT CKT CKT CKT R-RECEPTACLE, S-SPARE KVA

A B C PFB-PROV FOR FUTURE CB BKR NO NO BKR PFB-PROV FOR FUTURE CB A B C
3P 1 2 3P100A 10.0 

------- 3 4 ------- 11.0 

------ 5 6 ------ 7.0 

7.3 3P100A 7 8 3P100A 6.1 

7.3 ------- 9 10 ------- 6.1 

7.3 ------ 11 12 ------ 6.1 

2.6 3P100A 13 14 3P100A 2.2 

2.6 ------- 15 16 ------- 2.2 

2.6 ------ 17 18 ------ 2.2 

2.6 3P100A 19 20 3P40A 1.0 

2.6 ------- 21 22 ------- 1.0 

2.6 ------ 23 24 ------ 1.0 

0.4 3P15A* 25 26 3P40A 1.0 

0.4 ------- 27 28 ------- 1.0 

0.4 ------ 29 30 ------ 1.0 

31 32

33 34

35 36
12.9 12.9 12.9        SUBTOTALS 20.3 21.3 17.3

NOTES:
97.5 TOTAL KVA 1) *   - PROVIDE NEW BREAKER IN EXISTING PFB
0.8 DEMAND FACTOR 2) **  - PROVIDE DEDICATED NEUTRAL

78.0 DEMAND KVA 3) +   - PROVIDE ISOLATED GND CONDUCTOR W/BRANCH WIRING
216 DEMAND AMPS 208 volts 3) ++   - PROVIDE WITH GFCI TYPE BREAKER

----------------

----------------

----------------

BUS DUCT 3

BUS DUCT 3

PANEL 2C

BUS DUCT B

BUS DUCT D

----------------

----------------

----------------

SHOWER

BUS DUCT A

BUS DUCT C

CONVERTER PANEL G1

----------------

----------------

----------------

----------------

----------------

----------------

CONVERTER PANEL G2

BUS DUCT 3

SAF-1 (NEW)

----------------

PFB-PROV FOR FUTURE CB

PFB-PROV FOR FUTURE CB

PFB-PROV FOR FUTURE CB

----------------

----------------

----------------

----------------

----------------

PFB-PROV FOR FUTURE CB

PFB-PROV FOR FUTURE CB

PFB-PROV FOR FUTURE CB

PANEL "BED"
VOLTAGE: 208Y/120V, 3 PH, 4W

TYPE: BOLT-ON
BUS RATING: 100 MOUNT: SURFACE
AIC: 22,000 ENCLOSURE: NEMA 1

DESCRIPTION: L-LIGHTS DESCRIPTION: L-LIGHTS
KVA R-RECEPTACLE, S-SPARE CKT CKT CKT CKT R-RECEPTACLE, S-SPARE KVA

A B C PFB-PROV FOR FUTURE CB BKR NO NO BKR PFB-PROV FOR FUTURE CB A B C
2.5 2P30A 1 2 2P30A 2.5 

2.5 ------- 3 4 ------- 2.5 

2.5 2P30A 5 6 2P30A 2.5 

2.5 ------- 7 8 ------- 2.5 

0.7 1P20A* 9 10 1P20A 0.5 

0.5 1P20A* 11 12 2P25A* 0.6 

0.5 1P20A* 13 14 ------- 0.6 

0.5 1P20A* 15 16

0.5 1P20A* 17 18
5.4 3.6 3.5        SUBTOTALS 5.5 2.9 3.1

NOTES:
23.9 TOTAL KVA 1) *   - PROVIDE NEW BREAKER IN EXISTING PFB
0.8 DEMAND FACTOR 2) **  - PROVIDE DEDICATED NEUTRAL

19.1 DEMAND KVA 3) +   - PROVIDE ISOLATED GND CONDUCTOR W/BRANCH WIRING
53 DEMAND AMPS 208 volts 3) ++   - PROVIDE WITH GFCI TYPE BREAKER

SERVER RM 158-R

------------------------

------------------------

VAV SET 2 (NEW)

SPLIT SYSTEM ACCU-1 (NEW)

DDC-1 IN MECH RM1 (NEW)

SERVER RM 158-R

------------------------

DDC-2 IN MECH YARD (NEW)

DDC-3 IN MECH YARD (NEW)

SERVER RM 158-R

VAV SET 1 (NEW)

VAV SET 3 (NEW)

------------------------

SERVER RM 158-R

------------------------



EXISTING PANEL "4MB"
VOLTAGE: 480/277V, 3 PH, 4W MAIN BKR: 3P175A

TYPE: BOLT-ON
BUS RATING: 225A MOUNT: SURFACE
AIC: 14000A ENCLOSURE: NEMA 1

DESCRIPTION: L-LIGHTS DESCRIPTION: L-LIGHTS
KVA R-RECEPTACLE, S-SPARE CKT CKT CKT CKT R-RECEPTACLE, S-SPARE KVA

A B C PFB-PROV FOR FUTURE CB BKR NO NO BKR PFB-PROV FOR FUTURE CB A B C
2.1 3P20A 1 2 3P20A 1.3 

2.1 ----- 3 4 ---- 1.3 

2.1 ---- 5 6 ------- 1.3 

3.0 3P50A* 7 8 3P

3.0 ----- 9 10 ----

3.0 ---- 11 12 -------

3P 13 14

----- 15 16

---- 17 18
5.1 5.1 5.1        SUBTOTALS 1.3 1.3 1.3

NOTES:
19.2 TOTAL KVA 1) *   - PROVIDE NEW BREAKER IN EXISTING PFB
0.8 DEMAND FACTOR 2) **  - PROVIDE DEDICATED NEUTRAL

15.4 DEMAND KVA 3) +   - PROVIDE ISOLATED GND CONDUCTOR W/BRANCH WIRING
18 DEMAND AMPS 480 volts 3) ++   - PROVIDE WITH GFCI TYPE BREAKER

-------------

------------

ACU 6

-----------

----------

PFB-PROV FOR FUTURE CB

-----------

----------

ACU 8

-------------

------------

PFB-PROV FOR FUTURE CB

-------------

------------

PANEL 2MA (NEW)

PANEL "2MA"
VOLTAGE: 208Y/120V, 3 PH, 4W MAIN BKR: 3P100A EQUIPMENT GROUND BUS: YES
BUS: COPPER TYPE: BOLT-ON ISOLATED GROUND BUS: NO
BUS RATING: 225A MOUNT: SURFACE FEED THRU LUGS: NO
AIC: 10,000 ENCLOSURE: NEMA 1 U.L. LISTED AS SERVICE

ENTRANCE EQUIPMENT: NO
DESCRIPTION: L-LIGHTS DESCRIPTION: L-LIGHTS

KVA R-RECEPTACLE, S-SPARE CKT CKT CKT CKT R-RECEPTACLE, S-SPARE KVA
A B C PFB-PROV FOR FUTURE CB BKR NO NO BKR PFB-PROV FOR FUTURE CB A B C

2.5 2P30A 1 2 1P20A 0.2 

2.5 ------ 3 4 1P

1P 5 6 1P

1P 7 8 1P

1P 9 10 1P

1P 11 12 1P

1P 13 14 1P

1P 15 16 1P

1P 17 18 1P

1P 19 20 1P

1P 21 22 1P

1P 23 24 1P

1P 25 26 1P

1P 27 28 1P

1P 29 30 1P

1P 31 32 1P

1P 33 34 1P

1P 35 36 1P

1P 37 38 1P

1P 39 40 1P

1P 41 42 1P
2.5 2.5 0.0        SUBTOTALS 0.2 0.0 0.0

NOTES:
5.2 TOTAL KVA 1) *   - PROVIDE BREAKER WITH PADLOCKING DEVICE
0.8 DEMAND FACTOR 2) **  - PROVIDE DEDICATED NEUTRAL
4.2 DEMAND KVA 3) +   - PROVIDE ISOLATED GND CONDUCTOR W/BRANCH WIRING
12 DEMAND AMPS 208 volts 3) ++   - PROVIDE WITH GFCI TYPE BREAKER

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

ACCU-2 RECEPT.

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

PFB

SPLIT SYSTEM ACCU-2

-----------------------

PFB

PFB

PFB

PFB
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DIVISION 9 - FINISHES 
 

SECTION 09900 
 

PAINTING 
 
1 - GENERAL  
 
1.01 SUMMARY 
 

A. The work includes painting and finishing of exterior and interior items and surfaces 
throughout the project, whether scheduled or not, except as otherwise indicated. Painting 
shall include new work and existing new surfaces made bare or damaged during 
construction and existing surfaces as indicated. Surface preparation, priming, and coats 
of paint specified are in addition to shop-priming and surface treatment specified under 
other sections of the work and are included in this section. 
 

B. The work includes field painting of exposed bare and covered pipes, and of hangers, 
exposed steel and iron work. 

 
C. “Paint” as used herein means all coating systems materials, including primers, enamels, 

sealers, and fillers, and other applied materials whether used as prime, intermediate, or 
finish coats, except as specifically noted herein. 

 
D. Paint all exposed surfaces whether or not colors are designated in “schedules”. Where 

items or surfaces are not specifically mentioned, paint these the same as adjacent similar 
materials or areas. If color of finish is not designated, the State will select these from 
standard colors available for the materials systems specified. 

 
1.02 PAINTING NOT INCLUDED 
  
 The following categories of work are not included as part of the field-applied finish work, or are 

included in other sections of these specifications. 
 

A. Concealed Surfaces (Present and Future): Unless otherwise indicated, painting is not 
required on surfaces such as walls or ceiling in concealed areas and generally 
inaccessible areas, furred areas, and pipe spaces. 

 
B. Finished Metal Surfaces: Metal surfaces of anodized aluminum, stainless steel, 

chromium plate, and similar finished materials will not require finish painting, unless 
otherwise indicated. 

 
C. Labels: Do not paint over any code-required labels, such as Underwriters’ Laboratories, 

or any equipment identification, performance rating, name, or nomenclature plates. 
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1.03 SUBMITTALS 
 

A. Submit in accordance with requirements of this section. 
 

B. Schedule of Finishes: Submit four sets of the proposed painting finish schedule to the 
State for acceptance. The schedule shall indicate the wet film thickness (mils) at which 
the proposed paints/coatings will be applied that are necessary to achieve the final dry 
film thickness indicated on the Schedule of Finishes item entitled “SCHEDULE OF 
FINISHES” herein below. 

 
C. Color Samples: Submit the following to the State for acceptance: 

 
1. Four sets of each color finish sample. 

 
2. After the color finish has been accepted, one set of color finish samples painted 

onto 8-1/2 inch x 11-inch cardboard shall be submitted. The cardboard shall be 
divided into three horizontal strips and painted as follows: 

 
a. Prime 3 strips. 
 
b. First coat bottom 2 strips. 

 
c. Second coat bottom strip. 

 
D. Schedule of Operations: Before work on the project is commenced, submit complete 

sets of a work schedule showing Contractor’s sequence of operations and dates. 
 
E. Warranty: Submit warranty as stipulated in item entitled “WARRANTY” herein below. 

 
F. Certifications: Submit copies of asbestos-free, lead-free, zinc-chromate-free, strontium-

chromate-free, cadmium-free, and mercury-free paint certificates. 
 

G.      Manufacturer’s Product Data Sheets: Submit copies of the Manufacturer’s Product 
Data Sheets for the primers, paints, coatings, solvents, sealing and patching 
materials, sealants and caulking, and other materials being used. Data sheets shall 
indicate thinning and mixing instructions, required film thickness (mil) and application 
instructions. 

 
H.  Manufacturer’s Material Safety Data Sheets for coatings, solvents, and other 

hazardous materials. 
 
1.04 ANALYZING AND TESTING 
 

A. All paints and their applied thickness shall be subject to testing whenever the State 
deems necessary to determine conformance to the requirements of these 
specifications. Should testing by a laboratory be required, the laboratory shall be 
selected by the State and the cost of testing shall be borne by the Contractor. 
However, should the test results show that the paint is in compliance with the 
specifications, the cost shall be borne by the State. 

 
  B.  All rejected material shall be removed from the job site immediately. Surfaces painted 

with the rejected material shall be redone at no additional cost to the State. 
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  C.  Where the required paint thickness is deficient, the affected surfaces(s) shall be 
recoated as necessary to provide the required paint thickness at no additional cost to 
the State. 

 
1.05 QUALITY ASSURANCE 
 

A. Painting Terminology: Refer to ASTM D 16, “Standard Terminology for Paint, Related 
Coatings, Materials, and Applications”. 

 
B. Gloss/Sheen Levels: ASTM D 523, "Specular Gloss", as follows: 

 
Description    Units @ 60 degrees  Units @ 85 degrees 
 
Matte or Flat    0 to 5     10 max 
Velvet     0 to 10     10 to 35 
Eggshell    10 to 25    10 to 35 
Satin     20 to 35    35 min 
Semi-Gloss    35 to 70 
Gloss     70 to 85 
High Gloss    more than 85 
 

C. Where the Contractor proposes to employ airless spraying, the applicator(s) shall have 
completed an accepted “Spray Applicator Certification Program” conducted by the 
Painting Industry of Hawaii. 

 
 D. As a minimum, the certification shall include material and equipment selection, use and 

maintenance, hands-on application, and safety training. 
 
1.06 WARRANTY 
 

A. The Contractor shall warrant that the work performed under this section conforms to the 
contract requirements and is free of any defect in the materials used and workmanship 
performed by the Contractor. Such warranty shall continue for a period of two years 
from the project acceptance date and the Contractor shall remedy any such defect 
which is discovered during that period at no cost to the State. 

 
B. The State will notify the Contractor in writing within a reasonable time after discovery of 

any failure or defect. 
 

C. Should the Contractor fail to remedy any failure or defect described in Paragraph A 
above within 10 working days after receipt of notice thereof, the State shall have the 
right to repair or otherwise remedy such failure or defect and charge the Contractor for 
the cost of same. 
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1.07 SPECIAL REQUIREMENTS 
 

A. Codes: The Contractor shall comply with the State OSHL (Occupational Safety and 
Health Law) and all pollution control regulations of the State Department of Health. 

 
B. Safety methods used during coating application shall comply with SSPC-PA Guide 3. 

 
C. Protection: 

 
  1.  Persons: 
 
   a.  The Contractor shall take all necessary precautions to protect public 

pedestrians, including tenants from injury. 
   b.  The Contractor shall provide, erect, and maintain safety barricades 

around scaffolds, hoists, and wherever Contractor's operation create 
hazardous conditions in order to properly protect the public and 
workmen. 

 
2. Completed Work: The Contractor shall provide all necessary protection for wet 

paint surfaces. 
 

3. Protective Covering: The Contractor shall provide and install protective covering 
over equipment, floor, and other areas that are not scheduled for treatment. 
Protective covering shall be clean, sanitary drop cloth or plastic sheets. Paint 
applied to surfaces not scheduled for treatment shall be completely removed 
and surfaces shall be returned to original condition. 

 
4. Safeguarding of Property: The Contractor shall take whatever steps may be 

necessary to safeguard his work and also the property of the State and other 
individuals in the vicinity of the work area during the execution of this Contract. 
Contractor shall be responsible for and make good on any and all damages and 
for losses to work or property caused by his or his employee's negligence. 
Where the damaged property cannot be cleaned and restored to its original 
condition (i.e. prior to being damaged) it shall be replaced with a new product of 
equal quality. No proration or use of "used" products will be permitted. 

 
  5. Fire Safety: The Contractor shall direct his employees not to smoke in the 

vicinity and to exercise precautions against fire at all times. Waste rags, plastic 
(polyester sheets), empty cans, etc., shall be removed from the site at the end of 
each day. 

 
D. Right of Rejection: The State will have the right to reject all work which is not in 

compliance with the plans and specifications. Rejected work will be redone at no 
additional cost to the State. In addition, the State will have the right to require the 
immediate removal of any paint applicator who demonstrates negligence, lack of 
competence or repeated non-compliance with the contract requirements. 
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E. Sequence of Operations: The sequence of operations shall divide the surfaces into 
work areas and present a schedule for: 

 
1. Surface preparation and spot prime. 

 
2. Prime coat. 

 
3. First finish coat. 

 
4. Second finish coat. 

 
  F. Inspection and Acceptance: The Contractor shall obtain written acceptance from the 

State upon completion of each phase of work (phases of work are: surface 
preparation and spot prime; prime; first finish coat; second finish coat) before 
proceeding into the next phase of work. The Contractor shall give the State one day 
(24 hours minimum) advance notice of completion of any phase of work for a work 
area only when he deviates from the previously submitted work schedule. The 
Contractor shall provide necessary access to areas to be inspected. Failure to obtain 
acceptance of any phase of work for a work area may result in redoing the operation 
at no cost to the State. 

  
1.08  DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver paint materials to the job site in original unopened containers with original labels 
intact. 

 
B. No paint material, empty cans and paint brushes and rollers, drop cloths and rags, may 

be stored in buildings, and shall be stored in separate storage facilities away from the 
buildings. Receiving, opening, and mixing of painting materials shall be done in this 
area. 

 
C. The Contractor may furnish a job site storage facility. Such facility shall comply with 

requirements of the local Fire Department. The storage area shall be kept clean and 
facility shall be locked when not in use or when no visual supervision is possible. 

 
D. Ensure the safe storage and use of paint materials and the safe storage and disposal of 

waste at the end of each work day. 
 
E.  Handle manufactured materials as recommended by the manufacturer. 

 
 
2- PRODUCTS 

 
2.01    MATERIALS 

 
A. Asbestos Prohibition: All paint shall be asbestos-free. 

 
B. Lead Prohibition: All paint shall be lead-free. 

 
C. Mercury Prohibition: All paint shall be mercury-free. 
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D. Chromate Prohibition: All paint shall be free of zinc-chromate and/or strontium-

chromate. 
 

E. Cadmium Prohibition: All paint shall be cadmium-free. 
 

F. Material shall be equal in quality to that specified under the Schedule of Finishes and 
any given finish shall be as labeled by one manufacturer. 

 
G. All materials shall be delivered to the job site in undamaged original containers bearing 

the manufacturer’s label and shall be stored in such a manner as to prevent damage. 
All rejected materials shall be removed from the job site immediately. 

 
H. Paints shall be as manufactured by Ace, Benjamin Moore, Cabot’s, Carboline, Dupont, 

Dutch Boy, Fine Line Paint Corp., Henkel, Devoe, Devoe Coatings, Glidden, Glidden 
Professional, Martin Senour, General Polymers, Olympic Stain, Pervo, PPG Protective 
& Marine Coatings, Pittsburg, Porter Inti., Pratt & Lambert, Rust-Oleum, Sherwin-
Williams, Smiland (Styletone), Spectra-Tone, Thoro Systems, Tnemec, United Paint 
and Coatings, or accepted equivalent. 

 
I. Thinning of paint shall be done using material recommended by the manufacturer. Mix 

proprietary products according to manufacturer's printed specifications. Compound 
thinner, mineral oil, kerosene, refined linseed oil, or gasoline shall not be used for 
thinning. 

 
J. Except for metal primers, all paint shall contain maximum amount of mildewcide per 

gallon of paint permitted by the mildewcide manufacturer without adversely affecting 
the quality of the paint. 

 
 K.  The supplier shall submit a signed certificate indicating the amounts of mildewcide 

added by both the paint manufacturer and the paint supplier. Mercurial fungicide shall 
not be used. 

 
2.02 SCHEDULE OF FINISHES 
 

A. The Schedule of Finishes is made for the convenience of the Contractor and indicates 
the types and quality of finishes to be applied to the surfaces. Refer to Finish Schedule 
for symbols indicating location for various finishes. Provide additional systems for 
surfaces to be painted not listed hereinafter. 

 
B. All paints unless otherwise noted, are the products of Benjamin Moore and Glidden 

Professional and are so named to establish desired quality and standard of materials. 
Painting materials, equal to those mentioned by trade name under the various 
treatments may be used, provided they meet with the acceptance of the State. 

 
C. Treatments shall be applied on exposed surfaces of designated materials, in conformity 

with instructions of the paint product used. 
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D. Exterior Painting: 
 

  1.  Galvanized Metal: 
   Prime coat: 169 Latex Exterior Primer 
   1.3 mils OFT @ 425 sf/gal. 

    
   2nd and 3rd coats: 170 Latex House & Trim Paint (Medium Gloss) 
   1.1 mils OFT@ 475 sf/gal./coat 
 
  2.  Aluminum: 
   1st and 2nd coats: 170 Super Spec Latex House & Trim Paint (Medium Gloss) 
   1.1 mils OFT@ 475 sf/gal./coat 
 
  3.  Wood: 
   Prime coat: 169 Latex Exterior Primer 
   1.3 mils OFT @ 425 sf/gal. 
 
   2nd and 3rd coats: 170 Super Spec Latex House & Trim Paint (Medium Gloss) 
   1.1 mils OFT@ 475 sf/gal./coat 
 
  4.  Metal Roofing and Flashing (Top Exposed Surfaces): 
   Pretreatment: Ospho or MP-7 Rust Solution or Equal (For Rusted Areas) 
   Prime coat: ICI Paints 4020 DEVFLEX DTM Flat Interior/Exterior Waterborne 

Primer and Finish 
   2.2 to 3.5 mils OFT @ 275 - 350 sf/gal. 
  

   2nd and 3rd coats: ICI Paints 3018 ULTRA-HIDE Interior/Exterior 100% Acrylic 
Floor Enamel@ 300-350 sf/gal./coat 

 
E.  Interior Painting: Use low VOC/Iow odor paint to maximum extent possible. 

 
1. Gypsum Wallboard: 

 
Prime coat:  372 Eco Spec WB Interior Latex Primer 

1.2 mils OFT @ 450 sf/gal. 
 
2nd and 3rd coats:  374 Eco Spec WB Interior Latex Eggshell Finish 

1.4 mils OFT @ 425 sf/gal./coat 
 

2.  Concrete Floor and Base: Chemical Resistant Urethane Floor Coating by Chern 
Master or pre-approved equivalent. 

 
Prime coat: DuraGuard 100 
200 sf/gal. 

 
2nd coat: DuraGuard 120 
80 - 110 sf/gal. 
 
3rd coat: DuraGuard 320 
300 sf/gal. 
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3.  Exposed Concrete Masonry: 

Filler coat: 285 Latex Block Filler 
9.5 mils OFT@ 112 sf/gal. 

 
2nd and 3rd coats: 
376 Eco Spec WB Interior Latex Semi-Gloss Finish 
1.5 mils OFT @ 425 sf/gal./coat 

 
2.03 COMPATIBILITY OF PAINTING SYSTEMS AND SUBSTRATES 
 

A. The Contractor shall ensure that painting systems specified are compatible with existing 
painted surfaces. Alkyd paints shall not be applied over existing latex coating. Alkyd 
paints shall be used over cementitious surfaces. Latex paints shall not be applied 
directly over alkyd paints without proper conditioner and accepted by the State. 

 
B. Field Tests for Alkyd or Latex Paints: The Contractor shall perform the following field 

tests for compatibility of substrates to new paint systems prior to ordering paint: 
 

1. Latex films will dissolve when wiped with rubbing alcohol; alkyd films will not. 
 

2. When sanded, latex films will "clog" sandpaper; alkyd films will sand clean. 
 

3. Alkyds will soften after applying a 10 percent solution of Drano in water; latex 
films will not soften. 

 
4. Alkyds will burn when exposed to a flame; latex film will not burn. 
 
5. Paints which do not respond to two or more of these tests are probably epoxy, 

urethane, or other type of coating. 
 

6. Provide a packaged swab test in accordance with the package directions. 
 

7. Existing paint identified or suspect of having lead-containing paint shall be 
tested in a manner that does not produce airborne or uncontrolled lead debris. 
 

 C. Should there be any discrepancies between the specified Schedule of Finishes and the 
existing paint systems, the Contractor shall notify the State in writing of any 
incompatible systems specified and submit a revised Schedule of Finishes for 
acceptance when necessary.   With the acceptance of the revised Schedule of 
Finishes, the Contractor shall make any corrections and/or revisions necessary to 
resolve the discrepancies and/or inconsistencies.  The Contractor shall not proceed 
with any painting systems that  are incompatible,  although  specified  otherwise,  until 
all incompatible conditions  detrimental  for the proper  application and  performance  of 
the painting systems have been corrected.  The failures due to the application of the 
incompatible paint systems shall be corrected at no additional cost to the State.   
Proceeding with the work shall imply acceptance of the specified Schedule of Finishes 
and the compatibility with the existing painted surfaces by the Contractor. 
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3 - EXECUTION 
 
3.01 SURFACE PREPARATION 
 

A. General: 
    1.   Surface  preparation  shall  be  in  accordance  with  the  Painting  and 

Decorating Contractors of America, "Architectural Specification Manual", 
methods are applicable to all substrates. 

 
    2.  Scrub surfaces with stiff nylon bristle brush and T.S.P. solution at rate of 3/4 cup 

T.S.P. per gallon of warm water to remove accumulated film of wax, oil, grease, 
smoke, dust, dirt, chalky, or other foreign matter which would impair bond or 
bleeding through new finish. Thoroughly sponge wipe surfaces with clean water. 
Allow surfaces to thoroughly dry before priming, painting, calking, or sealing. 
 
a. Following sponge wiping, the surfaces shall be allowed to dry for a 

minimum of 24 hours. 
 

      b.   Wood surfaces shall have a maximum moisture content of 12 percent 
when measured with an electronic moisture meter. 

 
  3. Cracks and openings found at joints and where different materials about each 

other shall be sealed with a caulking compound compatible with the substrate 
and primer/paint. The caulking shall be applied and allowed to set in accordance 
with the manufacturer's recommendations and instructions. 

 
    4.  Mildew Removal:   Remove all mildew and sterilize the surface to be painted 

using one of the following methods: Apply a treatment solution composed of the 
following ingredients and in the noted proportions to the affected surface using a 
sponge of low-pressure sprayer: 

 
       2/3 cup TSP (Trisodium Phosphate) 
       1 quart household bleach 
       3 quarts warm water 
 
      Note:  Household bleach shall not be mixed with ammonia or any detergents or 

cleaners containing ammonia as this will create a poisonous gas. 
  
      Apply a commercial mildew treatment solution such as Purex, Jomax Remover 

or equal in strict accordance with the manufacturer's recommendations and 
instructions. 

 
      Following treatment, the surface shall be cleaned with potable water and 

allowed to thoroughly dry before priming, painting or the applying of sealing and 
caulking compounds. 
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B. The painting contractor shall be wholly responsible for the finish of his work and shall 
not commence any part of it until surfaces are in proper condition. If painting contractor 
considers any surfaces unsuitable for proper finish of his work, he shall notify the State 
of this fact in writing and he shall not apply any material until the unsuitable surfaces 
have been made satisfactory, or until the State has instructed him to proceed. Major 
defects shall be restored by the proper trades.  In general, follow paint manufacturer's 
directions for surface preparation for the paint to be applied. 

 C.  Surfaces adjacent to areas being finished shall be protected and left clean of paints, 
stains, etc.  Clean drop cloths shall be used until completion of job. 

 
D. Unprimed galvanized metal shall be washed with a solution of chemical phosphoric 

metal etch and allowed to dry. 
 

E. Metal surfaces shall be made clean and free of any defects or condition that may 
produce unsatisfactory finish.  Touch-up any chipped or abraded places on surfaces 
that have been shop coated with the proper primer. 

 
 F.  Wood Surfaces: Surfaces shall be free from dust  and other  deleterious substances 

and in a condition accepted by the State prior to receiving paint or other finish.  Do not 
use water to clean uncoated wood. 

 
3.02 PAINT APPLICATION  
 

A. General: 
 
1. Apply coating materials in accordance with SSPC-PA 1.   SSPC-PA 1 methods 

are applicable to all substrates, except as modified herein. Thoroughly work 
coating materials into joints, crevices, and open spaces. Touch-up damaged 
coatings before applying subsequent coats. 

 
2. Work shall be done in a workmanlike manner by skilled and experienced 

mechanics and shall conform to the best painting practices. 
 

3. Materials shall be applied in accordance with the manufacturer's specifications 
and the finished surfaces shall be free from runs, sags, drips, ridges, waves, 
laps, streaks, brush marks, and variations in color, texture, and finish (glossy or 
dull).  The coverage shall be complete and each coat shall be so applied as to 
produce a film of uniform thickness. No paint, varnish or enamel shall be applied 
until the preceding coat is thoroughly dry and acceptance. 

 
4. No exterior painting of unprotected surfaces shall be done in rainy, damp 

weather. Coats shall be applied only to surfaces that are thoroughly dry. 
 

  5.  Mixing shall be done outside the buildings.  
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B. Application: 
 
1. Paint application shall be by brush or roller.  Airless spraying may be permitted 

only with the acceptance of the State for otherwise inaccessible areas. 
 

2. Drying Time: Allow time between coats, as recommended by the coating 
manufacturer, to permit thorough drying.  Provide each coat in specified 
condition to receive the next coat. 

 
  3.  Primers and Intermediate Coats: Do not allow primers or intermediate coats to 

dry more than 30 days, or longer than recommended by the manufacturer, 
before applying subsequent coats. Follow manufacturer's recommendations for 
surface preparation if primers or intermediate coats are allowed to dry longer 
than recommended by manufacturers of subsequent   coatings.     Each  coat  
shall  cover  the  surface  of  the preceding  coat  or surface completely,  and 
there  shall be a visually perceptible difference in shades of successive coats. 

 
4. Finished Surfaces: Provide finished surfaces free from runs, drops, ridges, 

waves, laps, brush marks, and variations in selected colors. 
 

C. Colors: Each coat shall be tinted a different shade from the preceding coat. Colors shall 
match existing or as selected by the State. 
 

 D.  Finish Film Thickness: Apply primer, intermediate, and finish coats to not less than 1.5 
mils dry film thickness, 4 mils wet unless recommended otherwise in writing  by  the  
manufacturer,  for  each  coat  and  in  accordance  with  the manufacturer's  
recommendations.  Verify mil thickness by use of a suitable wet film gauge.  Use a 
Tooke or other dry film gauge to test for total dry film thickness. 

 
3.03 MISCELLANEOUS 
 

A. Installation of Removed Items: After completion of final paint coat, removed items shall 
be reinstalled. 

 
  B. At the completion of other trades, touch up damaged surfaces. 
 
3.04 CLEANUP 
   

A. During the progress of the work, all debris, empty crates, waste, drippings, etc., shall be 
removed by the Contractor and the grounds about the areas to be painted shall be left 
clean and orderly at the end of each work day. 

 
 B.  Upon completion of the work, staging, scaffolding, containers, and all other debris shall 

be removed from the site. All paint, shellac, oil or stains splashed or spilled upon 
adjacent surfaces not requiring treatment (hardware, fixture, floor) shall be removed 
and the entire job left clean and acceptable. 

 
END OF SECTION 
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DIVISION 15- MECHANICAL 
 

SECTION 15000 
 

MECHANICAL GENERAL REQUIREMENTS 
 
1 - GENERAL 
  
1.01 SUMMARY 
 

A. This section applies to all sections of Division 15, MECHANICAL. 
 

B. Scope of work shall be as described in the Technical Sections of Division 15, 
MECHANICAL. 

 
C. Related Sections: 
 2. SECTION 09900 – PAINTING 
 3. SECTION 15650 – AIR CONDITIONING AND VENTILATION 
 4. SECTION 15900 – HVAC TESTING/ADJUSTING/BALANCING 
 5. SECTION 15950 – DIRECT DIGITAL CONTROL SYSTEMS 

 
1.02 GENERAL REQUIREMENTS 
 

A. There general mechanical requirements govern work specified under all sections of 
DIVISION 15 – MECHANICAL 

 
B. The Contractor shall furnish all labor, materials, tools, and equipment and perform all 

work and services necessary for a complete and properly operational mechanical work, 
equipment and systems, as shown on drawings and as specified, in accordance with 
provisions of the Contract Documents and completely coordinated with work of all other 
trades. 

 
C. The Contractor shall examine completely the Contract Documents and shall report to 

the Owner any error, inconsistency, or omission he discovers. 
 
D. Furnish and install all supplementary of miscellaneous items, details, appurtenances 

and devices incidental to or necessary for a sound, secure, and complete mechanical 
system where work required is not specifically indicated. 

 
E. Drawings and specifications shall be taken together. Provide work specified and not 

indicated or work indicated and not specified as though mentioned in both. 
 
F. The Contractor shall warrant that all materials and equipment furnished under this 

Contract will be new and that all work will be good quality, free from faults and defects 
and in conformance with contract documents for a guaranteed period of one year. It 
shall be the Contractor’s responsibility to obtain extended warranties for use of all new 
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equipment provided by the Contractor prior to project acceptance at no additional cost 
to the State. 

 
G. The Contractor shall maintain at the site one copy of all Drawings, Specifications, 

Addenda, acceptable Shop Drawings, Change Orders, and other modifications, in good 
order and marked to record all changes made during construction. These shall be made 
available to the Owner. 

 
H. The Contractor shall keep the premises free from accumulation of waste materials or 

rubbish caused by his operations at all times. At the completion of the work, he shall 
remove all his waste materials and rubbish from and about the project as well as his 
tools, construction equipment, machinery, and surplus materials and shall clean all new 
equipment and accessories. 

 
I. The Contractor shall give the Owner timely notice of its readiness for testing any work 

including the data arranged so the Owner may observe such testing. The Contractor 
shall bear all cost of such tests. 

 
J. The Owner shall have the right to accept or reject material, equipment, and/or 

workmanship and determine when the Contractor has complied with the contract 
documents. 

 
1.03 INSPECTION OF SITE 
 

The Contractor shall visit the site and examine the conditions affecting his work before 
submitting his proposal. The submission of the proposal shall be considered evidence that the 
Contractor has visited the site and no extra payments will be allowed to the Contractor on 
account of extra work made necessary by his failure to visit the site. 

 
1.04 SUBMITTALS 
 

A. Submittals required in this and other sections of Division 15, MECHANICAL, shall 
conform  to  the  General  Provision  and  Special  Provisions  and  the  following 
additional requirements. Submittals shall include the manufacturer's name, trade 
name, place of manufacture, catalog model or number, nameplate data, size, layout 
dimension, capacity, project specification and paragraph reference, applicable 
industry, and technical society reference standards, years of satisfactory service, 
and other information necessary to establish contract compliance of each item the 
Contractor proposes to provide. Photographs of existing installations are 
unacceptable and will be returned without approval.  Submittals for each section of 
Division 15, MECHANICAL, shall be complete Incomplete submittals will be returned 
without review. 

 
1. Manufacturer's Catalog Data:   Submittals for each manufactured item shall be 

current manufacturer's descriptive literature of cataloged products, equipment 
drawings, diagrams, performance and characteristic curves, and catalog cuts.  
Each submittal shall clearly identify equipment to be provided. Information not 
pertaining to equipment shall be deleted or crossed out. 
 

  



JOB NO. CA-1332-C ENERGY EFFICIENT AIR CONDITIONING SYSTEM 
PN15140009 BUILDING 1898, KALAELOA, HAWAII 
 

STATE OF HAWAII MECHANICAL GENERAL REQUIREMENTS 
DEPARTMENT OF DEFENSE  15000 - 3  
 

2.       Shop Drawings: 
 

a. Provide at least six sets of shop drawings for each Section of Division 
15,  MECHANICAL.  Shop Drawings shall use a minimum scale of 1/4 
inch per foot on drawing sheets the same size as contract drawings. 
Include floor plans, sectional views, wiring diagrams, and installation 
details of  submitted equipment, and  equipment spaces identifying 
and indicating proposed location, layout and arrangement of items of 
equipment, control panels, accessories, piping, ductwork, and other 
items  that  must  be  shown  to  ensure  a  coordinated  installation. 
Wiring  diagrams  shall  identify  circuit  terminals,  and  indicate  the 
internal wiring for each item of equipment  and the  interconnection 
between each item of equipment.  Drawings shall indicate adequate 
clearance for operation, maintenance, and replacement of operating 
equipment devices.  If equipment is disapproved, drawings shall be 
revised to show accepted equipment and resubmitted. 
 

b. At least one set of shop drawings shall be produced on vellum the 
same size as contract drawings. These drawings shall include all 
revisions to the shop drawings. The contractor shall submit the original    
vellum shop drawings when submitting "AS-BUILT DRAWINGS". 

 
c.       When shop drawings have  substantial changes from the design  to 

the  point  that  compliance  with  "AS-BUILT   DRAWINGS"  of  this 
Section become  impractical,  the approved  shop drawing  shall  be 
substituted for  the  contract  drawing and  the  intent of  "AS- BUILT 
DRAWINGS"  paragraph  implemented   using  the  approved  shop 
drawings. 

 
d.        Electronic files of mechanical design drawings may be made available if 

requested, and provided the General Contractor and subcontractors 
sign an agreement satisfactory to the Engineer indemnifying him of all 
liabilities. The electronic files will be in AutoCAD 2007 DWG format 
and will contain only drawing layers pertaining to the mechanical 
system design.   
 

3.      Manufacturer's Instructions: Where installation procedures or part of installation   
procedures are required to be in accordance with the manufacturer's 
instructions, submit printed copies of those instructions with product 
submittals. All products or items that carry manufacturer's warranty shall be 
installed in accordance with manufacturer's instructions. Installation of the item 
shall not proceed until the manufacturer's instructions are received. Failure to 
submit shall be cause for rejection of the equipment or material. When 
manufacturer's instructions and these specifications have different 
requirements, the more stringent requirement shall prevail. However, if the 
requirements are conflicting, it is the Contractor's responsibility to notify the 
Engineer in writing prior to procurement and installation. 
All but not limited to, the following items shall be installed in accordance with 
the manufacturer's instructions and these bid documents. 
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Air Filter    Flexible Duct Connectors 
Chilled Water & Condensate Piping Flexible Pipe Connectors 
Direct Digital Controls   Gauges and Thermometers  
Duct Access Doors   Hi-Efficiency Motors  
Duct Insulation   Pipe Insulation 
Duct Sealer Duct Work   
Equipment Supports   Temperature Controls 
Valves and Accessories  Vibration Isolators 

 
4.        Certificates of Compliance: Submit a certificate of compliance from the 

manufacturer for approval for products, finishes, and equipment as specified in 
the Technical Sections whose compliance with organizational standards or 
specifications is not regulated by an organization using its own listing or label 
as proof of compliance. The certificates shall identify the manufacturer, the 
products, equipment, or materials, and the referenced standard and shall 
simply state that the manufacturer certifies that the product conforms to the 
requirements specified. 

 
5.       Reference  Standards  Compliance: Where equipment for materials are 

specified to conform to industry and technical society reference standards of 
organizations such as the American National Standards Institute (ANSI), 
American Society for Testing and Materials (ASTM), National Electrical 
Manufacturers Association (NEMA), American Society of Mechanical 
Engineers (ASME), American Gas Association (AGA), American Refrigeration  
Institute (ARI), and Underwriters Laboratories (UL), submit proof of such 
conformance.  If an organization uses a label or listing to indicate compliance 
with a particular reference standard, the label or listing will be acceptable 
evidence, unless otherwise specified in the individual sections. 

 
6.        Independent Testing Organization Certificate: In lieu of the label or listing, 

submit a certificate from an independent testing organization, competent to 
perform testing and approved by the Engineer. 

 
7.        Operation and Maintenance Manuals: When specified in subsequent Sections 

of Division 15, MECHANICAL, the Contractor shall submit 6 (six) complete 
sets of operating and maintenance manual on all equipment and the system 
as a whole. Each set shall be permanently bound with table of contents and 
shall have a hard cover. One complete set shall be furnished at the time the 
test procedure is submitted, and the remaining sets shall be furnished before 
the contract is completed. The following identification shall be inscribed on the 
covers: the words "OPERATING AND MAINTENANCE MANUALS," the 
project name, location of the building, name of the Contractor, telephone 
number, and date. Flysheet shall be provided for piece of equipment and 
each subject. The instruction sheets shall be approximately 8-1/2 by 11 
inches, with large sheets of drawings folded in. The instructions shall include, 
but shall not be limited to the following: 

 
a. Identify each equipment with tag number, manufacturer's name, model, 

serial number, capacity, location, and area or rooms served. 
 

b.       Manufacturer's Data 
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1)        Approved equipment submittal. 
2)        Manufacturer's wiring and control diagrams, with data to 

explain the detailed operation and control of each component. 
3)        Manufacturer's operating and maintenance manuals for each 

piece of equipment, including lubrication instructions. 
4)        Parts lists and recommended spare parts. 
5)         Manufacturer's bulletins, cuts and descriptive data. Applicable 

data shall be indicated by highlight, arrows, or underlining. Non-
applicable data shall be crossed-out. 

 
b. System layout showing piping, valves, and controls.  
 
c. Source of service and replacement parts. 
 
d. A control sequence describing startup, operation, shutdown, restarting 

after power failure. 
 

8. Operating Instructions: Submit text of posted operating instructions for each 
system and principal item of equipment as specified in the Technical 
Sections. 

 
9. As-Built Drawings: 
 

a. The Contractor shall maintain at the job site one (1) set of full size 
contract drawings, marking them in red to show all variations between 
the construction actually provided and that indicated or specified in the 
contract documents, including buried or concealed construction. 

 
b. Where a choice of material or method is permitted herein or where 

variations in scope or character of work from that of the original contract 
is authorized, the drawings shall be marked to define the construction 
actually provided. 

 
c.       Where equipment installation is involved, the size, manufacturer's 

name, model number, power input or characteristic as applicable shall 
be shown on the as-built drawings. 

 
d. The representation of such changes shall conform to standard drafting   

practice and shall include such supplementary notes, legends, and 
details as necessary to clearly portray the as-built construction. 

 
e. The drawings shall be maintained and updated on a daily basis. The 

Contractor shall sign, and date each sheet to certify that the dimensions 
and details shown on the drawings reflect the dimensions and details, 
and specifications as constructed in the field. 

 
f. Submit the following to the Engineer for review and approval: 

1) Job site marked-up drawings. 
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2) Incorporate into electronic drawing files all construction variations    
and information required by subparagraph 1 through 5 above, 
and submit final as-built drawings plotted with ink on 16 pound 
vellum. 

3) Electronic files of as-built drawings in AutoCAD 2007 DWG 
format on compact disc (CD). 

 
  10. Welders Qualifications: All welders shall be certified by an independent testing 

laboratory and certificates shall be submitted to the Engineer for approval. 
Testing of welders shall be in accordance with the welding section of ANSI 
B-31.09 "Building Services Piping". 

 
  11. Balancing Report and Maintenance Manuals: After installation, the new system 

shall be tested, balanced, and adjusted. Submit copies of the balancing report 
and operating and maintenance manuals for approval before final inspection. 

 
  12. Posted Operating Instructions: Submit in accordance to this section. 
 
  13. Warranty: Submit in accordance to this section. 
 
1.05 LAWS, REGULATIONS AND CODES 
 

A. All work shall be in accordance to government laws, ordinances, rules, and regulations 
and orders. 

 
 B. The following shall govern where applicable; City and County of Honolulu Plumbing 

Code, Building Code, Fire Code, Electrical Code, Hawaii Department of Health 
Regulations, U.S. Department of Health and Human Services, Applicable National Fire 
Protection Association Standards, OSHA, Rules and Regulations and all other codes 
and standards referenced in these specifications. Where requirements differ in these 
codes and standards, the more stringent shall apply. 

 
1.06 PERMITS AND INSPECTIONS 
 

A. Applications for permits will be done by the Contractor. The Contractor shall pay for all 
necessary permits and fees required for the mechanical work. 

 
 B. The Mechanical Contractor shall apply and pay for all necessary inspections required 

by any public authority having jurisdiction. 
 
1.07 DISCREPANCIES 
 

A. The Drawings and Specifications are intended to be cooperative.  Any materials, 
equipment, or system related to this section and exhibited on the Architectural, 
Structural, Electrical or Mechanical Drawings but not mentioned in the Specifications 
are to be executed to the intent and meaning thereof, as if it were both mentioned in the 
Specifications and set forth on the Drawings. 
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B. In case of differences between the Drawings and Specifications, the Specifications shall 
govern first, and then the Drawings.  Large-scale details shall take precedence over 
small scale Drawings as to the shape and details of construction.  Specifications shall 
govern as to materials. 

 
  C.  Drawings and Specifications are intended to be fully cooperative and to agree, but 

should any discrepancy or apparent difference occur between Drawings and 
Specifications or should error occur in the work of others affecting the work, the 
Contractors shall notify the Owner at once.  If the Contractor proceeds with the work 
affected without instructions from the Owner, he shall make good any resultant damage 
or defect.  All interpretations of Drawings and Specifications shall be clarified by the 
Owner. 

 
1.08 TRADE NAME 
 
 Mentioning of a trade name in the plans and specifications indicates that the manufacturer is 

acceptable to the Owner. However, certain specified construction and details may not be 
regularly included in the manufacturer’s catalogued product. The Mechanical Contractor shall 
provide the material or equipment complete as specified. 

 
1.09 WORKMANSHIP AND MATERIALS 
 

A. Workmanship shall be of the best quality and none but competent mechanical workers 
skilled in their trades and thoroughly familiar with the work involved shall be employed.  
The Contractor shall furnish the services of an experienced superintendent, who will be 
constantly in charge of the erection of the work, until completed and accepted. 

 
B. Unless otherwise hereinafter specified, each article of its kind shall be the standard 

product of a single manufacturer. 
 
C. Whenever the words "or acceptable equal" or other words of similar intent or meaning 

are used, implying that judgment is to be exercised, it is understood that it is the 
judgment of the Owner that is referred to. 

 
D. The Owner shall have the right to accept or reject material, equipment and/or 

workmanship and determine when the Contractor has complied with the requirements 
herein specified. 

 
E. All manufactured materials shall be delivered and stored in their original containers.  

Equipment shall be clearly marked or stamped with the manufacturer's name and 
rating.  Equipment and materials shall be carefully handled, properly stored, and 
adequately protected to prevent damage before and during installation, in accordance 
with the manufacturer's recommendations and as acceptable by the Owner.  Damaged 
or defective items, in the opinion of the Owner, shall be replaced. 

 
F. Reference to standards is intended to be the latest revision of the standard specified. 
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1.10 MANUFACTURER'S RECOMMENDATIONS 
 

  Equipment installed under this Division of the Specifications shall be installed according to 
manufacturer's recommendations, unless otherwise shown on the drawings or herein specified.  
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 Owner, 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 material. 

 
1.11 CONTINUITY OF SERVICES, PHASING 
 

A. It is intended that interruption of utilities be kept to a minimum.  Notice of service 
interruptions shall be submitted to the Owner for approval at least two weeks before 
intended date of service interruptions.  Exact date and time of interruption allowed shall 
be determined by the Owner.  Provide temporary valves, connections, piping, etc., as 
necessary to assure this continuity of service; they shall be furnished under this section 
without additional charge to the State and shall be removed when no longer necessary. 

 
B. The Contractor shall submit to the Owner a copy of his work schedule indicating the 

date and area to be affected by his work. 
 
C. Execute work using such methods, techniques, connections and tie-ins which will cause 

least interference with, and interruptions of, existing utilities and services.  Keep roads 
clear of materials, debris, etc., to maximum extent possible.  Schedule all arrangement 
for work which will cause interferences or interruptions, in advance with the Owner, all 
other affected trades and authorities having jurisdiction. 

 
D. Examine site and become familiar with existing local conditions affecting work. 
 
E. Examine all Drawings and Specifications, including electrical, and become familiar with 

the types and systems of construction to be used.  Determine how such types and 
systems will affect the installation of mechanical work. 

 
F. Investigate, determine and verify locations of any overhead utilities on or near site.  

Determine such locations in conjunction with all public and private utility companies and 
with all authorities having jurisdiction. 

 
1.12 OPENINGS, CUTTING AND REPAIRING 
 

A. The Mechanical Contractor shall cooperate with the work to be done under other 
sections in providing information as to openings required in walls and slabs for all piping 
including sleeves where required. 

 
B. Belowground concrete jackets, drilling or cutting required for the performance of work 

under this Section shall be the responsibility of the Contractor and the cost there shall 
be borne by Contractor. 

 
C. Holes in Concrete:  The Mechanical Contractor shall pay all costs for cutting holes.  All 

holes through existing concrete shall be either core drilled or saw cut. All holes required 



JOB NO. CA-1332-C ENERGY EFFICIENT AIR CONDITIONING SYSTEM 
PN15140009 BUILDING 1898, KALAELOA, HAWAII 
 

STATE OF HAWAII MECHANICAL GENERAL REQUIREMENTS 
DEPARTMENT OF DEFENSE  15000 - 9  
 

shall have the approval of the Owner prior to cutting and drilling. 
 
D. It shall be the responsibility of the Contractor to ascertain that all openings are properly 

located.  Openings shall be coordinated with structural drawings, Engineers and 
Contractors.  Provide sleeves and fire rated material through walls, slabs and beams as 
required by code. 

 
1.13 ELECTRICAL WORK 
 

A. Final hook-up power wiring to main mechanical equipment will be provided under 
DIVISION 16 - ELECTRICAL of Specifications.  Control devices requiring control and 
related power wiring shall be provided by the Licensed Controls Contractor and to be 
wired by their Electrical Contractor.  Mechanical Contractor shall not segregate or 
delineate the controls wiring including related power from the Licensed Contractor. 

 
B. Electrical work under Electrical Division is based on the electrical rating of equipment 

indicated on the Mechanical Drawings.  Additional electrical work caused by any 
deviation under the Mechanical Division shall be paid for by the Mechanical Contractor. 

 
C. All control and power wiring is included under mechanical work and shall be in 

accordance with Code requirements specified in DIVISION 16 - ELECTRICAL, and 
where specified in DIVISION 15 - MECHANICAL. 

 
D. The Mechanical Contractor shall furnish all starters for installation by the Electrical 

Contractor.  The Mechanical Contractor shall turn over these items to the Electrical 
Contractor at the site after receipt of notice from the Electrical Contractor that he is 
ready to install said items.  Mechanical Contractor shall be responsible for review of 
starters during Bid period.  After bid period mechanical contractor shall provide all 
starters and related control power wiring for their equipment whether or not indicated on 
drawings. 

 
1.14 ACCESS PANELS 
 
 Access panels in ceilings and walls required for access to valves, controls, fire and volume 

dampers; sensors, smoke detectors, control power J-Box, transformers and safety switches; 
thermostats, controllers, filters and other maintainable and code required accessible 
equipment, shall be provided by this contractor.  The access panels shall be equal to the walls, 
floor and ceiling fire rating and painted to match.  Contractor shall coordinate exact locations 
and sizes of access panels to insure that proper access to all items may be obtained. 

 
1.15 PAINTING 
 
 Contractor shall paint all exposed work specified in DIVISION 15 - MECHANICAL equipment 

piping, ducts, supports and conduits.  Paint shall match adjacent wall or ceiling; verify with 
Owner exact type, color, prime and number of coats of the paint required.   
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1.16 LABELING 
 
 Contractor shall label all mechanical equipment specified in DIVISION 15 – MECHANICAL with 

month and year of installation. 
 
1.17 SEISMIC RESTRAINTS 
 

Provide seismic restraints for mechanical systems in accordance with the Building Code. 
 
 
2- PRODUCTS 

 
2.01    MATERIALS AND EQUIPMENT 

 
 A. Asbestos Prohibition: No asbestos containing materials shall be used under this 

section. The Contractor shall ensure that all materials incorporated in the project 
are asbestos-free. 

 
 B.        Materials and equipment shall conform to the requirements of applicable Technical 

Sections, publications specified therein and shall be as shown. Materials  and 
equipment  shall  be  new  and  shall be  the  products  of  manufacturers regularly 
engaged in the manufacture of such products.  All items shall essentially duplicate 
materials and equipment that have been in satisfactory use at least two (2) years 
prior to bid opening and shall be supported by a service organization that is, in the 
opinion of the Engineer, reasonably convenient to the site of installation. 

 
 
3 - EXECUTION 

 
3.01 PIPING IDENTIFICATION 
 

A. Identification of all new pipe lines shall be by means of colored, waterproof, all 
temperature, self-adhering labels and directional arrow.  Refer to SECTION 09901 - 
PAINTING for color coding of existing and new piping. 

 
B. At Contractor's option, each and every system may be identified by painting with 

contrasting colors, using 3/4" high minimum stencil letters.  Painting shall be done by 
the Mechanical Contractor or his Subcontractor. 

 
C. All exposed pipes, whether insulated or not shall be identified.  Labels may be piping 

where the use is obvious, due to its connection to equipment and where the 
appearance would be objectionable in finished rooms, as acceptable by direction. 

   
D. Identification labels shall be placed as follows: 

 
1. Near each valve and branch connection 

 
2. Wherever piping merges or disappears from view from the floor of the room in 

which it is installed 
 
    3.  Labels shall not be more than 50 feet apart 
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3.02 VALVE INDEX  

A. The Mechanical Contractor shall provide brass or plastic tags on all valves with letters 
stamped or engraved thereon designating service of each valve. 

 
B. Identify electrical panel and related circuit breaker for controls power wiring. 
 
C. Valve, controllers and related power accessories identification shall be correlated with 

sequence of operation documents. 
 
3.03 FIELD TEST 
 
  The Mechanical Contractor shall perform all tests of the installed work and shall provide all 

services, labor, equipment, materials and instruments needed for the tests.  During pressure 
tests, all items in the system to be tested, not designed for test pressures shall be removed or 
isolated from the system and shall be reconnected or unblocked after tests are completed. 
Should operating tests require the presence of manufacturers' representatives, the Mechanical 
Contractor shall cooperate with them and shall place at their disposal all assistance, materials, 
and services required to perform such test.  The Mechanical Contractor shall certify in writing 
that all work has passed all required tests. 

 
3.04 OPERATION AND MAINTENANCE MANUAL 
   
  Furnish an operation and maintenance manual for each item of equipment.  Furnish copies of 

the manual bound in hardback binders or an acceptable equivalent.  Furnish one complete 
manual prior to the time that equipment tests are performed and furnish the remaining manuals 
before the contract is completed. Inscribe the following identification on the cover:  The words 
OPERATION AND MAINTENANCE MANUAL, the name and location of the equipment or the 
building, the name of the Contractor and the contract number. The manual shall include the 
names, addresses and telephone numbers of each subcontractor installing equipment and of 
the local representatives for each item of equipment. The manual shall have a table of contents 
and be assembled to conform to the table of contents with the tab sheets placed before 
instructions covering the subject. The instructions shall be legible and easily read, with large 
sheets of drawings folded in.  The manual shall include: Wiring and control diagrams with data 
to explain detailed operation and control of each item of equipment; a control sequence 
describing start-up, operation, and shut-down; description of the function of each principle item 
of equipment; the procedure for starting; the procedure for operating; shut-down instructions; 
installation instructions; maintenance instructions; lubrication schedule including type, grade, 
temperature range and frequency; safety precautions, diagrams and illustrations; test 
procedures; performance data; and parts list. The parts lists for equipment shall indicate the 
sources of supply, recommended spare parts and the service organization, which is reasonably 
convenient to the project site.  The manual shall be complete in all respects for equipment, 
controls, accessories and associated appurtenances provided. 

 
3.05 POSTED OPERATING INSTRUCTION 
   
  Furnish acceptable operation instructions for each principal item of equipment for the use of 

the operation and maintenance personnel.  The operation instructions shall include wiring 
diagrams, control diagrams and control sequence for each principal item of equipment.  
Operating instruction shall be printed or engraved and shall be framed under glass or in 
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acceptable laminated plastic and posted where directed by the Owner.  Operating instructions 
shall be attached to or posted adjacent to each principal item of equipment including start up, 
procedure in the event of equipment failure and other items of instruction as recommended by 
the manufacturer of each item of equipment.  Operating instructions exposed to the weather 
shall be made of weather-resistant materials or shall be suitably enclosed to be weather 
protected.  Operating instructions shall not fade when exposed to sunlight and shall be secured 
to prevent easy removal or peeling. 

 
3.06 QUALITY ASSURANCE  
  
  The Mechanical Contractor shall have a local Hawaii office, staffed with factory trained 

engineers fully capable of providing instruction, routine maintenance and emergency 
maintenance service on all system components.  The Mechanical Contractor shall have a three 
year experience record in the design and installation of chilled water plant systems similar in 
scope and performance to that specified herein, and shall be prepared to provide evidence of 
this history as condition of acceptance and approval. 

 
3.07 INSTRUCTION TO HIARNG PERSONNEL   
 
  The Contractor shall furnish the services of competent instructors who will give full instruction 

to the designated personnel in the adjustment, operation and maintenance, including pertinent 
safety requirements, of the equipment or system specified.  Each instructor shall be thoroughly 
familiar with all parts of the installation and shall be trained in operating theory as well as 
practical operation and maintenance work.  Instruction shall be given during the first regular 
workweek after the equipment or system has been accepted and turned over to the Owner for 
regular operation.  The number of man-days (8 hours) of instruction furnished shall be as 
specified in other sections.  When more than 4 man-days of instruction are specified, 
approximately half of the time shall be used for classroom instruction.  All other times shall be 
used for instruction with the equipment or system. When significant changes or modifications in 
the equipment or systems are made under the term of the contract, additional instruction shall 
be provided to acquaint the operating personnel with the changes or modifications. 

 
3.08 SAFETY REQUIREMENTS  
 

 Belts, pulley, chains, gears, couplings, projecting setscrews, keys and other rotating parts 
located so that any person can come in close proximity thereto shall be fully enclosed or 
properly guarded.  High temperature equipment and piping so located as to endanger 
personnel or create a fire hazard shall be properly guarded or covered with insulation of a type 
as specified herein. Items such as catwalks, ladders, and guard rails shall be provided where 
required for safe operation and maintenance of equipment. 

 
3.09 FINAL INSPECTION 
   
  Final inspection shall be requested by the Mechanical Contractor only after submittal of all 

required certificates.  No final inspection will be made until all moving parts of equipment are 
properly guarded, all controls and safety devices tested and operative, all painting required is 
done and the site cleaned up. 
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3.10 WARRANTEE 
  
  All air conditioning and ventilation systems, plumbing, controls, and energy management 

systems shall be provided with a one year warranty from the date of acceptance of the project 
by the Owner against any defects due to faulty materials, equipment, workmanship, or 
installation.  Upon notice of defect, the Mechanical Contractor shall correct or replace defective 
item at no additional cost to the State.  The Contractor shall be advised that the Owner shall 
have the right for beneficial use of all new equipment prior to the project acceptance and 
guarantee period. The guarantee period shall be for one year after acceptance date. Start of 
beneficial use is not the start of the guarantee period.  

 
END OF SECTION 
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SECTION 15650 

 
AIR CONDITIONING AND VENTILATION 

 
1 - GENERAL 
  
1.01 SUMMARY 
 

A. Work under this Section of the specifications includes all labor, materials, equipment 
and services necessary to complete mechanical work as shown on the drawings and 
herein specified including, but not limited to: 

 
  1. Chilled water piping and accessories. 
  2. Refrigerant piping and accessories. 
  3. Condensate drain piping. 
  4. Ductwork and accessories. 
  5. Insulation. 
  6. Air-cooled scroll chillers. 
  7. Chilled water pumps. 
  8. Direct expansion split-system air conditioning units. 
  9. Supply air fans. 
  10. Controls and control wiring. 
  11. Corrosion protection. 
  12. Adjusting, balancing, and testing. 
  13. Painting and finishing. 
  14. Operating and maintenance instructions. 
  15. Manufacturer’s literature, shop drawings, record drawings. 
 

B. Related Sections: 
 

 1. SECTION 09900 – PAINTING 
 2. SECTION 15000 – MECHANICAL GENERAL REQUIREMENTS 
 3. SECTION 15900 – HVAC TESTING/ADJUSTING/BALANCING 
 4. SECTION 15950 – DIRECT DIGITAL CONTROL SYSTEMS 
 5. DIVISION 16 – ELECTRICAL 

 
1.02 GENERAL REQUIREMENTS 
 

A. There general mechanical requirements govern work specified under all sections of 
DIVISION 15 – MECHANICAL 

 
B. The Contractor shall furnish all labor, materials, tools, and equipment and perform all 

work and services necessary for a complete and properly operational mechanical work, 
equipment and systems, as shown on drawings and as specified, in accordance with 
provisions of the Contract Documents and completely coordinated with work of all other 
trades. 
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C. The Contractor shall examine completely the Contract Documents and shall report to 
the Owner any error, inconsistency, or omission he discovers. Otherwise the Contractor 
shall furnish and install all omissions or discrepancies as if the same were specified and 
provided for. 

 
D. Furnish and install all supplementary of miscellaneous items, details, appurtenances 

and devices incidental to or necessary for a sound, secure, and complete mechanical 
system where work required is not specifically indicated. 

 
E. The Contractor shall warrant that all materials and equipment furnished under this 

Contract will be new and that all work will be good quality, free from faults and defects 
and in conformance with contract documents for a guaranteed period of one year. It 
shall be the Contractor’s responsibility to obtain extended warranties for use of all new 
equipment provided by the Contractor prior to project acceptance at no additional cost 
to the State. 

 
 F. Drawings and Specifications: 
  The drawings and specifications are intended to cover the complete installation of 

systems to function as described. The omission of reference to any necessary item of 
labor or material does not relieve the Contractor from providing such labor or material. 
Drawings do not attempt to show exact details of piping and ductwork. Provide offsets 
as necessary to avoid local obstructions or interferences with other trades. 

 
1. Contract Drawings: Mechanical plans are essentially diagrammatic, showing 

locations of ducts, and other mechanical equipment. Where locations are not 
dimensioned, they are approximate, and before installing, Contractor shall study 
existing conditions and make installation in most logical manner. 

 
2. Shop Drawings:  As soon as practical, and within 30 days after award of contract 

and before commencement of installation of any materials and equipment, six 
sets of shop drawings shall be submitted.  Submittals shall consist of a complete 
list of equipment and materials, including manufacturer's descriptive and 
technical literature, performance charts and curves, catalog cuts, and installation 
instructions.  Incomplete and partial submittals will be returned unreviewed.  
Shop drawings shall also be submitted which contain layout drawings of 
ductwork and piping showing locations of hangers and supports, capacity curves 
or ratings to assure balanced refrigeration at the design conditions, and any 
other details required to demonstrate that the system has been coordinated and 
will properly function as a unit.  Where piping and equipment are to be 
supported other than as indicated, the details shall include loadings and types of 
frames, brackets, stanchions, or other supports.  Control diagrams shall be 
submitted which identify each component and show all interconnected or 
interlocked components and the control sequence. 

 
  3.  Record Drawings:  Contractor shall keep a record set of drawings available at 

the jobsite on which all changes and additions in the Mechanical Work are 
shown.  Contractor shall furnish the Engineer with reproducible drawings of each 
installation showing the exact location of all items which are different from the 
original drawings. 
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1.03 WARRANTY 
 

A. All work in this Section shall be under warranty for a period of one (1) year from the 
date of acceptance as a whole by the Owner. Should any equipment or material fail 
within this period, the Contractor shall replace or repair that item at no cost for material 
and/or services, if such is due to faulty workmanship or quality of material furnished. 

 
 B. The Contractor shall be responsible for all damage to any part of the premises caused 

by failure in the equipment furnished under this section for a period of one year after 
the final acceptance of the work as a whole. 

 
 
2- PRODUCTS 

 
2.01    MATERIALS  

  
 All materials delivered to the job site and installed shall be new, best of their respective grades 

and as specified on the drawings. Materials shall be of the same brand or manufacturer 
throughout for each class of material or equipment. 

 
A. Chilled Water Piping, and Accessories:  

 
1. Pipe (4" and Smaller):  Black steel, schedule 40, ASTM 120, or copper tubing, 

hard drawn, Type L, ASTM B88. 
 
2. Pipe (Over 4"):  Black steel, schedule 40, ASTM A120. 
 
3. Fittings, Steel Pipe:  Threaded for 2" and smaller, malleable iron, 125 pound 

class, ANSI B16.3.  Threaded or welded for 2" and 3".  Butt-weld type over 3", 
ANSI B16.9.  Flanges for steel pipe shall be welded neck type, ANSI B16.5.  
Fittings shall be suitable for 125 psi cold water service. 

 
4. Fittings, Copper Tubing:  Cast brass or wrought copper, solder joint type, ANSI 

B16.18 or B16.22.  Solder shall be Type 95/5 tin-antimony, ASTM B32. 
 

  5.  Valves:  Valves 2 inches and smaller shall be bronze body, with threaded 
connections for black steel pipe and soldered connections for copper tubing.  
Valves 2-1/2 and 3 inches shall be either bronze or cast iron with threaded, 
soldered, or flanged ends as required.  Valves 4 inches and larger shall be iron 
body bronze mounted with flanged ends.  Valves shall be designed for 125 psi 
or 150 psi service and 250o F.  Bronze gate valves and check valves shall 
conform to MSS SP-80.  Cast iron gate valves shall conform to MSS SP-70. 

   a.  Butterfly valves shall be cast iron body, lug type, bubble-tight shut off, 
150 pound class.  Valves shall have corrosion resistant steel stems and 
corrosion resistant or bronze discs with molded elastomer seats.  
Operators shall be manual throttling handles with minimum seven 
locking positions. 

   b.   Check valves shall be cast iron body silent check type, wafer style, 
spring actuated, bronze trim, 125 pound class. 
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6. Strainers:  Iron body Y-pattern type with monel, stainless steel, or brass screen 
and blowoff connection fitted with a bronze hose bibb. 

 
7. Flexible Connections:  Flexible neoprene connectors with control rods, Mason 

Type MFNC or approved equal. 
 

8. Hangers:  MSS SP-58 and SP-69, types 1, 6, 9, or 11 for suspended piping.  
Provide turnbuckles type 13 and 15 where required for vertical adjustment.  
Maximum spacing shall be as specified in SP-69. 

 
9. Thermometers:  Dial type, 3-1/2 inch diameter, chrome plated case, white face 

with black digits, 2-degree increments, 0 - 100oF range. 
 
10. Pressure Gages:  Bronze bourdon tube, 4-1/2 inch round face, scale 0-100 lbs. 

with bronze gage cocks. 
 
11. Air Vent Valves:  Automatic type, cast iron body with corrosion resistant steel 

float, linkage, and removable seat.  Provide at all high points. 
 
12. Dielectric Unions:  Provide dielectric unions between ferrous and non-ferrous 

piping. 
 
13. Backflow Preventer:  Shall be reduced pressure type approved by State Health 

Department.  Bronze body, 175 lb. pressure rating, Watts Model 909 or 
approved equal. 

 
14. Expansion Tank:  Welded steel, ASME labeled, 125 psig design pressure, with 

gage glass and air control fitting.  Bell and Gossett Airtrol or approved equal. 
 
15. Pressure Reducing Valve:  Bronze body direct acting type, 150 psig maximum 

inlet pressure, and adjustable outlet pressure 10 to 50 psig.  Watts Model U5B 
or approved equal. 

 
16. Automatic flow control valves shall be factory set at indicated flows, designed to 

limit the rate of flow to the set value regardless of system pressure fluctuations.  
Valves shall have body tappings suitable for connecting instruments for 
verifying flow control performance.  Valve bodies shall be brass or bronze with 
solder joint ends.  Griswold, or approved equal.  Provide with valve kit located 
outside of insulation, and hose fittings.  Provide one portable measuring kit 
consisting of carrying case, instructions, hoses, connectors, push-button 3-way 
valve, and 4-1/2 inch pressure gage. 

 
B. Refrigerant Piping and Accessories: 

 
1. Copper tubing, ASTM B280, soft-annealed where bending is required and hard 

drawn where no bending is required.  Soft annealed shall not be used larger 
than 1-3/8 inches.  Joints shall be brazed. 

 
2. Fittings:  Wrought copper or forged brass sweat fittings, ANSI B16.22 and 

ASTM B75. 
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3. Solder:  Silver solder conforming to AWS A5.8.  Melting point not less than 

1145°F. 
 
4. Refrigerant Shut-Off Valves:  Valves shall be designed for use with the 

refrigerant used and shall have pressure ratings compatible with system 
working pressures encountered.  Valves for copper tubing shall be all-brass, 
hand wheel operated, diaphragm packless type globe or angle valves in sizes 
up to and including 5/8 inch.  In sizes over 5/8 inch the valves shall be brass or 
bronze globe or angle type, wrench operated with ground-finish stems, packed 
especially for refrigerant service, back-seated, and provided with seal caps. 

 
5. Supports:  MSS-SP-58 and SP-69, types 1,5,6,7,9,10, or 11 for suspended 

piping.  Provide turnbuckles type 13 and 15 where required for vertical 
adjustment.  Maximum spacing shall be specified in SP-69. 

 
6. Strainers:  Brass or cast iron body, Y-pattern, cleanable, minimum 60-mesh 

non-corrodible screen with net free area not less than 10 times the pipe area, 
with pressure rating compatible with refrigerant service. 

 
7. Solenoid Valves:  The valves shall be of the 2 position, direct acting or pilot 

operated types, opened or closed, electrically as specified for use with liquid or 
gas refrigerant.  The valves shall be designed for the required pressure drop 
and shall conform to ARI 760 and shall be listed by the Underwriters' 
Laboratories, Inc. for the service. 

 
8. Thermostatic Expansion Valves:  The expansion valves shall be of the 

diaphragm and spring loaded type with external equalizers, bulb and tubing, 
and external superheat adjustment with seal cap.  The valve size and 
superheat adjustment shall be as recommended by the valve manufacturer.  
Valves shall be tested and rated in accordance with ANSI B60.1 and 750 for 
capacities up to 135,000 Btu per hour.  Valves shall have brass, bronze or 
semi-steel bodies with stainless steel or non-corrosive non-ferrous internal 
parts.  Valves shall have brazing connections.  Thermostatic expansion valve 
bulb shall be stable, and non-migrating and shall be suitable for the refrigerant 
valve capacity and evaporator temperature and shall be as recommended by 
the valve manufacturer. 

 
9. Liquid Line Driers:  The liquid line drier shall be the solid desiccant type.  Flow 

rate capacity shall be within the maximum allowable pressure drop, and safety 
shall conform to the requirements of ARI Standard 710.  Drier body shall be of 
brass or steel and shall be provided with means for holding the desiccant 
securely in place and distributing the liquid refrigerant evenly throughout the 
desiccant.  Driers shall be capable of withstanding a pressure of 350 psi.  
Driers may be of the combination drier-indicator type. 

 
10. Moisture Indicators:  The moisture indicators in the liquid line of refrigerant 

systems shall contain indicating material that will indicate moisture by varying 
degrees of color change, based on 100 degrees F and a moisture content in 
the range of 45 to 180 particles per million in refrigerant.  Indicators shall be a 
brass or bronze or heavily copper plated steel fitting with the indicator material 
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located under a bulls-eye.  Indicators shall be capable of withstanding a test 
pressure of 350 psig without damage. 

 
11. Liquid Refrigerant Sight Glass:  The sight glass shall be of the double-port see-

through type with two bulls-eyes and part of the moisture indicator.  Sight glass 
indicators shall be capable of withstanding a test pressure of 350 psig without 
damage.  Sight glass body shall be forged brass or bronze with fittings as 
specified hereinbefore for refrigerant piping. 

 
12. Liquid Receiver:  Liquid receiver shall be the vertical or horizontal type, 

designed, fitted and rated in conformity with ARI 495, except as modified 
herein.  The receiver shall be constructed and tested in conformity with Section 
VIII of the American Society of Mechanical Engineers (ASME) Boiler and 
Pressure Vessel Code.  Each receiver shall have a storage 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, relief valves of capacity and setting required by ANSI B9.1, and two 
bulls-eye liquid level sight glasses.  Sight glasses shall be in same vertical 
plane, 90 degrees apart, perpendicular to axis of receiver. 

 
C. Condensate Drain Piping: 

 
1. Pipe and Fittings:  Schedule 40 PVC socket joint pipe and fittings, ASTM 

D1785, with solvent cement joints. 
 
  2. Supports:  As specified for [chilled water] [refrigerant] piping. 
 

D. Ductwork and Accessories: 
 
1. Sheet Metal Ductwork:  Galvanized steel sheets, ASTM A527. Construction, 

gages, and reinforcement shall comply with SMACNA HVAC Duct Construction 
Standards, 1985 Edition. 

 
2. Fittings:  Vaned elbows, take-offs, branch connections, transitions, volume 

dampers, and flexible connections shall comply with SMACNA standards.  
Dampers shall be opposed blade type with locking quadrant.  Provide turning 
vanes in all elbows and where indicated. 

 
3. Supports:  Galvanized steel straps or hanger rods in accordance with SMACNA 

Duct Construction Standards. 
 
4. Flexible Connections:  Neoprene coated glass fabric weighing approximately 

30 ounces per square yard. 
 
5. Flexible Ducts:  UL Class 1 air duct insulated with fiberglass, Owens-Corning 

INL-25 Flexible Duct, or equal. 
 
6.  Acoustical Duct Liner:  1-inch thick fiberglass with flame retardant coating, 1.5 

pcf density.  UL listed with flame spread rating of 25 and smoke developed 
rating of 50.  Owens-Corning, Certainteed, Manville or equal. 
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 E. Variable Volume Terminal Units:  Variable volume, single duct, terminal units shall be 
provided with a calibrated air volume sensing device, air valve or damper, actuator, 
and accessory relays.  Units shall control air volume to within plus or minus 5 percent 
of each air set point volume as determined by the thermostat with variations in inlet 
pressures from 3/4- to 6-inch water gauge.  Internal resistance of units shall not 
exceed 0.4 inch water gauge at maximum flow range.  External differential pressure 
taps separate from the control pressure taps shall be provided for air flow 
measurement with a 0 to 1 inch water gauge range. 

 
1. Diffusers:  Louvered face type with surface flange, distribution pattern as 

indicated, volume control opposed blade damper, and extractor.  Finish shall be 
off-white baked enamel.  Material shall be aluminum.  Face plate shall be 
removable.  

 
2. Registers:  Fixed pattern, surface mounted, all aluminum, 45 degree deflection. 

 
3. Grilles:  As specified for registers, without damper. 
 
4. Backdraft Damper:  Backdraft damper shall be factory fabricated unit with 

delicately balanced blades that open automatically when the fan starts and 
close by gravity when the fan stops.  Edges of blades shall be provided with felt 
or rubber strips to prevent rattling and insure a tight seal. 

 
5. Fire Dampers:  Provide where indicated and where required by NFPA 90A.  

Dampers shall comply with UL 555 and installation shall comply with SMACNA 
Fire Damper Guide for Air Handling Systems.  Provide duct access panel at 
each fire damper for accessibility. 

 
6. Birdscreens:  Two by two mesh, 0.063 inch diameter aluminum wire or .031 

inch diameter stainless steel wire, with frame. 
 

E. Insulation:  Insulation, adhesives, coatings and accessories shall have surface burning 
characteristics as determined by ASTM E84, NFPA 255 and UL 723, not to exceed 25 
for flame spread and 50 for smoke developed. 
 

  1. Chilled Water Piping: 
   a. Cellular Glass:  ASTM C552, Type II, Class 1 or 2, preformed. 
   b. Flexible Unicellular:  ASTM C534, Type 1. 
   c. Polystyrene:  Closed cell type, for outdoor use only. 
   d. Mineral Fiber:  ASTM C547 Class 1. 
 
  2. Refrigerant Suction Piping and Condensate Drain Piping: 
   a. Flexible Unicellular:  ASTM C534, Type 2. 
   b. Polystyrene:  Closed cell type, for outdoor use only. 
 
  3. Pipe Insulation Finishes: 
   a. All Purpose Jacket: Provide factory applied all-purpose jacket with 

integral vapor barrier.  Jackets in exposed locations shall have smooth, 
white surface suitable for painting.  Jacket may be omitted on flexible 
unicellular insulation only. 

   b. Vapor Barrier Material:  Fed. Spec. HH-B-100, Type I. 
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   c. Aluminum Jackets:  ASTM C921, Type II, 0.016 inch thick, smooth. 
   d. Vinyl Lacquer:  Provide two coats of vinyl lacquer finish or equal on 

flexible unicellular insulation located outdoors. 
 

4. Duct Insulation:  Flexible fiberglass blanket, ASTM C 553, Type 1, class B-4, 1-
1/2 pcf. 

 
  5. Duct Insulation Finishes: 
   a. Multi-Purpose Jacket: Provide factory applied jacket with integral vapor 

barrier. 
   b. Vapor Barrier Material:  Fed. Spec. HH-B-100B, Type I or II. 
 
  6. Equipment Insulation: 
   a. Flexible Fiberglass, ASTM C 553, Type 1, Class B-3, with vapor barrier. 
   b. Rigid Fiberglass, ASTM C 612, Class 2 with vapor barrier. 
   c. Cellular Glass, ASTM C 552, Type I. 
 

7. Chilled Water Pump Insulation:  Bolted, two piece 22 gage galvanized sheet 
metal box lined with 1-1/2 inch thick cellular glass, ASTM C 552, Type 1. 

 
F. Corrosion Protection 

 
1. The finned coils shall be coated by an experienced and product manufacturer 

approved locally applied applicator who has developed the coating techniques 
necessary to apply uniform coating to all surfaces, avoiding excessive buildup 
on fin edges and other areas that would impair heat exchange.  Coating shall 
be applied under shop conditions utilizing a clean, dry under-roof area with 
specialized equipment.  Such an experienced and approved applicator with 
proper facilities is International A/C Coatings, Honolulu, Hawaii or other 
approved applicator. 

 
2. The entire apparatus being coated shall be dismantled to the maximum degree 

without disturbing piping or wiring. Upon completion of the coating, the 
apparatus shall be reassembled with care so that the coating surface is not 
damaged. 

 
3. Surface preparation and application shall be in strict accordance with the 

coating manufacturer’s instructions. 
 
4. Coating System for Finned Coils: Blygold Polual, or Thermoguard aluminum 

impregnated polyurethane coating.  The coating shall provide inherent 
protection against ultraviolet radiation.  The coating manufacturers shall provide 
a 3 year written conditional warranty for the coating within the contiguous 
United States and Hawaii. 

 
5. Coating System for Other Surfaces:  Epoxy, Thermoguard or Polysiloxane 

similar to Ameron PSX 700 Engineered Siloxane shall be properly modified and 
applied by the approved applicator. 

 
6. All protective coatings shall be applied in accordance with the manufacturers’ 

recommendations and by manufacturers’ certified/ approved applicators. 
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  7. Workmanship:  Application of coating materials shall be done by skilled 

applicators.  Criteria of good workmanship desired and neat appearance of the 
finished surfaces are:  absence of sags, runs, and unnecessary brush marks.  
Other criteria are:  thorough mixing of coatings, limited use of thinners, 
uniformity of film thickness, proper drying time between coats, and protection of 
surfaces not to be coated. 

 
2.02 EQUIPMENT 
 

A. Air Cooled Scroll Chillers 
  1. General 
   a. System Description: 
    Carrier 30RAP-090 or approved equal. Microprocessor controlled, air-

cooled liquid chiller utilizing scroll compressors, low sound fans, 
electronic expansion valve, optional hydronic pump system, and fluid 
storage tank.  

 
   b. Quality Assurance: 
    1) Unit shall be rated in accordance with AHRI Standard 550/590, 

latest edition (U.S.A.) and all units shall be ASHRAE 90.1 
compliant. 

    2) Unit construction shall comply with ASHRAE 15 Safety Code, UL 
latest edition, and ASME applicable codes (U.S.A. codes). 

    3) Unit shall be manufactured in a facility registered to ISO 
9001:2000 Manufacturing Quality Standard. 

    4) Unit shall be full load run tested at the factory. 
 
   c. Delivery, Storage and Handling 
    1)  Unit controls shall be capable of withstanding 150 F (66 C) 

storage temperatures in the control compartment. 
    2) Unit shall be stored and handled per unit manufacturer’s 

recommendations. 
 
  2. Products 
   a.  General: 
    Factory assembled, single-piece chassis, air-cooled liquid chiller. 

Contained within the unit cabinet shall be all factory wiring, piping, 
controls, refrigerant charge (R-410A), and special features required prior 
to field start-up. 

 
   b.  Unit Cabinet: 
    1)  Frame shall be of heavy-gage, galvanized steel. 
    2)  Exterior panels shall be galvanized steel with a baked enamel 

powder or pre-painted finish. 
    3)  Cabinet shall be capable of withstanding 500-hour salt spray test 

in accordance with the ASTM (U.S.A.) B-117 standard. 
 
   c.  Fans: 
    1)  Condenser fans shall be direct-driven, 9-blade airfoil cross-

section, reinforced polymer construction, shrouded-axial type, 
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and shall be statically and dynamically balanced with inherent 
corrosion resistance. 

    2)  Fan operation shall allow reduced sound levels during scheduled 
unoccupied operating periods. Manufacturers without unoccupied 
reduced sound capability shall submit 1/3 octave band data and 
sound power data as measured according to ARI 370 as 
confirmation of unit sound characteristics. 

    3)  Air shall be discharged vertically upward. 
    4)  Fans shall be protected by coated steel wire safety guards. 
 
   d.  Compressor/Compressor Assembly: 
    1)  Fully hermetic, direct-drive, scroll type compressors. 
    2)  Compressor motors shall be cooled by refrigerant gas passing 

through motor windings and shall have either internal line break 
thermal and current overload protection or external current 
overload modules with compressor temperature sensors. 

    3)  Compressors shall be mounted on rubber in shear vibration 
isolators. 

    4)  Staging of compressors shall provide unloading capability. Digital 
compressor unloading control shall be available as an option. 

 
   e.  Cooler: 
    1)  Cooler shall be rated for a refrigerant working-side pressure of 

505 psig (3482 kPa) on sizes 010-025 and 565 psig (3896 kPa) 
on sizes 030-060 and shall be tested for a maximum water-side 
pressure of 300 psig (2068 kPa) or 150 psig (1034 kPa) when 
optional hydronic package is installed. 

    2)  Shall be single-pass, ANSI type 316 stainless steel, brazed plate 
construction. 

    3)  Shell shall be insulated with 3/4-in. (19 mm) closed-cell, 
polyvinyl-chloride foam with a maximum K factor of 0.28. 

    4)  Shall incorporate 2 independent refrigerant. 
    5)  Cooler shall have an optional factory-installed heater, to protect 

cooler from ambient temperature freeze down to –20 F (–29 C). 
    6)  Unit shall be provided with a factory-installed flow switch. 
    7)  All connections shall use standard Victaulic-type fittings. 
 
   f.  Condenser: 
    1)  Coil shall be air-cooled Novation® heat exchanger technology 

with microchannel (MCHX) coils and shall have a series of flat 
tubes containing a series of multiple, parallel flow microchannels 
layered between the refrigerant manifolds. Coils shall consist of a 
two-pass arrangement. Coil construction shall consist of 
aluminum alloys for fins, tubes, and manifolds in combination 
with a corrosion-resistant coating. 

    2)  Tubes shall be cleaned, dehydrated, and sealed. 
    3)  Assembled condenser coils shall be leak tested and pressure 

tested at 656 psig (4522 kPa). 
 
   g.  Refrigeration Components: 
    Refrigerant circuit components shall include filter drier, moisture 
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indicating sight glass, electronic expansion device, and complete 
operating charge of both refrigerant R-410A and compressor oil. 

 
   h.  Controls, Safeties, and Diagnostics: 
    1)  Unit controls shall include the following minimum components: 
     a)  Microprocessor with non-volatile memory. Battery backup 

system shall not be accepted. 
     b)  Single terminal block for power and controls. 
     c)  Control transformer to serve all controllers, relays, and 

control components. 
     d)  ON/OFF control switch. 
     e)  Replaceable solid-state controllers. 
     f)  Pressure sensors shall be installed to measure suction 

and discharge pressure for each circuit. Thermistors shall 
be installed to measure cooler entering and leaving fluid 
temperatures, outdoor ambient temperature, and suction 
temperature. Provision for field installation of accessory 
sensor to measure compressor return gas temperature. 

    2)  Unit controls shall include the following functions: 
     a)  Automatic circuit lead/lag for dual circuit chillers. 
     b)  Hermetic scroll compressors are maintenance free and 

protected by an auto-adaptive control that minimizes 
compressor wear. 

     c)  Capacity control based on leaving chilled fluid 
temperature and compensated by rate of change of 
return-fluid temperature with temperature set point 
accuracy to 0.1° F (0.06° C). 

     d)  Limiting the chilled fluid temperature pulldown rate at 
start-up to an adjustable range of 0.2° F to 2° F (0.11° C 
to 1.1° C) per minute to prevent excessive demand spikes 
at start-up. 

     e)  Seven-day time schedule. 
     f)  Leaving chilled fluid temperature reset from return fluid 

and outside air temperature. 
     g)  Chilled water pump start/stop control and primary/standby 

sequencing to ensure equal pump run time. 
     h)  Dual chiller control for parallel chiller applications without 

addition of hardware modules and control panels 
(additional thermistors and wells are required). 

     i)  Timed maintenance scheduling to signal maintenance 
activities for pumps, condenser coil cleanings, strainer 
maintenance and user-defined maintenance activities. 

     j)  Boiler enable signal to initiate system heating mode. 
     k)  Low ambient protection to energize cooler and hydronic 

system heaters. 
     l)  Periodic pump start to ensure pump seals are properly 

maintained during off-season periods. 
     m)  Single step demand limit control activated by remote 

contact closure. 
     n)  Nighttime sound mode to reduce the sound of the 

machine by a user-defined schedule. 
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    3)  Diagnostics: 
     a)  The control panel shall include, as standard, a scrolling 

marquee display capable of indicating the safety lockout 
condition by displaying a code for which an explanation 
may be scrolled at the display. 

     b)  Information included for display shall be: 
      (1)  Compressor lockout. 
      (2)  Loss of charge. 
      (3)  Low fluid flow. 
      (4)  Cooler freeze protection. 
      (5)  Cooler set point. 
      (6)  Chilled water reset parameters. 
      (7)  Thermistor and transducer malfunction. 
      (8)  Entering and leaving-fluid temperature. 
      (9)  Compressor suction temperature. 
      (10)  Evaporator and condenser pressure. 
      (11)  System refrigerant temperatures. 
      (12)  Chiller run hours. 
      (13)  Compressor run hours. 
      (14)  Compressor number of starts. 
      (15)  Low superheat. 
      (16)  Time of day: 
       (a)  Display module, in conjunction with the 

microprocessor, must also be capable of 
displaying the output (results) of a service 
test. Service test shall verify operation of 
every switch, thermistor, fan, and 
compressor before chiller is started. 

       (b)  Diagnostics shall include the ability to 
review a list of the 20 most recent alarms 
with clear language descriptions of the 
alarm event. Display of alarm codes 
without the ability for clear language 
descriptions shall be prohibited. 

       (c)  An alarm history buffer shall allow the user 
to store no less than 20 alarm events with 
clear language descriptions, time and date 
stamp event entry. 

       (d)  The chiller controller shall include multiple 
connection ports for communicating with 
the local equipment network, the Carrier 
Comfort Network® (CCN) system and 
access to chiller control functions from any 
point on the chiller. 

       (e)  The control system shall allow software 
upgrade without the need for new 
hardware modules. 

    4)  Safeties: 
     a)  Unit shall be equipped with thermistors and all necessary 

components in conjunction with the control system to 
provide the unit with the following protections: 
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      (1)  Loss of refrigerant charge. 
      (2)  Reverse rotation. 
      (3)  Low chilled fluid temperature. 
      (4)  Thermal overload. 
      (5)  High pressure. 
      (6)  Electrical overload. 
      (7)  Loss of phase. 
     b)  Factory pump motors shall have external overcurrent 

protection. 
 
   i.  Operating Characteristics: 
    1)  Unit shall be capable of operating down 32 F (0° C) as standard. 
    2)  Unit shall be capable of starting and running at outdoor ambient 

temperatures up to 120 F (50 C) for all sizes. Unit shall 
additionally be able to stay online when running with a 125 F (52 
C) ambient temperature. 

    3)  Unit shall be capable of starting up with 95 F (35 C) entering fluid 
temperature to the cooler. 

 
   j.  Motors: 
    Condenser-fan motors shall be totally enclosed single-speed, 3-phase 

type with permanently lubricated bearings and Class F insulation (except 
Motormaster® V control motors which shall be open type and shall have 
Class B insulation). 

 
   k.  Electrical Requirements: 
    1)  Unit/module primary electrical power supply shall enter the unit at 

a single location. 
    2)  Unit shall operate on 3-phase power at the voltage shown in the 

equipment schedule. 
    3)  Control points shall be accessed through terminal block. 
    4)  Unit shall be shipped with factory control and power wiring 

installed. 
 
   l.  Chilled Water Circuit: 
    1)  Chilled water circuit shall be rated for 300 psig (2068 kPa). Units 

with optional pump package are rated for 150 psig (1034 kPa) 
working pressure. 

    2)  Solid-state flow monitor with integral relay shall be factory 
installed and wired. 

    3)  Brass body strainer with 40 mesh screen and ball type blow 
down. 

 
   m.  Special Features: 
    1) Hot Gas Bypass: 
     Unit shall be equipped with factory or field installed, 

microprocessor-controlled, hot gas bypass that shall permit unit 
operation down below the minimum standard step of capacity. 

    2)  Energy Management Module: 
     A factory or field-installed module shall provide the following 

energy management capabilities: 4 to 20 mA signals for leaving 
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fluid temperature reset, cooling set point or demand limit control; 
2-point demand limit control (from 15% to 100%) activated by a 
remote contact closure; and discrete input for “Ice Done” 
indication for ice storage system interface. 

    3)  Vibration Isolation: 
     Vibration isolation pads shall be supplied for field installation at 

unit mounting points. Pads shall help to reduce vibration 
transmission into the occupied space. CALDYN CH-6x6 
neoprene waffle pads with 11-gauge and 16-gauge steel shims 
or approved equal.  

    3)  BACnet Translator Control: 
     Unit shall be supplied with field-installed interface between the 

chiller and a BACnet Local Area Network (LAN, i.e., MS/TP EIA-
485). 

    4)  GFI Convenience Outlet: 
     Shall be factory or field installed to provide the chiller with a 4 

amp GFI receptacle. The receptacle shall have independent fuse 
protection. The convenience outlet is a 115-v female receptacle. 

    5)  Value Sound Fans: 
     Shall provide propeller-type fans for applications that are not 

highly sound-sensitive. 
    6)  High SCCR (Short Circuit Current Rating): 
     The optional high SCCR (short circuit current rating) device shall 

allow the chiller to tolerate a 65 kA (208/230, 380 and 460-v 
units) or 25 kA (575-v units) short circuit current for a brief period 
of time while protecting downstream components. The high 
SCCR option shall provide a higher level of protection than the 
standard unit. 

 
B. Chilled Water Pumps 
 

1. Type: Pump shall be of the end-suction centrifugal base mounted type, Aurora 
340 1 STG ENDSUC 2.5x3x9 or approved equal. 

 
2. Capacity: Shall be as shown on the drawings. 

 
3. Pump: Shall be end suction design as indicated on the drawings and shall be 

equipped with water tight, long life, self-lubricating mechanical seal. Pump 
construction shall be BF suitable for a maximum working pressure of 175 PSIG. 
The pump shaft shall be supported by two heavy duty ball bearings.  

 
4. Motor: Shall be totally enclosed fan cooled (TEFC) rated for exterior 

installation. The current characteristics of the motor shall be as shown on the 
drawings. The horsepower of the motor shall be of such a size as to ensure 
non-overloading of the motor throughout the capacity range of the pump 
without considering motor service factor. Motor shall be premium efficiency and 
be VFD rated. 

 
5. Installation: Construct concrete support base and install per manufacturer 

requirements. 
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C. Direct Expansion Split-System Air Conditioning Units 
 

  1. General: The air conditioning equipment shall be a split type system with a full 
charge of R-410A. The units shall be rated in accordance with ARI Standard 
210 and bear the ARI label. 

 
2. Fan Coil Unit: The indoor unit shall be completely factory assembled, and 

wired. The evaporator fan shall be an assembly of multiple, high performance, 
double inlet, forward curve line flow fans, direct drive by a single motor. The 
fans shall be statically and dynamically balanced and run on permanently 
lubricated bearings. An adjustable guide vane shall be provided with the ability 
to change the airflow from horizontal to vertical. A motorized swing flow louver 
shall provide an automatic change in airflow by directing the air from side to 
side for uniform air distribution. Return air shall be filtered by means of an 
easily removable washable filter. The evaporator coil shall be of nonferrous 
construction with smooth plates bonded to copper tubing. The tubing shall have 
inner grooves for high efficiency heat exchange. All tube joints shall be brazed 
with phoscopper or silver alloy. The coil shall be pressure tested at the factory. 
A condensate pan with drain shall be provided under the coil. 

 
3. System Control: The control system shall consist of 2 microprocessors 

interconnected by a single non-polar 2-wire cable. One microprocessor shall be 
factory wired and located within the indoor unit. It shall have the capacity of 
sensing return air temperature and indoor coil temperature; receive and 
process commands from the remote controller; provide emergency operation; 
activate the indoor unit alarm lamp on any system failure; control the outdoor 
unit; and have self-diagnostic capabilities with lED lights and DIP switches. The 
microprocessor within the wall mounted remote controller shall sense room 
temperature; display set point and room temperature; control operation of the 
swing flow louvers; provide on-off and system/mode function switching; and 
provide access to the indoor unit diagnostic system for testing and analysis. 
The remote controller shall have the capability of 2 modes of control. Mode 
One shall provide individual system control at a distance from the unit. Mode 
Two shall provide control for a single or multiple number of systems from a 
single location in the same room. The control sequence shall provide a 
maximum of 15-second time delay at start-up. The control voltage between the 
remote controller and the indoor unit shall be 24 volts, D.C. The control voltage 
between the indoor unit and the outdoor unit shall be 12 volts, D.C. 

 
4. Air-Cooled Condensing Unit: The outdoor unit shall be completely factory 

assembled, piped, wired, and corrosion coated. The casing shall be fabricated 
of galvanized steel, bonderized, and finished with baked enamel. The unit shall 
be furnished with one direct drive, propeller type fan arranged for horizontal 
discharge. Each fan motor shall have different running rpm for reduction in 
noise and harmonic vibration. The motors shall have inherent protection, be of 
the permanently lubricated type, and resiliently mounted for quiet operation. 
Each fan shall be provided with a raised wired guard to prevent contact with 
moving parts. The compressor shall be of the high-performance, serviceable 
rotary type with crankcase heater, accumulator, and internal thermal overloads. 
The compressor shall be internally isolated with rubber mounts so as to avoid 
the transmission of vibration. The refrigeration system shall be equipped with 
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high and low pressure switches. The refrigerant flow from the condenser shall 
be controlled by means of a capillary tube. The condenser coil shall be of 
nonferrous construction with smooth plate fins bonded to copper tubing. The 
tubing shall have inner groves for high efficiency heat exchange. The coil shall 
be protected with an integral metal guard. Provide factory applied corrosion 
protection for condenser coil and casing. The unit shall be controlled by the 
microprocessor located in the matching indoor unit. A built-in, low-ambient 
controller will allow cooling to 32 degrees Fahrenheit outdoor temperature. 

 
5. Unit shall be as indicated on contract drawings. 

 
 D. Supply Air Fans 
  Centrifugal, inline, belt-drive fan. Sound rating per AMCA 300; statically and 

dynamically balanced, with air capacities, horsepower, fan types, fan arrangement, 
sound power level or loudness level, and static pressure, as indicated on contract 
drawings. Fan bearing shall have a minimum average 200,000 hours at design 
operating conditions. Motor shall be energy efficient type and rated for VFD. 
Greenheck BSQ 160-15 or approved equal. 

 
E. Controls 

 
  1. General: Controls shall be electric, electronic, or solid-state electronic, or a 

combination that will provide the required sequence of operation control. 
Schematic control diagrams shall be submitted. All control work shall be 
performed by an experienced and licensed controls sub-contractor. 

 
3. Automatic Dampers: Opposed blade type, galvanized or aluminum, with 

flanged frame for duct mounting. Provide replaceable neoprene edge seals on 
the top, bottom, and sides of the frame and each blade. 

 
4. Automatic Valves: Sized by manufacturer for indicated flow and pressure drop, 

125 psi rated, with close-off ratings exceeding maximum upstream pressure.  
Valves shall be 2-way or 3-way, modulating or 2 position, as indicated.  
Modulating valves shall have valve-stem indicators. 

 
5. Valve and Damper Operators:  Sized by manufacturer for the conditions to be 

encountered, full-proportioning or 2-position type, with spring return to normal 
position.  Electric and electronic modulating operators shall be hydraulic or oil-
immersed gear-train type. 

 
6. Thermostats:  Full proportioning or two-positioning type, as indicated.  Thermostats 

shall respond to a change of not over 1-1/2o. 
 

a. Space thermostats shall have exposed setpoint and exposed indicator. 
 

   b. Remote thermostats shall be duct, or immersion type, as required, with 
set point and throttling range adjustment in a remote metal case. 
Sensing elements, shall be secured in the duct or pipe to respond to the 
overall temperature. 
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3 - EXECUTION 
 
3.01 GENERAL REQUIREMENTS 
 

A. Do not scale Drawings. Check all measurements at building and adjust work to fit space 
allotted. Close cooperation between all trades will be required. Any work done without 
regard for work of other trades shall be moved without extra charge, if necessary to 
permit proper installation of other work. 

 
  B.  Provide seismic restraints for equipment per IBC 2006 Design Category D. Provide 

suspended equipment with approved lateral or sway bracing. 
  
3.02 CUTTING AND PATCHING  
 

A. Cut all holes necessary for installation of work under this Section. 
 

  B.  Patching of all holes, etc., will be done under other sections of specification. Patch any 
holes cut unnecessarily. 

 
3.03 ACCESS TO EQUIPMENT 
 

A. Install all control devices, specialties, etc., to provide for easy access for operation, 
repair and maintenance. 

 
B. If concealed, access doors and panels shall be provided. Coordinate installation of 

items where access door and panels are required for proper access. Access is required 
where valves or controls are installed behind walls or above non-removable ceilings. 

 
3.04 TESTING AND BALANCING 
 

A. All testing and balancing shall be performed by an independent balancing contractor 
retained by the Contractor.  Promptly repair all defects disclosed as result of tests or 
operations, at expense of Contractor, to satisfaction of the Owner.  Supply all 
instruments, labor and tools required by Tests. Any defective material or equipment 
shall be repaired, adjusted and replaced by new like material and equipment and retest 
before acceptance.  See SECTION 15950 - HVAC 
TESTING/ADJUSTING/BALANCING. 

 
  B. Make operation tests on all machinery and devices to determine proper compliance 

with specifications.  All equipment shall function quietly and efficiently; undue noise or 
vibration shall be promptly required and/or corrected before acceptance. 

 
  C. Should any apparatus, material or work fail in any test, remove it immediately and 

replace with new perfect material and retest and/or correct before acceptance. 
 
  D. Two weeks before expected completion date, put air conditioning, ventilation and 

exhaust systems and equipment into operation and continue operation of same during 
each working day, for not less than five eight-hour periods, until all adjusting, balancing, 
testing, demonstrations, instructions and cleaning of systems have been completed.  
Instructions and demonstrations required shall be given simultaneously with this 
operation. 
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E. Balance, adjust and test air moving equipment and air distributing systems, using 

procedure recommended by ASHRAE "Guide".  All instruments used shall be 
accurately calibrated and maintained in good working order.  IF requested, conduct 
tests in presence of the Contracting Officer.  Balancing and adjusting shall consist of: 

 
1. Adjusting all grilles, registers and diffusers for optimum air distribution and 

minimum noise and drafts, starting with all elements in wide-open position. 
 
2. Adjusting all fan speeds and manually operated dampers to supply and/or return 

quantities of air specified or indicated. 
 
3. Make any changes in pulleys, belts and dampers, or all dampers, necessary for 

correct balance at no additional cost to The State. 
 

F. Balance air and water system and equipment using procedure recommended by 
ASHRAE guide.  All instruments used shall be accurately calibrated and maintained in 
good working order.  If requested, conduct tests in presence of Owner. 

 
G. Test air conditioning equipment as in actual operation, and test and adjust all 

temperature controllers, safety devices and valves to operate smoothly and quietly. 
 

H. Testing at Maximum and Minimum Loads: 
 
    1. Visit contract site for at least two testing work sessions for field measurements.  

Visit the contract site during the season of maximum cooling load and minimum 
cooling load to test system operational performance of the cooling system under 
their respective maximum and minimum outdoor environment-caused loading.  
Record the following: 

   a. Outdoor dry and wet bulb temperature. 
   b. Outdoor humidity. 
    c. Indoor dry and wet bulb temperature. 
    d. Indoor humidity. 
 
   2. Test air conditioning system through each cycle of operation, including 

simulation of each season by loading and unloading the compressor.  Test 
compressor operation under full and partial loads.  Record the following: 

      a.  Outdoor dry and wet bulb temperature. 
      b.  Outdoor humidity. 
      c.  Indoor dry and wet bulb temperature. 
      d.  Indoor humidity. 
      e.  Full load amps on condensing unit. 
 
   3. Testing of air conditioning system shall be done in the presence of Owner.  

Notify Owner 7 days prior to testing. 
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3.04 OPERATION AND MAINTENANCE MANUAL 
   
  Furnish an operation and maintenance manual for each item of equipment.  Furnish copies of 

the manual bound in hardback binders or an acceptable equivalent.  Furnish one complete 
manual prior to the time that equipment tests are performed and furnish the remaining manuals 
before the contract is completed. Inscribe the following identification on the cover:  The words 
OPERATION AND MAINTENANCE MANUAL, the name and location of the equipment or the 
building, the name of the Contractor and the contract number. The manual shall include the 
names, addresses and telephone numbers of each subcontractor installing equipment and of 
the local representatives for each item of equipment. The manual shall have a table of contents 
and be assembled to conform to the table of contents with the tab sheets placed before 
instructions covering the subject. The instructions shall be legible and easily read, with large 
sheets of drawings folded in.  The manual shall include: Wiring and control diagrams with data 
to explain detailed operation and control of each item of equipment; a control sequence 
describing start-up, operation, and shut-down; description of the function of each principle item 
of equipment; the procedure for starting; the procedure for operating; shut-down instructions; 
installation instructions; maintenance instructions; lubrication schedule including type, grade, 
temperature range and frequency; safety precautions, diagrams and illustrations; test 
procedures; performance data; and parts list. The parts lists for equipment shall indicate the 
sources of supply, recommended spare parts and the service organization, which is reasonably 
convenient to the project site.  The manual shall be complete in all respects for equipment, 
controls, accessories and associated appurtenances provided. 

 
3.05 CLEANING 
  Thoroughly clean all fixtures, materials and equipment. 
 
3.09 FINAL ACCEPTANCE 
   

A. The Contractor shall perform and complete his work according to the Contract 
Documents without fault or defect.  In the absence of more specific directives, the work 
shall: 

 
1. Be placed in a thoroughly clean and unmarred condition. 

 
2. Be checked out in a step-by-step manner to ascertain that all fastenings, 

controls, valves safety devices, operating devices, and other required 
appurtenances have been provided and adjusted in accordance with the 
Contract Documents. 

 
3. Be free of previously condemned or rejected parts and be properly restored to 

the extent thereof. 
 

4. Be balanced for perfect operation wherever adjustments for balancing exist in 
the work, and submittals required under paragraph 3.07 submitted. 

 
5. Contain no hidden faults, defects, and/or unsafe conditions. 

 
B. Before calling for final inspection, the various systems shall be operated for a period of 

48 hours continuously and show satisfactory operation. 
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C. If it develops at the time of this inspection that there are any discrepancies between the 
installation and the plans, specifications, shop drawings, details, etc., the Owner will 
notify the Contractor shall make necessary changes and adjustments to correct the 
installation in accordance with the Owner's instructions and then notify the Owner that 
each item has be adjusted. 

 
  D. The Owner or his representative will then inspect the installation and make any 

necessary re-tests.  If the items mentioned in the Owner's letter have not been 
corrected, it will be necessary to make additional inspections and tests.  All of these 
subsequent inspections by the Owner, his representative, or both, that are required for 
the Owner to pass on this work and to make final acceptance shall be paid for by the 
Contractor. 

 
END OF SECTION 
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SECTION 15900 
 

HVAC TESTING/ADJUSTING/BALANCING 
 
1 - GENERAL 
  
1.01 SUMMARY 

 
A. The work includes test, adjust, and balance (TAB) of heating, ventilating, and air 

conditioning (HVAC) air distribution systems including equipment, ducts, and piping 
which are located within, on, under, between, and adjacent to buildings. 

 
1. Air Distribution Systems: Systems shall be tested, adjusted, and balanced 

(TAB’d) in compliance with this section. Obtain Owner’s written approval before 
applying insulation to exterior of air distribution systems under SECTION 15650 
– AIR CONDITIONING AND VENTILATION. 

 
B. Related Sections: 
  

1. Requirements of DIVISION 1 – GENERAL REQUIREMENTS apply to this 
section. 

 2. SECTION 15000 – MECHANICAL GENERAL REQUIREMENTS 
 3. SECTION 15650 – AIR CONDITIONING AND VENTILATION 
 4. SECTION 15950 – DIRECT DIGITAL CONTROL SYSTEMS 
 

1.02 REFERENCES 
 
 A. The latest editions of the publications listed below form a part of this specification to the 

extent referenced. The publications are referred to in the text by the basic designation 
only. 

  1. Associated Air Balance Council (AABC) 
 

AABC MN-1  Testing and Balancing Heating, Ventilating and Air 
Conditioning Systems 

   AABC MN-4  Test and Balance Procedures 
 
  2. Air Movement and Control Association (AMCA) 
 
   AMCA 203  Field Performance Measurements 
 
  3. American National Standards Institute (ANSI)  
 
   ANSI S1.4  Sound Level Meters 
 
   ANSI S1.11  Octave- Band and Fractional-Octave-Band Analog and 

Digital Filters 
 
  4. American Society of Heating, Refrigerating and Air-conditioning Engineers 

(ASHRAE) 
 



JOB NO. CA-1332-C ENERGY EFFICIENT AIR CONDITIONING SYSTEM 
PN15140009 BUILDING 1898, KALAELOA, HAWAII 
 

STATE OF HAWAII HVAC TESTING/ADJUSTING/BALANCING 
DEPARTMENT OF DEFENSE  15900 - 2  
 

   ASHRAE HA  Handbook, HVAC Applications 
 
  5. National Environmental Balancing Bureau (NEBB) 
 
   NEBB MASV  Measurements and Assessment of Sound and Vibration 
 
   NEBB TABES  Testing, Adjusting, Balancing of Environmental Systems 
  
  6. Sheet Metal & Air Conditioning Contractors' National Association (SMACNA)  
   SMACNA Leakage 
 
   Test Manual  HVAC Air Duct Leakage Test Manual 
 
   SMACNA HVACTAB HVAC Systems - Testing, Adjusting and Balancing 
 
1.03 SUBMITTALS 

 
A. Submit under provisions of SECTION 15000 - MECHANICAL GENERAL 

REQUIREMENTS. 
 

B. Standards Compliance: 
 

1. Testing Agency. 
 

2. Testing Agency Personnel  
 

3. Instrument Calibration. 
 

4. Schedules: Testing Agenda 
 

5. Test Report: Submit in accordance to this section 
 
  6.  Agenda: Submit in accordance to this section. 
 
1.04 GENERAL REQUIREMENTS 

 
 A.  The provisions of SECTION 15000 - MECHANICAL GENERAL REQUIREMENTS 

apply to this section. 
 

C. Definitions: 
 

1. Adjust: To regulate the specified airflow rate and air patterns at the terminal 
equipment (e.g., reduce fan speed, throttling, etc.). 

 
2. Balancing: To proportion flows within the distribution system (submains, 

branches and terminals) in accordance with specified design quantities. 
 
3. Procedure: Standardize approach and execution of sequence of work 

operations to yield reproducible results. 
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4. Report Forms: Test data sheets arranged for collection of test data in logical 
order to submission and review. This data should also form the permanent 
record which shall be used as the basis for any future testing, adjusting and 
balancing required. 

 
5. Test: To determine quantitative performance of equipment. 
 

  
1.05  TESTING AND BALANCING AGENCY 

 
A. Agency Qualifications: Obtain the services of a qualified testing organization to perform 

the testing and balancing work as herein specified. 
 

 B. Air, Refrigerant and Water Systems Testing and Balancing: Upon completion of the 
installation and field testing, performance test and adjust the new and existing supply, 
return, outside, transfer and exhaust air systems, refrigerant and water systems to 
provide the air volume, refrigerant water flow quantities indicated and sound levels 
required. Accomplish work in accordance with the agenda and procedures specified in 
AABC 71679 and standards of the NEBS correct air refrigerant and water system 
performance deficiencies disclosed by the test before balancing the systems. 

 
1.06  AGENDA 

 
A. Preliminary Report: Review Drawings and specifications prior to installation of any of 

the affected system. Submit a written report to the Owner indicating any deficiencies in 
the system that would preclude the proper adjusting, balancing and testing of the 
systems. 

 
B. Submittal: An agenda shall be submitted and approved by the Owner prior to start of 

testing and balancing work. Include the following: 
 

1. General description of each new and existing air, refrigerant and water system 
with its associated equipment and operation cycles for ventilating and cooling 
systems. Where different cycles are used for day and night, they shall be 
described independently. 

 
2. A complete listing of air, refrigerant and water flow and air terminal 

measurements to be performed. 
 
3. Proposed selection points for sound measurements. List shall include typical 

spaces and sound sensitive areas. 
 
4. Specific test procedures and parameters for determining specified quantities; 

e.g., flow drafts, sound levels, etc., from the actual field measurements to 
establish compliance with contract requirements. 

 
5. Samples of forms showing applications of procedures and calculations to typical 

systems. 
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C. Procedure Reporting: Provide specific test procedures for measuring air quantities at 
terminals. Specify type of instrument to be used, method of instrument application (by 
sketch) and factors for: 

 
1. Air terminal configuration. 

 
2. Flow direction (supply return and exhaust). 

 
3. Velocity corrections. 

 
4. Effective area applicable to each size and type of air terminal. 

 
  5.  Density corrections (unless applicable data are covered elsewhere). 
 
 D. Area and Application Factors: will not be required where pitot tubes are employed to 

determine terminal capacity. 
 
1.07  PROCEDURES, GENERAL 

 
A. Requirements: Adjust systems and components thereof that perform as required by 

drawings and specifications. 
 

1. The Contractor shall provide a final balance of new and existing exhaust 
systems to satisfy specific occupant and Owner's recommendations after 
acceptance of balance report. 

 
B. Instrumentations: Method of application of instrumentation shall be in accordance with 

the approved agenda. Furnish personnel, instruments and equipment for tests specified 
herein. 

 
  1.  Accuracy of Instruments: Instruments used for measurements shall be accurate. 

Provide calibration histories for each instrument for examination. Calibrate each 
test instrument by an approved laboratory or by the manufacture. The Owner 
has the right to request instrument recalibration or the use of other instruments 
and test methodology, where accuracy of readings is questionable. 

 
  2.  Application of Instruments: Comply with manufacturer's certified instructions. 
 
 
2 - PRODUCTS (Not applicable) 

 
3 - EXECUTION 

 
3.01 AIR SYSTEM PROCEDURES 
 

 A.  Adjustments: Adjust air systems to provide the required design air quantity to or 
through, each component.  
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B. Balance (New Exhaust Systems): Use flow adjusting (volume control) devices to 
balance air quantities only; i.e., proportion flow between various terminals comprising 
system and only to the extent that their adjustments do not create objectionable air 
motion or sound, i.e., in excess of specified limits. 

 
  1. Balancing Between Runs (submains, branch mains and branches): Use flow 

regulating devices at, or in, the divided - flow fitting. Minimize restriction 
imposed by flow regulating devices in or at terminals. 

 
  2. Final Measurements of Air Quantity: Make final measurements of air quantity, 

after the air terminal has been adjusted to provide the optimum air patterns of 
diffusion. 

 
C. Fan Adjustment: Total air system quantities, generally, shall be varied by adjustment of 

fan speeds. For systems with direct-connected fans (without adjustable pitch blades), 
damper restrictions of a system's total flow may be used, only if system pressure is less 
than Y2-inch w.g. and sound level is criteria is met. 

 
D. Air Measurement (New Exhaust Systems): 

 
1. Pitot tube: Except as specifically indicated herein, make pitot tube traverses of 

each duct to measure air flow therein. Pitot tubes, associated instruments, 
traversed and techniques shall conform with the ASHRAE Fundamentals 
Handbook. 

 
2. Pitot Tube Traverse: Except for ducts serving modular office areas with movable 

partitions, which are subject to change, Pitot-tube traverse may be omitted if the 
duct serves only a single room or space and its design volume is less than 2000 
cfm. In lieu of Pitot-tube traverse, determine air flow in the duct by totaling 
volume of individual terminals served, measured as described herein. 

 
3. Measurements of Air Quantity: Where duct's design velocity and air quantity are 

both less than 1000 (fpm/cfm), air quantity may be determined by 
measurements at terminals served. 

 
4. Test Holes: Test holes shall be in a straight duct, as far as possible downstream 

from elbows, bends, take-offs and other turbulence generating devices, to 
optimize reliability of flow measurements. 

 
5. Air Terminal Balancing: Measurement of flow rates by means of velocity meters 

applied to individual terminals, with or without cones or other adapters, shall be 
used only for balancing. Measurement of air quantities at each type of air 
terminal (inlet and outlet) shall be determined by the method approved for 
balancing agenda. Conduct laboratory tests to prove accuracy of methodology 
when so directed by the Owner. Perform such tests in conformance with 
applicable ASHRAE or ASME codes. 

 
  6. Air Motion and Distribution: As indicated. In addition to air motion 

measurements, shall make smoke tests shall be made wherever requested by 
the Owner, to demonstrate the air distribution from air terminals. 
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3.02 TEST REPORTS 
 

A. Submittal: Submit six copies of the reports described herein, covering air system 
performance, air motion and sound pressure levels, to the Owner prior to final tests and 
inspection. 

 
B. Instrument Records: Include types, serial numbers and dates calibration of instruments. 

 
 C. Reports: Reports shall identify conspicuous items not conforming to contract 

requirements or obvious mal-operation and design deficiencies. 
 
3.03 AIR SYSTEM DATA 

 
A. Report The report shall include for each system the data listed below: 

 
  1. Equipment 
   a. Installation Data: 
    1) Manufacturer and Model. 
    2) Size. 
    3) Arrangement, Discharge and Class. 
    4) Motor H.P., Voltage, Phase, Cycles and Full Load Amps. 
    5) Location and Local Identification Data. 
   b. Design Data: Data listed in schedules on drawings and specifications. 
   c. Fan Recorded (Test) Data: 
    1) C.F.M. 
    2) Static Pressure. 
    3) R.P.M. 
    4)  Motor Operating Amps. 
    5) Motor Operating S.H.P. 
    6) Entering and leaving air temperature (D.B. & W.B.). 
    7) Ambient Air Conditions; D.B. & W.B. 
    8) System Total Static Pressure. 
 
  2. Duct systems (New and Existing): 
   a. Duct Air Quantities (Maximum and Minimum): Main, Submains, 

Branches, Outdoor (Outside) Air, Total-Air and Exhaust. 
    1) Number of Pitot-tube (pressure) Measurements. 
    2) Sum of Velocity Measurement, excluding pressure 

measurements. 
    3) Average Velocity. 
    4) Recorded (Test) C.F.M. 
    5) Design C.F.M. 
    6) Recorded System Static Pressure. 
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3.04  OPERATION ACCEPTANCE TEST 
 

A. Capacity and Performance Tests: Make tests to demonstrate that capacities and 
general performance of new and existing air, refrigerant and water systems comply with 
contract requirements. 

 
1. Final Inspection: At the time of final inspection, the contractor shall recheck, in 

the presence of the Owner, random selections of data, water and air quantities, 
air motion and distribution recorded in the test report. 

 
2. Points and Areas for Recheck: As selected by the Owner. 
 
3. Measurements and Test Procedures: As approved for work forming basis of 

certified report. 
 

  4. Selection for Recheck (specific plus random): In general, selections for recheck 
will not exceed 25 percent of the total number tabulated in the report, except 
that special air systems may require a complete recheck for safety reasons. 

 
 B. Retests: If random tests elicit a measured flow deviation of ten percent or more from 

greater than that recorded in the test report listings, at ten percent or more of the 
rechecked selections, the report shall be automatically rejected. In the event the report 
is rejected, all systems shall be readjusted and tested, new data recorded, new test 
reports submitted and new inspection tests made at no additional cost to the Owner. 

 
 C. Marking of Settings: Following final acceptance of certified reports by the Owner, the 

settings of valves, splitters, dampers and other adjustment devices shall be 
permanently marked by the Contractor, so that adjustment can be restored if disturbed 
at any time. Do not mark devices until after final inspection. 

 
END OF SECTION 
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SECTION 15950 
 

DIRECT DIGITAL CONTROL SYSTEMS 
 
1 - GENERAL 
  
1.01 SUMMARY 

 
A. This section covers the furnishing, fabrication, delivery and installation of a new direct 

digital control (DDC) system for the control of the heating, ventilating and air 
conditioning (HVAC) systems. The DDC system shall be a multi-loop, standalone and 
distributed digital control system as manufactured by a company specializing in HVAC 
controls. The DDC system shall provide all hardware and software to control all HVAC 
control functions including input, logic, processing and output functions. Input functions 
shall include analog and digital (binary, on/off, open/close) control signals to the 
microprocessor based digital controllers. 

 
B. Output shall be transmitted via interface ports to allow connection to other controllers, 

terminals, a portable computer or a central site computer. The interface equipment will 
not provide day to day control of the HVAC system but will allow the operator to enable 
and disable equipment, change setpoints, change operating schedules, receive trends 
and alarms and allows loading and downloading of control programs. The system shall 
communicate with graphic operator work station located in the building (direct 
connection to a communication LAN) or at a remote site (connected to the digital 
controller through a LAN or modems and a telephone line). 

 
C. DDC System Description, Operator Interface: All new BACnet objects defined in this 

contract shall be mapped to the existing controls system user workstation. Controls 
shall provide all graphic creation and point mapping, and all necessary protocol 
interface hardware to interface into the existing controls system. The successful 
General Contractor shall in its bid, include costs for the work to be done by existing 
controls. 

 
D. Related Sections: 
 1. Requirements of DIVISION 1 – GENERAL REQUIREMENTS apply to this 

section. 
 2. SECTION 15000 – MECHANICAL GENERAL REQUIREMENTS 
 3. SECTION 15650 – AIR CONDITIONING AND VENTILATION 
 4. DIVISION 16 – material and installation requirements for control wiring. 
 

1.02 REFERENCES 
 

A. The latest editions of the publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the basic designation 
only. 

 
1. ASME 831.1-2007 Power Piping. 

 
2. NFPA 70-2005 National Electric Code. 
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3. ASHRAE 135-2004 Data Communication Protocol for Building Automation and 
Control Networks.  

 
4. UL 916-1998 UL Standard for Safety; Energy Management Equipment 

 
5. ANSI C12.10-2004 Standard for Electromechanical Watt-hour Meters. 

 
6. ANSI C57.13.2-2005 Standard Conformance Test Procedures for Instrument 

Transformers 
 

7. SMACNA DCS-2005 Duct Construction Standards 
 

8. ASME B16.5-1996, Pipe Flanges and Flanged Fittings NPS: ½ Through NPS 
24. 

 
9. ASTM A 126-2004, Standard Specification for Grey Iron Castings for Valves, 

Flanges, and Pipe Fittings. 
 

10. UL 1449-1996, UL Standard for Safety Transient Voltage Surge Suppressors. 
 

11. NFPA 90A-2002, Standard for the Installation of Air Conditioning and Ventilation 
Systems. 

 
12. UL 555S-1999 UL Standard for Safety Leakage Rated Dampers for Use in 

Smoke Control Systems. 
 
  13. ANSI B40.1 00-1998 Gauges – Pressure Indicating Dial Type – Elastic Element. 
 
1.03 DEFINITIONS 
 

A. BACnet: BACnet is a standard communication protocol developed by the American 
Society of Heating Refrigeration and Air Conditioning Engineers (ASH RAE). The 
controller manufacturer shall have a company policy to support the implementation of 
BACnet. 

 
B. Digital Controller: A control module which is microprocessor based, programmable by 

the user, has integral 110, and performs stand-alone operations. 
 
C. Direct Digital Control (DDC): A digital controller as defined in this Document. The 

controller directly senses building environment and makes control decisions based on 
user defined, controller resident programs. The controller outputs control signals that 
directly operate valves, dampers, and motor controllers. No conventional control 
devices, pneumatic or electronic, such as receiver-controllers, thermostats, and logic 
units are present within or interface with a direct digital control loop. Actuators are 
electric or pneumatic, and the controller output is converted to the appropriate type of 
signal. 

 
D. DDC System: A system made up of one or more digital controllers. Required climate 

control and energy management functions for complete operation of an HVAC system 
are provided by DDC from digital controllers. No conventional control devices 
(pneumatic or electronic) such as receiver-controllers, thermostats, and logic units are 
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used. Digital controllers in a system are linked in a communication network composed 
of one or more levels of local area networks (LAN). 

 
E. Distributed Control: The intent of distributed control is to install the controllers near the 

equipment being controlled, and to distribute the processing to each stand alone DDC 
panel. The control system is built up of stand-alone controllers, utilizing sensor inputs 
and control outputs. 

 
F. Dynamic Control: A process that optimizes operation of HVAC systems (air handler 

units, converters, chillers, and boilers) by increasing and decreasing setpoints or 
starting and stopping equipment in response to heating and cooling needs of 
downstream equipment. A requirement of dynamic control is knowing the 
heating/cooling demand status of downstream equipment; therefore, dynamic control 
requires controllers connected in a communications network. 

 
G. Firmware: Firmware is software programmed into read only memory (ROM) and 

erasable programmable read only memory (EPROM) chips. Software may not be 
changed without physically altering the chip. 

 
 H. Graphic Sequence of Operation: A drawing or graphic showing all interlocks and control 

loop sequences between the input and output points. Graphic sequence of operation is 
a graphical representation of the sequence of operation. The graphic sequence of 
operation will show all inputs, outputs, and logic blocks. 

 
I. Hand-Held Terminal: A hand-held terminal is a portable device, control system 

manufacturer-specific, which can be connected directly to a communications port on a 
digital controller and through which the digital controller can be interrogated and, in 
some cases, programmed.  

 
J. Input/Output (I/O): I/O refers to analog inputs (AI), digital inputs (01), analog outputs 

(AO), and digital outputs (DO) in a digital controller. Inputs are from analog sensors 
(temperature, pressure, humidity, flow) and digital sensors (motor status, flow switches, 
switch position, and pulse output devices). Outputs operate modulating and on/off 
control devices. 

 
K. I/O Unit: An I/O unit provides additional point capacity to a digital controller and 

communicate with the stand-alone digital controller on LAN. An I/O unit is not 
standalone because the control program does not reside in the I/O units 
microprocessor. 

 
L. Integration: The ability of control system components to have interoperability between 

different manufacturers to connect together and provide coordinated control via real-
time data exchange and control functions through a common communications data 
exchange protocol. Integration shall extend to the operator's workstation software, 
which shall support user interaction with all control system components. Methods of 
integration include industry standard protocols such as: BACnet, ARCnet, 
LonMark/LonTalk, OLE for Process Control (OPC) or integrator interfaces between 
cooperating manufacturer's systems. 
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M. Local Area Network (LAN): 
  1. A communications bus that interconnects digital controllers for peer-to-peer 

communications. Different levels of LANs are possible within a single DDC 
system. In this case, a digital controller on a higher level LAN acts as a network 
controller to the controllers on the lower level LAN. The network controller, then, 
has at least two LAN communications ports. One port supports peer-to-peer 
communications with other digital controllers on the higher level LAN. The other 
port supports communications with the digital controllers on the lower level LAN. 

 
  2. LANs permit sharing global information, make it possible to apply building wide 

control strategies such as peak demand limiting, permit dynamic control 
strategies, allow coordinated response to alarm conditions, and permit remote 
monitoring and programming of digital controllers. 

 
  3. Facility-wide LAN refers to a commercially available local area network. These 

LANs allow the connection to an existing or new facility-wide LAN. 
 
 N. Microprocessor: A microprocessor refers to the central processing unit (CPU) that 

contains all the registers and logic circuitry that make it possible for digital controllers to 
do computing. 

 
 O. Open Protocol Bus (OPB): A pre-programmed communications integrator that allows 

devices from one manufacturer to communicate and interact with those of another. 
 
 P. Open System Port (OSP): A user programmable communications port that provides the 

ability to develop custom communications processes to integrate other operating 
systems with the DDC System. 

 
 Q. Output Signal Conversion: Output signal conversion refers to the changing of one kind 

of control output into a proportionally related signal appropriate for direct actuation of 
the controlled device. Signals are converted by a transducer which may be external to 
the digital controller originating the output. 

 
1. Examples in modulating control of pneumatic actuators are conversion of 4-

20ma signals into proportional 3-15 psig signals. 
 

  2. An example of output signal conversion in on/off or open/close control is a 
contact closure originating in a digital controller which activates a solenoid air 
valve which passes main air, thereby forcing a damper to open fully. 

 
 R. Optimum Start: Optimum start is a method of starting the HVAC equipment prior to 

occupancy time in order to have the building at setpoint at occupancy. Optimum start 
shall be based on the zone temperatures, zone setpoints, and outdoor temperature. 
Optimum start will bring the zone to setpoint at occupancy time. 

 
 S. Peer-to-Peer: Peer-to-Peer refers to controllers connected on a communications LAN 

that act independently, as equals and communicate with each other to pass information 
which facilitates control. 

 
 T. PID: PID refers to proportional, integral, and derivative control; the three types of 

actions that are used in controlling modulating equipment. 
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 U. Resolution: Refers to the number of possible states an input value or output value can 

take and is a function of the digital controller 110 circuitry; the AID converter for input 
and the D/A converter for output. Ten bit resolution has 1024 possible states and eight 
bit resolution has 256 possible states. 

 
 V. Stand-Alone Control: Refers to the digital controller being able to perform required 

climate control, and energy management functions without connection to another digital 
controller or central site computer. Digital controller requirements for stand-alone control 
are a time clock, a microprocessor, microchip resident control programs, PID control, a 
communications port for interfacing with and programming the controller, firmware for 
interrogation and programming, and 1/0 for sensing and effecting control of its control 
environment. 

 
 W. Terminal Control Unit (TCU): An off-the-shelf, stand-alone digital controller equipped for 

communication on a lower level local area network. TCUs may deviate from stand-alone 
only in receiving energy management and time information from a stand alone digital 
controller. A TCU is commonly application specific and is used for distributed control of 
specific HVAC subsystems. A TCU communicates with the digital controllers. Typically, 
a TCU communicates on a lower level LAN. Examples where TCUs might be used to 
control of small air handling units (AHUs), variable air volume (VA V) boxes, fan coil 
units, and heat pumps. 

 
1.04 SUBMITTALS 

 
A. Submit under provisions of SECTION 15000 - MECHANICAL GENERAL 

REQUIREMENTS. 
 

 B. Manufacturer's Catalog Data 
  1. DDC hardware 
  2. DDC capabilities 
  3. Workstation software 
  4. Input devices 
  5. Output devices 
  6. Surge and transient protection 
  7. Hand-held terminal 
  8. Panel mounted display and keypad 
 

C. Equipment and software for which specification compliance data shall be submitted 
include but not limited to the following: 

 
D. 1. DDC Hardware 

   a. I/O; capable of supporting platinum RTD, precision thermistor, 4-20 ma, 
0-10 VDC 

   b. Programs will reside in microprocessor; controllers are stand-alone 
   c. Communications ports; all communications ports as specified 
   d. Protected memory; minimum hours required by this specification 
   e. Operating temperature limits 
 
  2. DDC Capabilities 
   a. Communications; baud rate, communication ports, stand-alone 
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   b. Trending; capable of trending every point 
   c. Alarming; capable of alarm generation as indicated 
   d. Messages; as indicated 
   e. Self diagnostics; identification of a failed module 
   f. PID control; capable of PID control 
 
  3. Workstation Software 
   a. Mouse and keyboard operation 
   b. Communications 
   c. Program upload and download 
   d. Dynamic point update 
   e. Program modification 
   f. Database modification 
   g. Graphics and graphics modifications 
   h. Penetration of graphics 
 
  4. Input Devices 
   a. Transmitters; accuracy, 4-20 ma, 0-10 VDC 
   b. Temperature sensors; accuracy, stability, 100 percent factory screening, 

platinum RTD or thermistor 
   c. Humidity sensors; type of sensor, accuracy, range, and stability 
   d. Pressure sensor; accuracy 
   e. Flow or motor proof; type 
   f. Sensor wells; type 
 
  5. Output Devices 
   a. Dampers; types 
   b. Valves; types 
   c. Actuators. 
   d. Control Relays 
 
  6. External Surge and Transient Protection 
   a. Power line 
   b. Communications links and/or devices (between buildings) 
 

E. Drawings: Submit the following drawings: 
 

1. Control system schematic 
 

F. Design Data: Submit test data demonstrating the following installed components will 
meet specification requirements. 

 
1. Temperature sensor accuracy: Submit manufacturer's specification of 

temperature sensor accuracy. Literature shall make clear sensor accuracy as 
specified. 

 
2. Temperature sensor stability: Provide manufacturer's specification of five year 

stability of RTDs and thermistors. Literature shall make clear sensor stability as 
specified. 
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G. Schedules: 
 

1. List of shop drawings. 
 

2. List of symbols and abbreviations used on shop drawings. 
 
  3. List of I/O points: For each input and output physically connected to a digital 

controller on a controller by controller basis, provide the following: 
   a. Point description: for example: mixed air temperature, supply fan 

start/stop, etc. 
   b. Point type: AO, AI, D0, or 01. 
   c. Point range: 4-20 ma, 3-15 psi, platinum RTD resistance ohm, 

thermistor. 
   d. Sensor range associated with point range: for example 0-100 degrees F, 

0-2 inches of water. 
   e. Software name(s) associated with point, if any. 
   f. Terminal number to which point is connected. 
 
  4. Equipment components list: Submit a listing of controllers and connected 

devices shown on control system schematic. List the following: 
   a. Control system schematic component name 
   b. Description 
   c. Manufacturer of controller 
   d. Controller's name 
   e. Equipment part numbers 
   f. Cv for valves 
   g. For actuators: 
    1) Motive force (such as pneumatic, or electric) 
    2) Normal position 
    3) Nominal operating range (such as 3-7 psi, 4-8 ma) 
 
  5. AC power table: Submit a table listing each controller and the circuit breaker 

number, panel box number, and physical location of each controller's source of 
AC power. 

 
H. Statements 

 
1. Contractors' qualifications: Submit statements required in Part 1, Quality 

Assurance, Qualifications. 
 
2. Training: Submit schedule, syllabus, and training materials in accordance with 

Part 3, EXECUTION. 
 

I. Records: Provide administrative and closeout submittals: 
 

  1. Training course Documentation: Training course Documentation shall include a 
manual for each trainee plus two additional copies and two copies of audiovisual 
training aids, if used. Documentation shall include an agenda, defined objectives 
for each lesson and detailed description of the subject matter of each lesson. 
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  2. Service organization: Qualified service organization list that shall include the 
names and telephone numbers of organizations qualified to service the HVAC 
control systems 

 
3. Contractor certification: Provide certification that the installation of the control 

system is complete and the technical requirements of this section have been 
met. 

 
J. Operation and Maintenance Manuals 

 
  1. Controls and HVAC System Operators Manual: Construct and provide a Control 

and HVAC Systems Operators Manual. This manual is designed to Document 
the HVAC and control system. Construct this manual using a 3 ring binder with 
a minimum of the following 7 sections. Use tabs to divide each section. 

   a. Section 1. Description of HVAC Systems: Provide a description of the 
HVAC system components and control system. Include sequences of 
operation and a complete points list. 

   b. Section 2. Controls Drawings: Provide drawings as specified. 
   c. Section 3. Control Program Listings: Provide listing of all control 

programs, including terminal equipment controller setup pages. 
   d. Section 4. Current Operating Parameters: Provide printouts of input and 

output setup information, database setups. This section is intended to 
provide information such as point addresses, slopes and offsets for all 
points, database of points, etc. 

   e. Section 5. Design Information: Provide tab, but leave this section blank. 
   f. Section 6. Control Equipment Cut Sheets: Provide cut sheets of all 

controller hardware and accessories. Include temperature versus 
resistance charts for temperature sensors, and calibration charts for 
pressure transducers. 

   g. Section 7. Control Program: Provide a fully operational control system 
disk (CD disk format preferred) identical to the original control program 
as installed. In addition, provide a restore - backup disk of the control 
program and backup copy of ACAD controls drawings on a 3.5 inch disk. 
It is understood that the software will be available to the base and used 
only for the buildings in this contract. 

 
  2. DDC Manufacturer's Hardware and Software Manuals: 
   a. Section 1. Installation and Technical Manuals for all digital controller 

hardware. 
   b. Section 2. Operators Manuals for all digital controllers. 
   c. Section 3. Programming Manuals for all digital controllers. 

 
1.05  QUALITY ASSURANCE 

 
A. General 

 
1. The Direct Digital Control (DDC) System herein specified shall be fully 

integrated and installed as a complete package by the Direct Digital Control 
System Contractor.  The System shall include all wiring, piping, installation 
supervision, calibration, adjustments, and checkout necessary for a complete 
and fully operational system. 
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2. The Direct Digital Control System Contractor shall be regularly engaged in the 
engineering, programming, installation and service of Direct Digital Control 
systems of similar size and complexity. 

 
3. The DDC Contractor shall have a local facility in Oahu. Emergency service shall 

be available on a 24-hour, 7 -day-a-week basis. 
 

  4. The DDC Contractor shall be responsible for all work fitting into place in a 
satisfactory and neat workmanlike manner acceptable to the State. 

 
B. Experience Record 

 
1. The DDC Contractor shall have a minimum of five years experience with the 

complete installation of Direct Digital Control systems of similar size and 
technical complexity. The DDC Contractor shall provide a list of three 
comparable projects that have Direct Digital Control Systems with the features 
as specified for this project. These projects must be on-line and functional. 

 
2. The DDC Contractor shall employ specialists in the field of Direct Digital Control 

Systems including: Programming, Engineering, Field Supervision, and 
Installation. Specialists shall present factory training certification of the 
submitted equipment upon request. 

 
C. Governing Code Compliance: The DDC Contractor shall comply with all current 

governing codes, ordinances and regulations, including UL, NFPA, the local Building 
Code, NEC, and so forth. 
 

D. FCC Regulation: All electronic equipment shall conform to the requirements of FCC 
Regulation, Part 15, Section 15, Governing Radio Frequency Electromagnetic 
Interference, and be so labeled. 

 
E. Standard Products 

 
1. Materials and equipment shall be standard products of manufacturer regularly 

engaged in the manufacturing of such products, using similar materials, design 
and workmanship. The standard products shall have been in commercial or 
industrial use for 2 years prior to bid opening. The 2 year use shall include 
applications of similarly sized equipment and materials used under similar 
circumstances. The 2 year experience must be satisfactorily completed by a 
product which has been sold on the commercial market through advertisements, 
manufacturer's catalogs, or brochures. 

 
2. The equipment items shall be supported by a service organization. 

 
F. Nameplate and Tags 
 

1. Nameplates bearing legends as shown and tags bearing device unique 
identifiers as shown shall be engraved or stamped. Nameplates shall be 
permanently attached to HVAC control panel doors. 

 
2. For each field mounted piece of equipment, not in a finished area, a plastic or 

metal tag with equipment name and point identifier shall be attached. 
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G. Verification of Dimensions: The contractor shall become familiar with all details of the 

work, shall verify all dimensions in the field, and shall advise the State of any 
discrepancy before performing the work. 
 

H. Drawings: Because of the small scale of the drawings, it is not possible to indicate all 
offsets, fittings, and accessories that may be required. The Contractor shall carefully 
investigate the mechanical, electrical, and finish conditions that could affect the work to 
be performed, and shall finish all work necessary to meet such conditions. 

 
I. Modification of References: The advisory provision in ASME B31.1 and NFPA 70 shall 

be considered mandatory. Substitute the work "shall" for "should" wherever it appears 
and interpret all references to the "authority having jurisdiction" and "owner" to mean 
the State. 

 
 J. Storage: Stored products shall be protected from the weather, humidity and 

temperature variations, dirt and dust, and other contaminants, within the storage 
condition limits published by the equipment manufacturer. 

 
1.06  WORK INCLUDED 

 
A. Installation of Direct Digital Control (DDC) System 

 
1. The DDC Contractor shall furnish and install a complete Direct Digital Control 

(DDC) System for all mechanical systems and other facility systems as included 
in the project Documents. The DDC system will provide the functional features 
as defined in Part 1 - General Requirements, Part 2 - Products, and Part 3 - 
Execution of these Specifications. The DDC Contractor shall provide a complete 
and operational system to perform all sequences of operations stated within 
Part 3 or-shown on the control drawings. 

 
2. The work under this Section shall include all materials and labor to perform all 

work required for the installation of the DDC as specified. 
 
3. The drawings and specifications are complementary to one another - meaning 

that what is called for on one is to be considered called for in both. Where 
conflicts exist between the specifications and/or drawings, the more stringent 
requirement shall apply. 

 
4. The DDC Contractor shall be responsible for field verification of site conditions 

and for gathering all necessary field data for all items to be provided under this 
contract prior to submitting his or her bid. 

 
  5. Where work specified under other Sections of this Specification connects to 

equipment or systems that are listed and described in this Section, the DDC 
Contractor shall provide proper connection(s) to such equipment including trade 
coordination. 
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1.07  COORDINATION 
 

A. Divisions 
 
1. The DDC Contractor shall cooperate with other divisions performing work on 

this project as necessary to achieve a complete and neat installation. The 
Contractor shall also consult the drawings and specifications of all trades to 
determine the nature and extent of others' work. 

 
  2. Contractors, Sub-contractors, Employees: It will be the duty of this Contractor to 

work in cooperation with other contractors, and with other sub-contractors and 
employees, rendering assistance and arranging his or her work so that the 
entire project. 

 
1.08  MANUALS 

 All manuals shall be provided in hard copy format or on a single Compact Disk (CD) as part of 
an on-line Documentation system through the operator workstation. 

 
 
2 - PRODUCTS (Not applicable) 
 
2.01 SYSTEM ARCHITECTURE 

 
 A. First Tier Network 
 

1. The first tier network shall be based on a PC industry standard of Ethernet 
TCP/IP, or ARCnet. PC Workstation LAN controller cards shall be standard "off 
the shelf" products available through normal PC vendor channels. 

 
2. The DDC system shall network multiple operator workstations, network 

controllers, system controllers, and application-specific controllers. The first tier 
network shall provide communications between operator workstations and first 
tier DDC (Direct Digital Control) controllers. 

 
3. The first tier network shall operate at a minimum communication speed of 2.5 M 

baud, with full peer-to-peer network communication. 
 
4. Network Controllers shall reside on the first tier. 

 
B. First Tier Network Protocol Integration 

 
1. The protocol used between two different vendor systems will be BACnet over 

Ethernet and comply with the ASHRAE BACnet Standard 135-2004. 
 
2. The system installed under this contract shall allow bi-directional 

communications between the existing host system if applicable or a BACnet 
system over an Ethernet TCPIIP data link, or ARCnet. Supported media shall 
include fiber, 10base2, and 10baseT. 

 
3. A complete Protocol Implementation Conformance Statement (PICS) shall be 

provided for all BACnet system devices. 
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4. The ability to share data and change of state (COS) between the existing 

designated host system and the system installed under this contract shall be 
provided. 

 
C. Second Tier Network 

 
1. The second tier network is used to communicate between the first tier DDC 

controllers and field controllers. 
 
2. Second tier networks shall utilize either "Peer-to-Peer," Master-Slave, or 

Supervised Token Passing communications or LONWORKS. 
 

D. Second Tier Controller Protocol Integration 
 

 1. Hardwired 
  a. Analog and digital signal values shall be passed from one system to 

another via hardwired connections. 
  b. There will be one separate physical point on each system for each point 

to be integrated between the systems. 
  c. Analog points will be 4-20 mA signals originating at the "from system" 

and being received by the "to system". 
  d. Digital points will be "dry contact" signals originating at the "from system" 

and being received by the "to system." 
 

 2. Direct Protocol 
  a. The DDC system shall include appropriate hardware equipment and 

software to allow data communications between the DDC system and 
3rd party manufacturers control panels. The DDC shall receive, react to, 
and return information from multiple building systems, variable frequency 
drives, power monitoring systems, etc. 

  b. All data required by the application shall be mapped into the First Tier 
Network DDC Controller's database, and shall be transparent to the 
operator. 

  c. Point inputs and outputs from the third-party controllers shall have real-
time interoperability with DDC software features such as: Control 
Software, Energy Management, Custom Process Programming, Alarm 
Management, Historical Data and Trend Analysis, Totalization, and Dial-
Up and Local Area Network Communications. 

  d. Integration shall be via BACnet technologies. 
  e. The system operator shall have the ability to verify, and diagnose 

communication messages and point information between third-party 
controllers and the DDC system. 
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2.02  DDC SYSTEM 
  

A. Provide a DDC system as a distributed control system. The system shall have 
standalone digital controllers, a communications network (new or existing), and a 
separate workstation computer with workstation software. 

 
 B. Provide an operator programmable system, based on the user applications, to perform 

closed-loop, modulating and/or on-off control of building equipment. Connect all digital 
controllers through the communication network to share common data and report to 
workstation computers. The workstation computers will be capable of being 
programmed to supervise the digital controllers. The control system shall be capable of 
down-loading and up-loading of programs between the workstation and the digital 
controllers. 

 
C. Provide the quantity of digital controllers indicated on the drawings that will perform 

required climate control, energy management, and alarm functions. The quantity of 
controllers shall be no less than the number shown on drawings. All material used shall 
be currently in production. 

 
 1. Direct Digital Controllers: DDC hardware shall be UL 916 rated. 

  a. Distributed Control: Apply digital controllers in a distributed control 
manner. 

  b. Environmental Operating Limits: Provide digital controllers that operate 
in environmental conditions between 32 and 120 degrees Fahrenheit. 

   c. Stand-Alone Control: Provide stand-alone digital controllers. 
  d. Internal Clock: Provide clock with each controller on the first tier local 

area network (LAN) and shall have its clock backed up by a battery or 
capacitor with sufficient capacity to maintain clock operation for a 
minimum of 72 hours during a line power outage. 

   e. Memory: 
  1) Provide sufficient memory for each controller to support required 

control and communication functions. 
  2) Memory Protection: Programs residing in memory shall be 

protected either by using EEPROM or by an uninterruptible 
power source (battery or uninterruptible power supply (UPS)). 
The backup power source shall have sufficient capacity to 
maintain volatile memory in event of an AC power failure. Where 
the uninterruptible power source is rechargeable (a rechargeable 
battery), provide sufficient capacity for a minimum of seventy two 
hours back-up. The rechargeable power source shall be 
constantly charged by charging circuitry while the controller is 
operating under normal line power. Where a non-rechargeable 
power source is used, provide sufficient capacity for a minimum 
of two years accumulated power failure. Batteries shall be 
designed to allow replacement without soldering. 

  f. Inputs: Provide input function integral to the direct digital controller. 
Provide input type as required by the DDC design. 

  1) Analog Inputs: Allowable input types are three wire 100 ohm or 
higher platinum RTD's, stable 10,000 ohm thermistors, 0-10 VDC 
and 4 to 20 ma. Thermistor and direct RTD inputs must have 
appropriate conversion curves stored in controller software or 
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firmware. Analog to digital (A/D) conversion shall be a minimum 
of 10 bit resolution. 

  2) Digital Inputs: Digital inputs shall sense open/close, on/off, or 
other two state indications. 

  g. Outputs: Provide output function integral to the direct digital controller. 
Provide output type as required by the DDC design. Ensure that outputs 
of controllers are compatible with controlled devices. 

  1) Analog Outputs: Provide controllers with a minimum output 
resolution of 8 bits. Output shall be 4 to 20 ma or 3 to 15 psi or 0-
10 VDC. Each pneumatic output shall have feedback for 
monitoring of the actual pneumatic signal. Feedback shall be 
integral to the output function. 

     2) Digital Outputs: Provide contact closure with contacts rated at a 
minimum of 1 ampere at 24 volts. 

  h. PID Control: Provide controllers with proportional, proportional plus 
integral, and proportional plus integral plus derivative control capability. 
Terminal controllers are not required to have the derivative component. 

  i. Digital Controller Networking Capabilities: The upper level digital 
controllers shall be capable of being networked with other similar upper 
level controllers. Upper level controllers shall also be capable of 
communicating over a network between buildings. 

  j. Communications Ports 
     1) Controller-to-Controller LAN Communications Ports: Controllers 

in the building DDC system shall be connected in a 
communications network. Controllers shall have controller to 
controller communication ports to both peer controllers (lower 
level controller). Network may consist of more than one level of 
local area network and one level may have multiple drops. 
Communications network shall permit sharing between 
controllers of sensor and control information, thereby allowing 
execution of dynamic control strategies and coordinated 
response to alarm conditions. 

     2) On-Site Interface Ports: Provide a RS-232, RS-485, or RJ-11, or 
RJ-45 communications port for each digital controller that allows 
direct connection of a computer or hand held terminal and 
through which the controller may be fully interrogated. Controller 
access shall not be limited to access through another controller. 
On-site interface communication ports shall be in addition to the 
communications port(s) supporting controller to controller 
communications. Communication rate shall be 56K Baud 
minimum. Every controller on the highest level LAN shall have a 
communications port supporting direct connection of a computer; 
a hand held terminal port is not sufficient. By connecting a 
computer to this port, every controller in the direct digital control 
system shall be able to be fully interrogated and programmed. 
The following operations shall be available: downloading and 
uploading control programs, modifying programs and program 
data base, and retrieving or accepting trend reports, status 
reports, messages, and alarms. 

     3) Remote Work Station Interface Port: Provide one additional direct 
connect computer port in each DDC system for permanent 
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connection of a remote operator's workstation, unless the 
workstation is a node on the LAN. All operations possible by 
directly connecting a computer to a controller at the highest level 
LAN shall be available through this port. 

     4) Telecommunications Interface Port: Provide one additional 
telecommunications port in each DDC system permitting remote 
communications via telephone. All operations possible by directly 
connecting a computer to a controller at the highest level LAN 
shall be available through the telecommunications port. A 
telecommunications port provided on a digital controller shall be 
in addition to the port required for directly connecting a computer 
to the controller. Telecommunication baud rate shall be 96K 
minimum. 

  k.  Modem: Provide one modem per DDC system to communicate between 
the digital control system and the workstation. 

  I. Digital Controller Cabinet: Each digital controller cabinet shall protect the 
controller from dust and. be rated NEMA 1, unless specified otherwise. 
Controller cabinets, or enclosures the controller's is mounted in shall be 
provided with a lock. 

  m. Main Power Switch: Each controller on the highest level LAN shall have 
a main power switch for isolation of the controller from AC power. The 
switch shall be protected from tampering within the DDC cabinet. 

 
  2. Terminal Control Unit Controllers 

  a. TCU controllers shall be manufactured by the same company as the 
digital controllers. 

  b. TCU controllers shall automatically start-up on return of power after a 
failure, and previous operating parameters shall exist or shall be 
automatically downloaded from a digital controller on a higher level LAN. 

  c. TCU controllers do not require an internal clock, if they get time 
information from the digital controller. 

 
  3. DDC Software: Software resides in the digital controllers and performs control 

sequences. 
  a. Sequence of Control: Provide, in the digital controllers, software to 

execute the sequence control. Provide sequences of control written in 
both text and graphic format. 

  b. Database Modification: Provide software to modify the control program 
database. Database modification shall be accomplished through 
connected computer or hand held terminal or through a keypad integral 
to the controller. Database modification shall be accomplished without 
having to make changes directly in line-by-Iine programming. As a result 
of this requirement, when the control program is of the line-by-Iine type, 
database parameters in the following list that take real number values 
shall require assignment of variable names so parameters can be 
changed without modifying the line-by-Iine programming. Alternatively, 
block programming languages shall provide for modification of these 
database parameters in fill-in-the-blank screens. The following shall be 
modifiable in this way: 

    1) Setpoints 
       2) Deadband limits and spans 
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    3) Reset schedules 
    4) Switchover points 
    5) PID gains and time between control output changes 
    6) Time 
    7) Timed local override time 
    8) Occupancy schedules 
    9) Holidays 
    10) Alarm points, alarm limits, and alarm messages 
    11) Point definition database 
    12)  Point enable, disable, and override 
    13)  Trend points, trend intervals, trend reports 
    14)  Analog input default values 
    15)  Passwords 
    16)  Communications parameters including network and telephone 

communications setups 
  c. Differential: Where equipment is started and stopped or opened and 

closed in response to some analog input such as temperature, pressure, 
or humidity, include a differential for the control loop to prevent short 
cycling of equipment. 

  d. Motor and Flow Status Delay: Provide an adjustable delay between 
when a motor is commanded on or off and when the control program 
looks to the motor or flow status input for confirmation of successful 
execution of the command. 

  e. Runtime Accumulation: Provide resettable run time accumulation for 
each controlled electrical motor. 

  f. Timed Local Override: Provide user definable adjustable run time for 
each push of a momentary contact timed local override. Pushes shall be 
cumulative with each push designating the same length of time. Provide 
a user definable limit on the number of contact closures summed, such 
as 6, before the contact closures are ignored. Timed local overrides are 
to be disabled during occupancy periods. 

  g. Time Programs: Provide programs to automatically adjust for leap years, 
and make daylight savings time and standard time adjustments. 

  h. Scheduling 
    1) Each control output point shall be adjustable for selection of 

operation based on time of day, day of week, and day of year. 
Output points may be associated into groups. Each group may 
be associated with a different schedule. Changing the schedule 
of a group shall change the schedule of each point in the group. 
Points may be added to and deleted from groups. Groups may 
be created and deleted by the operator. 

    2) Provide capability that will allow current schedules to be viewed 
and modified in a seven day week format. When control program 
does not automatically compute holidays, provide capability to 
allow holiday schedules to be entered one full year at a 
time. 

  i. Point Override: I/O and virtual points shall be able to be software 
overridden in the software and commanded to any possible value from 
the main building digital controller. 

  j. Alarming: I/O points and virtual points shall be alarmable. Alarms may be 
enabled and disabled for every point. Alarm limits shall be adjustable on 
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analog points. Controllers connected to an external communications 
device such as a printer, terminal, or computer, shall download alarm 
and alarm message when alarm occurs. Otherwise alarms will be stored 
and automatically downloaded when a communications link 
occurs. The following conditions shall generate alarms: 

    1) Motor is commanded on or off but the motor status input 
indicates no change 

    2) Room temperature, humidity, or pressure strays outside 
selectable limits 

    3) An analog input takes a value indicating sensor failure 
    4) A module is "dead" to the LAN 
    5) A power outage occurs 

  k. Messages: Messages shall be operator defined and assigned to alarm 
points. 

   Messages shall be displayed when a point goes into alarm. 
 
  I. Trending: DDC system shall have the capability to trend I/O and virtual 

points. Points may by associated into groups. A trend report may be set 
up for each group. The period between logging consecutive trend values 
shall range from one minute to 60 minutes at a minimum. Trend data 
type shall be selectable as either averages over the logging period or 
instantaneous values at the time of logging. The minimum number of 
consecutive trend values stored at one time shall be 30 per variable. 
When trend memory is full, the most recent data shall overwrite the 
oldest data. Trend data shall be capable of being uploaded to computer. 
Trend data shall be available on a real time basis; trend data shall 
appear either numerically or graphically on a connected computer's 
screen as the data being processed from the DDC system data 
environment. Trend reports shall be capable of being uploaded to 
computer disc and archived. 

  m. Status Display: Current status of I/O and virtual points shall be displayed 
on command. Points shall be associated into functional groups, such as 
all the I/O and virtual points associated with control of a single air 
handling unit, and displayed as a group, so the status of a single 
mechanical system can be readily checked. A group shall be selectable 
from a menu of groups having meaningful names; such as AHU-4, 
Second Floor, and other such names. 

  n. Diagnostics: Each controller shall perform self-diagnostic routines and 
provide messages to an operator when errors are detected. DDC system 
shall be capable of recognizing a nonresponsive module on a LAN. The 
remaining, responsive modules on a LAN shall not operate ate in a 
degraded mode. 

  o. Power Loss: In event of a power outage, each controller shall assume a 
disabled status and outputs shall go to an user definable state. Upon 
restoration of power, DDC system shall perform an orderly restart, with 
sequencing of outputs. 

  p. Program Transfer: Provide software for download of control programs 
and database from a computer to controllers and upload of same to 
computer from controllers. Every digital controller in the DDC system 
shall be capable of being downloaded and uploaded to through a single 
controller on the highest level LAN. 
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  q. Password Protection: Provide at least three levels of password 
protection to the DDC system permitting different levels of access to the 
system. 

  r. Energy Data Recording: Provide a resettable signal accumulation for 
each meter at the main building digital controller. 

       1) Record electrical energy in KWH and electrical demand in KW. 
 
2.03 SENSORS AND INPUT HARDWARE 
 

A. Field Installed Temperature Sensors 
 
1. Thermistors: Precision thermistors may be used in temperature sensing 

applications below 200 degrees F. Sensor accuracy over the application range 
shall be 0.36 degree F or less between the range of 32 to 150 degrees F. 
Sensor manufacturer shall utilize 100 percent screening to verify accuracy. 
Thermistors shall be pre-aged, and inherently stable. Stability error of the 
thermistor over five years shall not exceed 0.25 degree F cumulative. Sensor 
element and leads shall be encapsulated. Bead thermistors are not allowed. AID 
conversion resolution error shall be kept to 0.1 degree F. Total error for a 
thermistor circuit shall not exceed 0.5 degree F, which includes sensor error and 
digital controller AID conversion resolution error. Provide thermistor and digital 
controller manufacturer Documentation and the Contractor's engineering 
calculations which support the proposed thermistor input circuit will have a total 
error of 0.5 degree F or less. Provide 18 gage twisted and shielded cable for 
thermistors. 

 
   2. Resistance Temperature Detectors (RTDs): Provide RTD sensors with 1000 

ohm, or higher, platinum element that are compatible with digital controllers. 
Sensors shall be encapsulated in epoxy, series 300 stainless steel, anodized 
aluminum, or copper. Temperature sensor accuracy shall be 0.1 percent (1 
ohm) of expected ohms (1000 ohms) at 32 degrees F. Temperature sensor 
stability error over five years shall not exceed 0.25 degree F cumulative. Direct 
connection of RTDs to digital controllers, without transmitters, is preferred 
provided controller supports direct connection of RTDs. When RTDs are 
connected directly to the controller, keep lead resistance error to 0.25 degree F 
or less. Provide 3 wire sensing circuits to not exceed the 0.25 degree F lead 
resistance error. Total error for a RTD circuit shall not exceed 0.5 degree F, 
which includes sensor error, lead resistance error or 4 to 20 milliampere 
transmitter error, and AID conversion resolution error. Provide manufacturer 
Documentation and the Contractor's engineering calculations which support the 
proposed RTD circuit will have a total error of 0.5 degree F or less for the 
specified application. 

   a. Wiring: Provide 18-gage twisted and shielded pair cable for direct 
connected RTDs. Provide 18-gage twisted and shielded pair cable for 
RTDs using 4 to 20 milliampere transmitters. 

   b. Transmitters: Provide 4 to 20 milliampere transmitters for RTDs where 
Digital controllers do not support direct connection of RTDs to 
controllers; Digital controllers do not meet temperature resolution 
requirement of 0.5 degree F 
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3. Temperature Sensor Details 
   a. Room: Conceal element behind protective cover matched to the room 

interior. Room temperature sensor shall have integral pushbutton, digital 
input to the controller for system override, and a setpoint adjustment, 
analog input to the controller. Digital sensors that communicate directly 
with the terminal control unit are acceptable. Provide a connection to 
allow interrogation of the digital controller. 

   b. Duct Averaging Type: Continuous averaging RTDs for ductwork 
applications shall be 1 foot in length for each 4 square feet of ductwork 
cross-sectional area with a minimum length of 6 feet. Probe type duct 
sensors of one foot length minimum are acceptable in ducts 12 feet 
square and less. 

   c. Immersion Type: ~. 3 inches and 6 inches where needed total immersion 
for use with sensor wells, unless otherwise indicated. 

   d. Sensor Wells: Brass materials; provide thermal transmission material 
compatible with the immersion sensor. Provide heat-sensitive transfer 
agent between exterior sensor surface and interior well surface. 

   e. Outside Air Type: Provide element on the buildings north side with 
sunshade to minimize solar effects. Mount element at least 3 inches 
from building outside wall. Sunshade shall not inhibit the flow of ambient 
air across the sensing element. Shade shall protect sensing element 
from rain. 

 
 B. Transmitters: Transmitters shall have 4 to 20 ma, or 0-10 VDC output linearly scaled to 

the temperature, pressure, humidity, or flow range being sensed. Transmitter shall be 
matched to the sensor, factory calibrated, and sealed. Total error shall not exceed 0.1 
percent of 20 milliampere (0.02 milliampere) at any point across the 4 to 20 ma span.  
Supply voltage shall be 24 volts ac or dc. Transmitters shall have non-interactive offset 
and span adjustments. For temperature sensing, transmitter stability shall not exceed 
0.05 degree F a year. 

  1. Spans and Ranges: Transmitter spans or ranges shall be the following and shall 
be suitable for the application: 

   a. Temperature: 
    1) 50 degree F span: Room, chilled water, cooling coil, discharge 

air, return air sensors 
    2) 100 degree F span: Outside air, hot water, heating coil discharge 

air, mixed air sensors 
    3) 200 degree F span: High temperature hot water, heating hot 

water, chilled/hot water system sensors 
      b. Pressure 
    1) 0 to 100 psi differential: Water differential range 
    2) 0 to 5 inches water range: Duct static pressure 
 

C. Relative Humidity Transmitters: Provide integral humidity transducer and transmitter. 
Output of relative humidity instrument shall be a 4 to 20 milliampere or 0 to 10 VDC 
signal proportional to 0 to 100 percent relative humidity input. Accuracy shall be 2 
percent of full scale within the range of 20 to 80 percent relative humidity. Sensing 
element shall be chilled mirror type, polymer, or thin film polymer type. Supply voltage 
shall be 24 VDC. Transmitter shall meet specified requirements. 
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D. Pressure Transmitters: Provide integral pressure transducer and transmitter. Output of 
pressure instrument shall be a 4 to 20 milliampere or 0 to 10 VDC signal proportional to 
the pressure span. Span shall be as specified. Accuracy shall be 1.0 percent. Linearity 
shall be 0.1 percent. Supply voltage shall be 24 VDC. Transmitter shall meet specified 
requirements. 

 
E. Current Transducers: Provide current transducers to monitor amperage of motors. 

Select current transducer range for normal amperage to be above 50 percent of the 
range. Current transducers shall have an accuracy of 1 percent and a 4 to 20 
milliampere output signal. 

 
F. Input Switches 

 
  1. Differential Static Pressure Switch: Provide diaphragm type differential static 

pressure switches for binary (two position) operation as specified in sequence of 
operation. Devices shall withstand pressure surges up to 150 percent of rated 
pressure. Contacts shall be single pole double throw and switch may be wired 
for normally open or normally closed operation. Trip set point shall be 
adjustable. Pressure switch shall be sized so that operating pressure trip point is 
approximately midpoint of pressure switch adjustable range. Repetitive 
accuracy shall be 2 percent. 

  2. Induced Current Operated Solid State Switches: Provide adjustable ranging to 
monitor continuous loads up to 200 amperes. Switch shall indicate whether it is 
normally open or normally closed. Limit off-state leakage to 2 milliampere or 
less. 

  3. Timed Local Override: Provide momentary contact push button override with 
override time set in controller software. Provide to override DDC time of day 
program and activate occupancy program for assigned units. Upon expiration of 
override time, the control system shall return to time-of-day program. Time 
interval for the length of operation shall be software adjustable and shall expire 
unless reset. 

 
G. C02 sensors: Provide C02 sensors with integral transducers. Output signal shall be 4 to 

20 mA or 0-10 VDC. Accuracy shall be +/- 5 percent. 
 

H. Energy Metering 
 
  1. Electric Meters: Provide kilowatt-hour (kWh) meter for building as indicated. 
   Integrate electric meter signal into DDC system. 
 

2. Meter: ANSI C12.10. Provide watt-hour meter and socket corresponding to the 
ratios of the current transformers and transformer secondary voltage. Meter 
shall be selected for -volt, three-phase, three four-wire wye delta system, three-
element type with three current transformers. Meters shall be complete with a 
box mounted socket having automatic circuit closing bypass. Provide watt-hour 
meter with not less than four pointer-type kWh registers, provisions for pulse 
initiation, and a universal Class 2 indicating maximum kW demand register, 
sweep pointer indicating type, with a 15 30 60 -minute interval. Meter accuracy 
shall be within plus or minus one percent. The correct multiplier shall be 
provided on face of meter. 
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  3. Current Transformer: ANSI C57.13. Provide three current transformers with 
600-volt insulation, rated for metering with voltage, BIL, momentary, and burden 
ratings coordinated with the ratings of the associated meters. Provide a butyl 
molded donut or window type transformers mounted on a bracket to allow 
secondary cables to connect to the transformer bushings. Identify the wiring of 
the current transformer secondary feeders to permit field current measurements 
to be taken with hook-on ammeters. 

 
2.04 OUTPUT HARDWARE 

 
A. Damper: Damper shall conform to SMACNA DCS. 

 
1. A single damper section shall have blades no longer than 48 inches and shall 

be no higher than 72 inches. Maximum damper blade width shall be 8 inches. 
Larger sized damper shall be made from a combination of sections. 

 
2. Dampers shall be steel, or other materials where shown. Flat blades shall be 

made rigid by folding the edges. Blades shall be provided with compressible 
seals at points of contact. The channel frames of the dampers shall be provided 
with jamb seals to minimize air leakage. Dampers shall not leak in excess of 20 
cfm per square foot at 4 inches water gage static pressure when closed. Seals 
shall be suitable for an operating temperature range of minus 40 degrees F to 
200 degrees F. Dampers shall be rated at not less than 2000 fpm air velocity. All 
blade-connecting devices within the same damper section will not be located 
directly in the air stream. Damper axles shall be 0.5 inch (minimum) plated steel 
rods supported in the damper frame by stainless steel or bronze bearings. 
Blades mounted vertically shall be supported by thrust bearings. Pressure drop 
through dampers shall not exceed 0.04 inch water gage at 1000 fpm in the wide 
open position. Frames shall not be less than 2 inches in width. Dampers shall 
be tested in accordance with AMCA 500. 

 
3. Operating links external to dampers (such as crank arms, connecting rods, and 

line shafting for transmitting motion from damper actuators to dampers) shall 
withstand a load equal to twice the maximum required damper-operating force. 
Rod lengths shall be stainless steel. Working parts of joints and clevises shall 
be brass, bronze, or stainless steel. Adjustments of crank arms shall control the 
open and closed position of dampers. 

 
B. Valves 

 
  1. Valve Assembly: Valves shall have stainless steel stems. Valve bodies shall be 

designed for not less than 125 psig working pressure or 150 percent of the 
system operating pressure, whichever is greater. Valve leakage rating shall be 
0.01 percent of rated Cv. Class 125 copper alloy valve bodies and Class 150 
steel or stainless steel valves shall conform to ASME/ANSI B16.5 as a 
minimum. Cast iron valve components shall conform to ASTM A 126 Class B or 
C as a minimum. 
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C. Actuator: Provide electric type with spring return so that, in the event of power failure, 
actuators shall fail safe in either the normally open or normally closed position as 
specified. Actuators shall be quiet operating and function properly within the range of 85 
to 110 percent of the motive power. Provide a minimum of one actuator for each 
damper. 
 
1. Electric Actuators: Provide direct drive electric actuators for all damper control 

applications. When operated at rated voltage, each operator shall be capable of 
delivering the torque required for continuous uniform movement of the valve or 
damper and shall have end switch to limit travel or shall withstand continuous 
stalling without damage. Operators shall function properly with range of 85 to 110 
percent of line voltage. Provide gears of steel or copper alloy. Fiber or reinforced 
nylon gears may be used for torques less than 16 inch pounds. Provide hardened 
steel running shafts in sleeve bearing of copper alloy, hardened steel, nylon, or ball 
bearing. Provide two-position operators of the single direction, spring return, or 
reversing type. Provide proportioning operators capable of stopping at all points in 
the cycle and starting in either direction, from any point. Provide reversing and 
proportioning operators with limit switches to limit travel in either direction unless 
operator is stall type. Equip valve operators with a force limiting device such as 
spring yield so that, when in a relaxed position, device shall maintain a pressure on 
valve disc equivalent to system pressure at valve. Provide reversible shaded pole, 
split capacitor, synchronous, or stepped type electric motors. 
 

D. Output Switches 
 

  1. Control Relays: Shall be double pole, double throw (DPDT), UL listed, with 
contacts rated to the application, and enclosed in a dustproof enclosure. Equip 
with a light indicator which is lit when coil is energized and is off when coil is not 
energized. Relays shall be socket type, plug into a fixed base, and be 
replaceable without need of tools or removing wiring. 

 
2.05 ELECTRICAL POWER AND DISTRIBUTION 

 
A. For control power, provide a new, 120 volts or less, 60 Hz, two-pole, three wire (black, 

white and green) circuit. Run green ground wire to panel ground. Conduit grounding will 
not be accepted. 

 
B. Transformers: Transformers shall conform to UL 506. Power digital controllers and 

digital controllers serving terminal control units shall be fed from dedicated circuit 
breakers with surge protection specified. Transformers for digital controllers serving 
terminal equipment on lower level LANs may be grouped to have specified surge 
protection sized for the number of controllers on a single transformer. Provide a fuse 
cutout on the secondary side of the transformer. 

 
C. Surge Protection: Surge and transient protection consist of devices installed externally 

to digital controllers. 
 
  1. Power Line Surge Protection: Surge suppressors external to digital controller, 

shall be installed on all incoming AC power. Surge suppressor shall be rated by 
UL 1449, and have clamping voltage ratings below the following levels: 
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   a. Unit is a transient voltage surge suppressor (TVSS) 120VAC/single 
phase/2wire plus ground. Hard wire individual equipment protector. 

   b. Unit must react with 5 nanoseconds and automatically reset. 
   c. Voltage protection threshold, line to neutral, starts at no more than 21 

volts peak on the 120 VAC line. 
   d. TVSS must have an independent secondary stage equal to or greater 

than the primary stage joule rating. 
   e. The primary suppression system components must be pure Silicon 

Avalanche Diodes. 
   f. Silicon Avalanche Diodes (SAC) or Metal Oxide Varistors (MOV) are 

acceptable in the independent secondary suppression system. 
   g. The Transient Suppression System shall incorporate an indicating light 

which denotes whether the primary and/or secondary transient 
protection components is/are functioning. 

   h. All system functions of the Transient Suppression System must be 
individually fused and not short circuit the AC power supply at any time. 

 
   i. The Transient Suppression System shall incorporate an EMI/RFI noise 

filter with a minimum attenuation of 13 db at 10kHz to 300 MHz. 
   j. The system must comply with IEEE C52.41, Class “B" requirement and 

be tested according to IEEE C62.45. 
   k. The system shall operate at -20 degrees C to +50 degrees C. 
 
  2. Telephone and Communication Line Surge Protection: Provide transient surge 

protection to protect the DDC controller and LAN related devices from surges 
that occur on the phone lines (modem and direct connect) and on inter-unit LAN 
communications. Devices shall be UL listed. 

   a. The surge protection shall be a rugged package with continuous, non-
interrupting protection and not use "crowbar" circuiting. Instant automatic 
reset after safely eliminating transient surges, induced lightning and 
other forms of transient over voltages. 

   b. Unit must react within 5 nanoseconds using only solid-state silicon 
avalanche technology. 

   c. Unit shall be installed at the proper distance within system as 
recommended by the manufacturer. 

 
  3. Controller Input/Output Protection: Controller input/output points shall be surge 

protected with optical isolation, MOV or silicon avalanche devices. Fuses are 
not permitted for surge protection. 

 
D. Wiring: Provide complete electric wiring for DDC system, including wiring to transformer 

primaries. Control circuit conductors which run in the same conduit as power wiring 
over 100 volts. Circuits operating at more than 100 volts shall be in accordance with 
Division 16 Electrical. Circuits operating at 100 volts or less shall be defined as low 
voltage and shall be run in rigid or flexible conduit, metallic tubing, metal raceways or 
wire trays, armored cable, or multi-conductor cable. Provide circuit and wiring protection 
as required by NFPA 70. HVAC plenums include the space between a drop ceiling and 
the architectural ceiling, within walls and within ductwork. Protect exposed wiring from 
abuse and damage. 
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E.  
1. AC Control Wiring: Control wiring for 24 volt circuits shall be insulated copper 18 

AWG minimum and shall be rated for 300 VAC service. 
 

  2. Wiring for 120 volt shall be 14 AWG minimum and shall be rated for 600 VAC 
   service. 
 
  3. Analog Signal Wiring: Analog signal wiring shall be 18 AWG single or multiple 

twisted pair. Each cable shall be 100 percent shielded and have 20 AWG drain 
wire. Each wire shall have insulation rated to 300 VAC. Cables shall have an 
overall aluminum-polyester or tinned-copper (cable-shield tape), overall 20 
AWG tinned copper cable drain wire and overall cable insulation rated to 300 
VAC. Install analog signal wiring in conduit separate from AC power circuits. 

 
2.06 FIRE PROTECTION DEVICES 
 

A. Smoke Detectors: Provide smoke detectors in return and main supply air ducts on 
downstream side of filters in accordance with NFPA 90A, except as otherwise 
indicated. Provide UL listed or FM approved detectors for duct installation. Smoke 
detectors shall be compatible with the fire alarm system requirements. 

 
 B. Smoke Dampers and Combination Smoke/Fire Dampers: Smoke damper and actuator 

assembly as required in accordance with NFPA 90A shall meet the Class " leakage 
requirements of UL 555S. Dampers shall be factory fabricated, galvanized steel or 
stainless steel with lubricated bearing, linkage, and seals to withstand temperatures 
from minus 20 to plus 250 degree F. Provide seals that can easily be replaced. 
Combination smoke/fire dampers shall have UL 1.5 hour rating and shall be equipped 
with electric/thermal link which closes damper at 165 degrees F and then automatically 
resets after normal temperature is restored by cycling damper operator. Equip dampers 
with pneumatic or electric operators which close smoke dampers tightly when activated. 

 
2.07 INDICATORS 
 

A. Thermometers: Provide thermometers in locations as indicated. Thermometers shall 
have either 9 inch scales, or 3.5 inch dials and shall have insertion, immersion or 
averaging elements as indicated. Provide thermowells for liquid sensing applications. 
Select thermometer ranges so normal temperatures are approximately equal to 
midpoint readings on the scale, unless otherwise stated. 

 
B. Pressure Gages: Provide pressure gages as indicated. Select gage range so normal 

pressures are approximately equal to the midpoint readings on the scale, unless 
otherwise specified. Accuracy shall be plus or minus 2 percent of the range. Gages 
shall conform to ANSI/ASME B40.1 00. Select Bourdon tube material in accordance 
with the recommendation by the manufacturer for the service flu id being measured. 
Provide shutoff cock for each gauge connection. 

 
1. Gages indicating pneumatic outputs shall have 2 inch diameter faces. Scale 

shall be 0 to 30 psi, with 1 psi graduations. 
 
2. Gages for low differential pressure measurements shall be 4-1/2 inches 

(nominal diameter) size with two sets of pressure taps, and shall have a 
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diaphragm actuated pointer, white dial with black figures, and pointer zero 
adjustment. Gage shall have ranges and graduations as shown. Accuracy shall 
be plus or minus 2 percent of scale range. 

 
  3. Gages for static pressure shall be 4-1/2 inches (nominal diameter) size with 

bottom threaded connection. 
 
3 - EXECUTION 

 
3.01 INSTALLATION 

 
A. Perform installation under supervision of competent technicians regularly employed in 

the installation of DDC systems. Provide components for a complete and operational 
system. 

 
B. Wiring Criteria 

 
1. Input/Output identification: Permanently label each field wire, cable, or 

pneumatic tube at each end with unique identification. 
 
2. Rigid or flexible conduit shall be terminated at all sensors and output devices. 

 
  3. Surge Protection: Install surge protection in accordance with the manufacturer's 

recommendations. 
 

4. Grounding: Ground controllers and cabinets to a good earth ground. Ground 
controller to a ground in accordance with Division 16. Grounding of the green ac 
ground wire, at the breaker panel, alone is not adequate. Run metal conduit 
from controller panels to adequate building grounds. Ground sensor drain wire 
shields at controller end. 

 
5. Contractor is responsible for correcting all associated ground loop problems. 

 
C. Digital Controllers 
 

1. Do not divide control of a single mechanical system such as an air handling unit, 
boiler, chiller, or terminal equipment between two or more controllers. A single 
controller shall manage control functions for a single mechanical system. It is 
permissible, however, to manage more than one mechanical system with a 
single controller. 

 
2. Provide digital control cabinets that protect digital controller electronics from 

dust, at locations shown on the drawings. 
 

3. Provide a main power switch at each highest level LAN digital controller within 
controller cabinet. 

 
4. No multiplexing of points is allowed. 
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D. Temperature Sensors: Provide temperature sensors in locations to sense the 
appropriate condition. Provide sensor where they are easy to access and service 
without special tools. Calibrate sensors to accuracy specified. In no case will sensors 
designed for one application be installed for another application. 

 
    1.  Duct Temperature Sensors 
   a. Provide sensors in ductwork in general locations as indicated. Select 

specific sensor location within duct to accurately sense appropriate air 
temperatures. Do not locate sensors in dead air spaces or positions 
obstructed by ducts or equipment. Install gaskets between the sensor 
housing and duct wall. Seal duct and insulation penetrations. 

   b. String duct averaging sensors between two rigid supports in a serpentine 
position to sense average conditions. Thermally isolate temperature 
sensing elements from supports. Provide duct access doors to averaging 
sensors. 

 
2. Immersion Temperature Sensors: Provide thermowells for sensors measuring 

temperature in liquid applications or pressure vessels. Locate wells to sense 
continuous flow conditions. Do not install wells using extension couplings. 
Where piping diameters are smaller than the length of the wells, provide wells in 
piping at elbows to effect proper flow across entire area of well. Wells shall not 
restrict flow area to less than 70 percent of pipe area. Increase piping size as 
required to avoid restriction. Provide thermowells with thermal transmission 
material within the well to speed the response of temperature measurement. 
Provide wells with sealing nuts to contain the thermal transmission material. 

 
3. Outside Air Temperature Sensors: Provide outside air temperature sensors on 

north side of the building, away from exhaust hoods, air intakes and other areas 
that may affect temperature readings. Provide sunshields to protect outside air 
sensor from direct sunlight. 

 
E. Damper Actuators: Actuators shall not be mounted in the air stream. 
 
F. Thermometers: Provide thermometers at locations indicated. Mount thermometers to 

allow readability when standing on the floor. 
 

G. Pressure Sensors 
 
  1. Differential Pressure 
   a. General - Install pressure sensing tips in locations to sense appropriate 

pressure conditions. 
   b.  Duct Static Pressure Sensing - Locate duct static pressure tip 

approximately two thirds of distance from supply fan to end of duct with 
the greatest pressure drop. 

 
 H. Control Drawings: Post laminated copies of as-built control system drawings in each 

mechanical room. Provide six (6) sets of as-built drawings to the activity. 
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3.02 ADJUSTMENTS 
 
 A. Calibrate instrumentation and controls and verify the specified accuracy using test 

equipment with test equipment accuracy. Adjust controls and equipment to maintain 
conditions indicated, to perform functions indicated, and to operate in the sequence 
specified. 

 
3.03 FIELD QUALITY CONTROL 

 
A. General 

 
1. Demonstrate compliance of the heating, ventilation, and air conditioning control 

system with the contract Documents. Furnish personnel, equipment, 
instrumentation, and supplies necessary to perform calibration and site testing. 
Ensure that tests are performed by competent employees of the DDC system 
installer or the DDC system manufacturer regularly employed in the testing and 
calibration of DDC systems. 
 

 
2. Testing will include the field tests and the performance verification tests. Field 

tests shall demonstrate proper calibration of input and output devices, and the 
operation of specific equipment. Performance verification test shall ensure 
proper execution of the sequence of operation and proper tuning of control 
loops. 

 
3. Obtain approval of the plan for each phase of testing before beginning that 

phase of testing. Give to the University written notification of planned testing at 
least 45 days prior to test. Notification shall be accompanied by the proposed 
test procedures. In no case will the Contractor be allowed to start testing without 
written University approval of test procedures. The test procedures shall consist 
of detailed instructions for complete testing to prove performance of the heating, 
ventilating and air conditioning system and digital control system. 

 
  4. Before scheduling the performance verification. Test, furnish the field test 

Documentation and written certification to the University that the installed 
system has been calibrated, tested, and is ready for the performance verification 
test. Do not start the performance verification test prior to receiving written 
permission from the State. 

 
3.04 TRAINING 

 
A. The controls contractor shall provide the following training services: 

 
1. One (1) day of on-site orientation by a field engineer who is fully knowledgeable 

of the specific installation details of the project. This orientation shall, at a 
minimum, consist of a review of the project as-built drawings, the control system 
software layout and device locations. 

 
2. General: Provide training course schedule, syllabus, and training materials 45 

days prior to the start of training. Conduct training courses for designated 
personnel in the maintenance and operation of the HVAC and DDC system. 
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Orient training to the specific system being installed under this contract. Use 
operation and maintenance manual as the primary instructional aid. Operational 
and maintenance manuals shall be provided for each trainee with four additional 
sets, two sets delivered for archiving at the project site, one set for the 
mechanical contractor, and one set for the University. Training manuals shall 
include an agenda, defined objectives and a detailed description of the subject 
matter for each lesson. Furnish audio-visual equipment and all other training 
materials and supplies. A training day is defined as 8 hours of classroom or lab 
instruction, including two 15 minute breaks and excluding lunch time, Monday 
thru Friday, during the daytime shift in effect at the training facility. For guidance, 
assume the attendees will have a high school education and are familiar with 
HVAC systems. The minimum amount of training for this project shall be 24 
hours. 

 
3. Operator Training: Operator training shall include the detailed review of the 

control installation drawings, points list, and equipment list. The instructor shall 
then walk through the building identifying the location of the control devices 
installed. For each type of systems, the instructor shall demonstrate how the 
system accomplishes the sequence of operation. 

 
4. From the workstation, the operator shall demonstrate the software features of 

the system. As a minimum, the operator demonstrate and explain logging on, 
setting passwords, setting up a schedule, trend, point history, alarm, and 
archiving the database. 

 
  5. Maintenance Training: The system maintenance course shall be taught at the 

project site within one month after the completion of the operators training. The 
course shall last for one 8 hour training day. The course shall include answering 
questions from the last training session, trouble shooting and diagnostics, 
repair, instructions, preventive maintenance procedures and schedules, and 
calibration procedures.  

 
3.05 SEQUENCE OF OPERATION 

 
 A. Sequence of operations shall be as indicated. 
 
3.06 SYSTEMS INTEGRATION DDC SPECIFIC REQUIREMENTS 

 
A. DDC Remote Access: The Direct Digital Control (DDC) system provided shall include 

the capability for multiple users to access the -DDC simultaneously from remote 
locations. Interface shall be to the entire DDC and provide the capability to monitor all 
I/O and adjust parameters. 

 
B. Open Systems Integrator 

 
  1. Chiller Integrator Interface: 
   a. The BAS system shall include appropriate hardware equipment and 

software to allow two way data communications between the BAS 
system and the chiller manufacturer's chiller control panel. 
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   b. It shall be the responsibility of the BAS Contractor to coordinate with the 
chiller manufacturer to provide a functional data communications 
connection. 

   c. All data supported by the air-cooled condensing unit communication 
protocol shall be mapped into the supervisory DDC controller's database 
and shall be displayed on an air-cooled condensing unit data screen at 
the Operator Workstation and shall be transparent to the operator. 

   d. The BAS Contractor shall furnish either the OSP or BACnet 
communications interface as required by the air-cooled condensing unit 
manufacturer. 

   e. The BAS Contractor shall provide all communications and power wiring 
and gateway panel installation for the DDC system. The air-cooled 
condensing unit manufacturer shall provide all hardware for connection 
of the manufacturer's processor. 

 
   f. The BAS Contractor shall provide all hardware and software required for 

the air-cooled condensing unit manufacturer's gateway interface. 
 
  2. VFD Integrator Interface 
   a. The BAS system shall include appropriate hardware equipment and 

software to allow two way data communications between the BAS 
system and the VFD manufacturer's control panel. 

   b. It shall be the responsibility of the BAS Contractor to coordinate with the 
VFD manufacturer to provide a functional data communications 
connection. 

   c. All data supported by the VFD communication protocol shall be mapped 
into the supervisory DDC controller's database and shall be displayed on 
data screens at the Operator Workstation and shall be transparent to the 
Operator Workstation and shall be transparent to the operator. 

   d. The BAS Contractor shall furnish either the OSP or BACnet 
communications interface as required by the VFD manufacturer. 

   e. The BAS Contractor shall provide all communications and power wiring 
and gateway panel installation for the DDC system. The VFD 
manufacturer shall provide all hardware for connection of the 
manufacturer's processor. 

   f. The BAS Contractor shall provide all hardware and software required for 
the VFD manufacturer's gateway interface. 

 
 

END OF SECTION 
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DIVISION 26 – ELECTRICAL 

 

SECTION 16000  
 

ELECTRICAL WORK PROVISIONS 

 

1 – GENERAL 
 

1.01 WORK INCLUDED 
 

A. The Contractor under this Division shall provide all labor, materials, equipment, 
supervision and services required for the construction of the electrical systems.  The 
finished installations shall be complete, operable, and shall include all work 
specified herein and shown on the Drawings. 

 
B. The work shall include complete testing of all equipment and wiring at the 

completion of the work and making any minor connection changes or adjustments 
necessary for the proper functioning of the systems and equipment.  All systems 
shall be properly adjusted and in working order at time of final acceptance. 

 
C. All concrete, steel reinforcement, miscellaneous metal-work, earthwork, painting, 

and grouting shall conform to the applicable requirements of the detailed equipment 
specifications as prescribed in appropriate sections. 

 
D. It is the intent of these Specifications and other Contract Documents to require an 

installation complete in every detail.  The Contractor shall be responsible for minor 
details or for any special construction which may be found necessary to properly 
furnish, install, adjust, test, and place in successful and continuous operation, the 
entire electrical system and the cost of same shall be included in the contract price. 

 

1.02 APPLICABLE PUBLICATIONS 
 

The publications cited within this specification form a part of this specification to the 
extent referenced.  Unless otherwise indicated, the most recent edition of the publication 
with current revisions and amendments will be enforced. 

 

1.03 DEFINITIONS 
 

A. Unless otherwise specified or indicated, electrical and electronics terms used in 
these specifications, and on the drawings, shall be as defined in IEEE 100. 

 
B. The technical sections referred to herein are those specification sections that 

describe products, installation procedures, and equipment operations and that refer 
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to this section for detailed description of submittal types.  
 

 C. The technical paragraphs referred to herein are those paragraphs in PART 2 - 
PRODUCTS and PART 3 - EXECUTION of the technical sections that describe 
products, systems, installation procedures, equipment, and test methods.  

 

1.04 SUBMITTALS 
 

A. Each submittal package shall include a cover sheet with a complete itemized listing 
of the package contents.  Submittals of shop drawings and catalog cuts shall 
include the manufacturer's name, trade name, place of manufacture, catalog model 
or number, nameplate data, size, layout dimensions, capacity, project specification 
and technical paragraph reference.  Submittals shall also include applicable 
federal, military, industry, and technical society publication references, and years of 
satisfactory service, and other information necessary to establish contract 
compliance of each item to be provided.  Photographs of existing installations are 
unacceptable and will be returned without review. 

 
 All shop drawings and other required submittals shall be submitted in electronic 

PDF format. 
 
 Brand names, manufacturer's names and catalog numbers indicate a standard of 

design and quality desired.  Equivalent materials may be used if pre-qualified by 
way of substitution request approval.  Substitution requests shall be made and 
approval received prior to bid opening. 

 
B. Provide submittals for the following equipment: 

 
1. Overcurrent Protective Devices 
 
2. Motors 
 
3. Safety Switches 
 
4. Manual Motor Starter 

 
C. Provide one set of as-built drawings on reproducible media at the conclusion of the 

project. 
 

1.05 QUALITY ASSURANCE 
 

A. Material and Equipment Qualifications:  Provide materials and equipment that are 
products of manufacturers regularly engaged in the production of such products 
which are of equal material, design and workmanship.  Products shall have been in 
satisfactory commercial or industrial use for 2 years prior to bid opening.  The 2-



 

JOB NO. CA-1332-C            HVAC REPAIRS BUILDING 1898 

PN15140009      KALAELOA, HAWAII 

 

___________________________________________________________________________ 

STATE OF HAWAII  ELECTRICAL WORK 

DEPARTMENT OF DEFENSE       16000-3 

year period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on the 
commercial market through advertisements, manufacturers' catalogs, or brochures 
during the 2-year period.  Where two or more items of the same class of equipment 
are required, these items shall be products of a single manufacturer; however, the 
component parts of the item need not be the products of the same manufacturer 
unless stated in the technical section.  

 
B. Regulatory Requirements:  Equipment, materials, installation, and workmanship 

shall be in accordance with the mandatory and advisory provisions of NFPA 70.  
 
C. Modification of References:  In each of the publications referred to herein, consider 

the advisory provisions to be mandatory, as though the word "shall" had been 
substituted for "should" wherever it appears.  Interpret references in these 
publications to the "authority having jurisdiction," or words of similar meaning, to 
mean the County Building Department.  

 

1.06 IDENTIFICATION OF APPARATUS AND MISCELLANEOUS EQUIPMENT 
 

A. All equipment including panelboards, disconnect switches, and all apparatus used 
for the operation or control of power circuits, lighting appliances or other equipment 
shall be properly and permanently identified by means of descriptive engraved 
identification plates. 

 
1. Plates shall be made of 3/32 inch thick laminated black Micarta with white 

core, engraved to core to produce white lettering on black background.  
Lettering to be 1/4 inch minimum size. 

 
2. Disconnect switches, starters, and contactors shall identify the equipment 

being controlled. 
 

1.07 ELECTRICAL REQUIREMENTS 
 
  Electrical installations shall conform to ANSI C2, NFPA 70, and requirements specified 

herein. 
  

A. Motors and Equipment:  Provide electrical components of mechanical equipment, 
such as motors, motor starters, control or push-button stations, float or pressure 
switches, solenoid valves, and other devices functioning to control mechanical 
equipment, including control wiring and conduit for circuits rated 100 volts or less, 
to conform with the requirements of the section covering the mechanical 
equipment.  The interconnecting power wiring and conduit, control wiring rated 120 
volts (nominal) and conduit, and the electrical power circuits shall be provided 
under Division 16.  
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B. Wiring and Conduit:  Provide internal wiring for components of packaged 
equipment as an integral part of the equipment.  Provide power wiring and conduit 
for field-installed equipment under this Section.  Power wiring and conduit shall 
conform to this Section. Control wiring and conduit shall be provided under, and 
conform to the requirements of the section specifying the associated equipment.  

 

1.08 PERMITS AND INSPECTION 
 

A. Obtain and pay for all permits required by local ordinances. 
 

B. After completion of the work, the State shall be furnished a certificate of final 
inspection and approval from the electrical inspection department of local authority 
having jurisdiction. 

 

1.09 WARRANTY 
 

 Installation shall be complete in every detail as specified and ready for use.  Items 
supplied by Contractor developing defects of design, construction, or quality within one 
(1) year of final acceptance by the State shall be replaced by such new materials, 
apparatus or parts to make such defective portion of the complete system conform to 
the true intent and meaning of the Drawings and Specifications at no additional cost to 
the Owner.  

 
The warranty shall be countersigned by the General Contractor. 

 

2 - PRODUCTS  
 

2.01 GENERAL 
 

A. Asbestos Prohibition:  No asbestos containing materials shall be used under this 
section.  The Contractor shall insure that all materials incorporated in the project 
are asbestos-free unless specifically approved in writing by the State. 

 
B. Materials, equipment, and devices shall, as a minimum, meet requirements of UL, 

where UL standards are established for those items, and requirements of NFPA 
70.  

 
C. Brand names, manufacturer's names and catalog numbers indicate standard of 

design and quality required.  Acceptable manufacturers for electrical apparatus 
include General Electric, Siemens, Square D, and Cutler-Hammer.  All apparatus 
supplied shall bear the name of the approved manufacturer on its nameplates.  
Substitute materials may be used if pre-qualified by the State prior to bidding. 

 
D. Electrical equipment and luminaires shall be supplied through the manufacturer's 

designated representative by a local distributor. 
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E. Proof of compliance shall be furnished when shop drawings are submitted. 
 
F. Where two or more similar type items are furnished, all shall be of the same 

manufacture, e.g., safety switches shall be of the same manufacturer unless 
otherwise noted. 

 

2.02 CONDUIT AND FITTINGS  
 

Shall be rigid steel (zinc-coated) conduit, intermediate metal conduit (IMC), electrical 
metallic tubing (EMT), plastic coated rigid steel and IMC conduit, flexible metal conduit, 
and liquid-tight flexible conduit, conforming to the following:  

 
A. Rigid Steel Conduit (Zinc-Coated):  ANSI C80.1, UL 6.  
 
B. Intermediate Metal Conduit (IMC):  UL 1242, zinc-coated steel only.  
 
C. Electrical Metallic Tubing (EMT):  UL 797, ANSI C80.3.  
 
D. Plastic-Coated Rigid Steel and IMC Conduit:  NEMA RN 1, Type 40 (40 mils thick).  
 
E. Flexible Metal Conduit:  UL 1.  
 
F. Liquid-Tight Flexible Metal Conduit, Steel:  UL 360.  
 
G. Fittings for Metal Conduit, EMT, and Flexible Metal Conduit: UL 514B.  Ferrous 

fittings shall be cadmium- or zinc-coated in accordance with UL 514B. 
 

1. Fittings for Rigid Metal Conduit and IMC:  Threaded-type. Split couplings 
unacceptable.  

 
2. Fittings for EMT:  Steel compression type.  

 

2.03 OUTLET BOXES AND COVERS 
 

UL 514A, zinc-coated, if ferrous metal; UL 514C, if nonmetallic.  

 

2.04 CABINETS, JUNCTION BOXES, AND PULL BOXES 
 

Volume greater than 100 cubic inches, UL 50, galvanized, zinc-coated, if sheet steel.  
NEMA 4X as called out on drawings and in exterior locations. 
 

2.05 WIRES AND CABLES 
 
Wires and cables shall meet applicable requirements of NFPA 70 and UL for type of 
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insulation, jacket, and conductor specified or indicated. Wires and cables manufactured 
more than 12 months prior to date of delivery to site shall not be used.  

 
A. Conductors:  Conductors No. 8 AWG and larger diameter shall be stranded.  

Conductors No. 10 AWG and smaller diameter shall be solid, except that 
conductors for remote control, alarm, and signal circuits, classes 1, 2, and 3, shall 
be stranded unless specifically indicated otherwise.  Conductor sizes and 
ampacities shown are based on copper.  All conductors shall be copper. 

 
1. Minimum Conductor Sizes:  Minimum size for branch circuits shall be No. 12 

AWG; for Class 1 remote-control and signal circuits, No. 14 AWG; for Class 2 
low-energy, remote-control and signal circuits, No. 16 AWG; and for Class 3 
low-energy, remote-control, alarm and signal circuits, No. 22 AWG.  

 
B. Color Coding:  Provide for service, feeder, branch, control, and signaling circuit 

conductors.  Conductors to be color coded throughout the project with the same 
color applying to the same phase throughout. 

 
Color codes are as follows for the 208/120 volt, 3 phase, 4 wire system: 

 
A - phase   black 
B - phase   red 
C - phase   blue 
 

   Neutral white; except where neutrals of more than one system are installed in the 
same raceway or box, other neutrals shall be white with colored (not green) stripe 
Equipment Ground green Isolated Ground green with yellow stripe 

 
Color codes are as follows for the 480/277 volt, 3 phase, 4 wire system: 
 

A - phase   brown 
B - phase   orange 
C - phase   yellow 
 
Neutral white; except where neutrals of more than one system are installed in 
the same raceway or box, other neutrals shall be whit with colored (not green) 
stripe 
 
Equipment Ground green 

 
Where these colors cannot be provided in the wire and cable insulation or jacket, 
color coding tape of the designated color shall be continuously applied in sufficient 
quantity to ensure permanency at all switchboards, panelboard, exposed terminals 
of other apparatus, conductor loops and splices. 
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C. Insulation:  Unless specified or indicated otherwise or required by NFPA 70 power 
and lighting wires shall be 600-volt, Type THWN-2, XHHW-2 or RHW-2.  Provide 
only conductors with 90-degree C insulation or better.  

 
D. Bonding Conductors:  ASTM B 1, solid bare copper wire for sizes No. 8 AWG and 

smaller diameter; ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 
AWG and larger diameter.  

 

2.06 SPLICES AND TERMINATION COMPONENTS 
 

UL 486A for wire connectors and UL 510 for insulating tapes.  Connectors for No. 10 
AWG and smaller diameter wires shall be insulated, pressure-type in accordance with 
UL 486A or UL 486C (twist-on splicing connector).  Provide solderless terminal lugs on 
stranded conductors.  

 

2.07 DEVICE PLATES 
 

Provide UL listed, one-piece device plates for outlets to suit the devices installed. For 
exposed metal outlet boxes and devices on unfinished walls, plates shall be of 
zinc-coated sheet steel or cast metal having round or beveled edges.  Plates on finished 
walls shall be satin finish stainless steel unless otherwise indicated on drawings.  
Screws shall be machine-type with countersunk heads in color to match finish of plate.  
Sectional type device plates will not be permitted.  Plates installed in wet locations shall 
be gasketed and UL listed for use in "wet locations" with plug connected in accordance 
with NEC 410-57(b). 

 

2.08 SWITCHES 
 

A. Disconnect (Safety) Switches:  NEMA KS 1.  Provide heavy duty-type switches. 
Fused switches shall utilize Class R fuseholders and fuses, unless indicated 
otherwise.  Switches serving as motor-disconnect means shall be horsepower 
rated.  Provide switches in NEMA 1 enclosures for interior installations and NEMA 
4X enclosures for exterior installations per NEMA ICS 6.  

 

2.09 RECEPTACLES 
 

UL 498 and NEMA WD 1, specification grade, heavy-duty, grounding-type.  Ratings and 
configurations shall be as indicated. Bodies shall be of ivory thermosetting plastic 
supported on a metal mounting strap.  Dimensional requirements shall be per NEMA 
WD 6.  Provide screw-type, side-wired wiring terminals.  Connect grounding pole to 
mounting strap.  

 
A. Weatherproof Receptacles:  Provide in cast metal box with gasketed, weatherproof 

cover plate.  Receptacle shall be UL listed for use in "wet locations with plug in 
use."  
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B. Ground-Fault Circuit Interrupter (GFCI) Receptacles:  UL 943, duplex type for 

mounting in standard outlet box.  Device shall be capable of detecting current leak 
of 6 milliamperes or greater and tripping per requirements of UL 943 for Class A 
GFCI devices.  

 
C. Special Purpose Receptacles:  Provide in ratings indicated.  

 

2.10 CIRCUIT BREAKERS 

 
A. UL 489, bolt-on, thermal magnetic-type having a minimum short-circuit current 

rating equal to the short-circuit current rating of the panelboard in which the circuit 
breaker shall be mounted.  Breaker terminals shall be UL listed as suitable for type 
of conductor provided.  Series rated circuit breakers and plug-in circuit breakers are 
unacceptable.  

 
1. Multipole Breakers:  Provide common trip-type with single operating handle.  

Breaker design shall be such that overload in one pole automatically causes 
all poles to open.   

 
2. Maintain phase sequence throughout each panel so that any three adjacent 

breaker poles are connected to Phases A, B, and C, respectively.  
 

B. Enclosed Circuit Breakers: UL 489.  Individual molded case circuit breakers with 
voltage and continuous current ratings, number of poles, overload trip setting, and 
short circuit current interrupting rating as indicated.  Enclosure type as indicated.  
Provide solid neutral where required.  

  
 C. Where oversized conductors (for voltage drop compensation) or multiple 

conductors cannot be terminated on the standard load terminals of the circuit 
breaker, provide one of the following: 

 
1. A circuit breaker with optional load terminals capable of accepting the quantity 

and size of conductors installed.  Where optional load terminals are not 
available, provide a larger frame size breaker with suitable rating plug capable 
of accepting the quantity and size of conductors installed. 

 
2. Splice oversized or multiple conductors to a single conductor (pigtail) suitable 

for terminating on the standard circuit breaker load terminals.  The ampacity 
of the pigtail conductor shall not be less than the rating of the circuit breaker.  
Splices shall be made in a suitable location in accordance with the NEC. 

 

2.11 FUSES 
 

NEMA FU 1.  Provide one complete set, and one spare set, of fuses for each fusible 
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switch.  Time-current characteristic curves of fuses serving motors or connected in 
series with circuit breakers shall be coordinated for proper operation.  Fuses shall have 
voltage rating not less than circuit voltage.  

 
A. Cartridge Fuses, Current Limiting Type (Class R):  UL 198E, Class RK-1 or RK-5 

time delay-type.  Associated fuseholders shall be Class R only. 
 

2.12 MANUAL MOTOR STARTERS (MOTOR RATED SWITCHES) 
 

Single pole designed for surface mounting with overload protection.  
  

2.13 FIRESTOPPING MATERIALS  
 

Provide firestopping around electrical penetrations through fire rated walls and floors.  
Provide asbestos-free firestopping system capable of maintaining an effective barrier 
against flame and gases.  System shall be UL listed and comply with ASTM E 814.  
Include UL system number UL listed print from manufacturer for each type of floor, wall 
and ceiling penetration. 

 

2.14 HARDWARE, SUPPORTS, BACKING, ETC. 
 

A. Provide all hardware, supports, backing and other accessories necessary to install 
electrical equipment.  Wood materials shall be treated against termite, iron or steel 
materials shall be galvanized for corrosion protection, and non-ferrous materials 
shall be brass or bronze. 

 
B. Bolts, nuts, washers, and screws used for exterior locations shall be stainless steel. 

 

3 - EXECUTION  

 

3.01 GENERAL 
 

A. Cut, break, drill and patch as required to install electrical system.  Repair surfaces 
damaged or marred by notching, drilling or other processes necessary for 
installation of electrical work. Patch damaged surfaces to match the existing 
surface. 

 
B. All wiring and overcurrent devices for equipment furnished by other trades are 

sized for a contemplated equipment size.  If equipment other than contemplated 
and indicated on the plan is provided, the Contractor shall be responsible for 
providing the required wiring, switches, and overcurrent devices at no additional 
cost to the State.  Submit the proposed revisions to the electrical design to the 
State for approval. 

 
C. Coordinate the work with other trades to avoid conflicts with mechanical, structural 
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and architectural elements of this project. 
 
D. Visit the project site prior to bidding to determine nature and extent of demolition 

work required.  The demolition drawings are intended to show the general limits of 
the work and may not show all the existing devices, conduit runs, etc.  Maintain 
existing circuiting to lights, outlets and equipment outside of project area and not 
otherwise shown. 

 
E. Comply with all federal (EPA), State and municipal laws, regulations, ordinances, 

and recommended procedures for handling, storage, packing, transportation and 
disposal of all hazardous materials and wastes. 

 

3.02 JOBSITE CONDITIONS 
 

A. These specifications are accompanied by construction drawings including building 
and site plans of all trades showing locations of all outlets, boxes, switches, service 
runs, feeder runs, devices, and other electrical equipment.  The locations are 
approximate and before installing, study adjacent architectural, civil, structural, and 
mechanical details and make installation in most logical manner.  Any device may 
be relocated within 10-0" before installation at direction of the State without 
additional cost to the Owner. 

 
B. Before installing, verify all dimensions, ratings, overcurrent protection requirements, 

and sizes of equipment. 
 
C. Verify that electrical system may be installed in strict accordance with the original 

design, the Drawings and Specifications and the manufacturer's recommendations. 
 
D. In the event of discrepancy, immediately notify the State.  Do not proceed with 

installation in areas of discrepancy until all such discrepancies have been fully 
resolved. 

 
E. Re-route all existing branch circuits and exposed cabling systems within the ceiling 

space to facilitate the installation of all new and/or relocated equipment.  Field 
verify existing conditions and identify all loads impacted.  Schedule and coordinate 
all power outages with the Owner. 

 

3.03 INSTALLATION 
 

Electrical installations shall conform to requirements of NFPA 70 and to requirements 
specified herein.  
 
A. Wiring Methods:  Provide insulated conductors installed in rigid steel conduit, IMC, 

EMT, except where specifically indicated or specified otherwise or required by 
NFPA 70 to be installed otherwise.  Grounding conductor shall be separate from 
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electrical system neutral conductor.  Provide insulated green equipment grounding 
conductor for circuit(s) installed in conduit and raceways.  Minimum conduit size 
shall be 3/4 inch in diameter for low voltage lighting and power circuits.   

 
1. Restrictions Applicable to EMT: 

 
a. Do not install underground.  
 
b. Do not encase in concrete, mortar, grout, or other cementitious 

materials.  
 
c. Do not use in areas subject to severe physical damage including but not 

limited to equipment rooms where moving or replacing equipment could 
physically damage the EMT.  

 
d. Do not use outdoors.  

 
2. Restrictions Applicable to Flexible Conduit:  Use only as specified in 

paragraph entitled "Flexible Connections."  
 

B. Conduit Installation:  Unless indicated otherwise, conceal conduit under floor slabs 
and within finished walls, ceilings, and floors. Keep conduit minimum 6 inches 
away from parallel runs of flues and steam or hot water pipes. Install conduit 
parallel with or at right angles to ceilings, walls, and structural members where 
located above accessible ceilings and where conduit will be visible after completion 
of project.  Run conduits in crawl space as if exposed. 

 
Install sleeves for cable and raceway penetrations of concrete slabs and wall, 
except where core-drilled holes are used.  Install sleeves for cable and raceway 
penetrations of masonry and fire-rated gypsum walls and of all other fire-rated floor 
and walls assemblies.  Install sleeves during erection of concrete and masonry 
walls. 

 
1. Conduit Support:  Support conduit by pipe straps, wall brackets, hangers, or 

ceiling trapeze.  Size supports for multiple conduits so capacity can be 
increased by a 25% minimum in the future.  In suspended-ceiling 
construction, run conduit above ceiling.  Do not support conduit by ceiling 
support system. Conduit and box systems must be supported independently 
of both (a) tie wires supporting ceiling grid system, and (b) ceiling grid system 
into which ceiling panels are placed.  Supporting means shall not be shared 
between electrical raceways and mechanical piping or ducts. Installation shall 
be coordinated with above-ceiling mechanical systems to assure maximum 
accessibility to all systems.  Where conduit crosses building expansion joints, 
provide suitable expansion fitting that maintains conduit electrical continuity by 
bonding jumpers or other means. Use stainless steel hardware for all exterior 
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mounted conduit supports. 
 
2. Fasteners:  Fasten by wood screws to wood; by hollow wall anchors, toggle 

bolts or threaded drywall anchors in hollow wall construction; by toggle bolts 
or concrete screw anchors on hollow masonry units; by concrete insert-type 
anchors, concrete screw anchors, or expansion-type anchors in concrete or 
brick; and by machine screws, welded threaded studs, or spring-tension 
clamps on steel work.  Spring-steel fasteners may be used for lighting branch 
circuit conduit supports in suspended ceilings in dry locations.  Threaded C-
clamps may be used on rigid steel conduit only.  Do not weld conduits or pipe 
straps to steel structures.  Fasteners shall be medium- or heavy-duty type 
only. Plastic insert-type fasteners are not acceptable. Load applied to 
fasteners shall not exceed one-fourth proof test load.  Fasteners attached to 
concrete ceiling shall be vibration-resistant and shock-resistant.  Holes cut to 
depth of more than 1 1/2 inches in reinforced concrete beams or to depth of 
more than 3/4 inch in concrete joints shall not cut main reinforcing bars.  Fill 
unused holes. 

 
3. Directional Changes in Conduit Runs:  Make changes in direction of runs with 

symmetrical bends or cast-metal fittings.  Make field-made bends and offsets 
with hickey or conduit-bending machine.  Do not install crushed or deformed 
conduits.  Avoid trapped conduits.  Prevent plaster, dirt, or trash from lodging 
in conduits, boxes, fittings, and equipment during construction.  Free clogged 
conduits of obstructions.  

 
4. Locknuts and Bushings:  Fasten conduits to sheet metal boxes and cabinets 

with two locknuts, one inside and one outside the box or enclosure.  Locknuts 
shall have sharp edges for digging into wall of metal enclosures.  Install 
bushings on ends of conduits, and provide insulating type where required by 
NFPA 70.  

 
5. Flexible Connections:  Provide flexible steel conduit between 3 and 6 feet in 

length for recessed and semirecessed lighting fixtures; for equipment subject 
to vibration, noise transmission, or movement; and for motors.  Install flexible 
conduit to allow 20 percent slack.  Minimum flexible steel conduit size shall be 
1/2 inch diameter.  Provide liquid-tight flexible conduit in wet and damp 
locations for equipment subject to vibration, noise transmission, movement or 
motors.  Provide separate ground conductor across flexible connections.  

 
C. Boxes, Outlets, and Supports:  Provide boxes in wiring and raceway systems 

wherever required for pulling of wires, making connections, and mounting of 
devices or fixtures.  Boxes for metallic raceways shall be cast-metal, hub-type 
when located in wet locations, when surface mounted on outside of exterior 
surfaces, and when specifically indicated.  Boxes in other locations shall be sheet 
steel unless otherwise indicated.   Each box shall have volume required by NFPA 
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70 for number of conductors enclosed in box.  Boxes for mounting lighting fixtures 
shall be minimum 4 inches square, or octagonal, except that smaller boxes may be 
installed as required by fixture configurations, as approved.  Boxes for use in 
masonry-block or tile walls shall be square-cornered, tile-type, or standard boxes 
having square-cornered, tile-type covers. Provide gaskets for cast-metal boxes 
installed in wet locations and boxes installed flush with outside of exterior surfaces. 
 Provide separate boxes for flush or recessed fixtures when required by fixture 
terminal operating temperature; fixtures shall be readily removable for access to 
boxes unless ceiling access panels are provided.  Support boxes and pendants for 
surface-mounted fixtures on suspended ceilings independently of ceiling supports, 
or make adequate provisions for distributing load over ceiling support members in 
an approved manner.  Fasten boxes and supports with wood screws on wood; by 
hollow wall anchors, toggle bolts or threaded drywall anchors in hollow wall 
construction; by toggle bolts or concrete screw anchors on hollow masonry units; 
by concrete insert-type anchors, concrete screw anchors, or expansion-type 
anchors in concrete or brick; and with machine screws or welded studs on steel.  In 
open overhead spaces, cast boxes threaded to raceways need not be separately 
supported except where used for fixture support; support sheet metal boxes 
directly from building structure or by bar hangers.  Where bar hangers are used, 
attach bar to raceways on opposite sides of box, and support raceway with 
approved-type fastener maximum 24 inches from box. 

 
1. Boxes:  Boxes for use with raceway systems shall be minimum 1–1/2 inches 

deep, except where shallower boxes required by structural conditions are 
approved.  Boxes for other than lighting fixture outlets shall be minimum 4 
inches square, except that 4- by 2-inch boxes may be used where only one 
raceway enters outlet. 

 
2. Pull Boxes:  Construct to minimum size required by NFPA 70 of code-gauge 

galvanized sheet steel unless otherwise indicated, except where cast-metal 
boxes are required in locations specified herein.  Provide boxes with screw-
fastened covers.  Where several feeders pass through common pull box, tag 
feeders to indicate clearly electrical characteristics, circuit number, and panel 
designation.  

 
D. Mounting Heights:  Mount panelboards, enclosed circuit breakers, motor controller 

and disconnecting switches so height of operating handle at its highest position is 
maximum 78 inches above floor.  Mount lighting switches, receptacles and other 
devices as indicated.  Measure mounting heights of wiring devices and outlets to 
center of device or outlet.  

 
 E. Enclosed Circuit Breaker and Disconnecting Switch Installation: Mount enclosed 

circuit breakers and disconnect switches on walls or independent support structure 
as indicated. Do not mount enclosed circuit breakers or disconnect switches 
directly to equipment enclosures, ductwork, or piping.  
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F. Splices:  Make splices in accessible locations.  Make splices in conductors No. 10 

AWG and smaller diameter with insulated, pressure-type connector.  Make splices 
in conductors No. 8 AWG and larger diameter with solderless connector and cover 
with insulation material equivalent to conductor insulation.  

 
G. Wiring at Outlets:  Install with at least 6 inches of slack conductor at each outlet. 
 
H. Covers and Device Plates:  Install with edges in continuous contact with finished 

wall surfaces without use of mats or similar devices.  Plaster fillings are not 
permitted.  Install plates with alignment tolerance of 1/16 inch.  Provide gasket for 
plates installed in wet locations.  

 
 I. Electrical Penetrations: 
 

1. Seal openings around electrical penetrations (such as conduit penetrations or 
flush mounted equipment enclosures or junction boxes) through fire 
resistance-rated walls, partitions, floors, and ceilings to maintain fire resistive 
integrity.  Utilize 3M CP25 caulk, Putty 303, Type MPP-4S moldable putty 
pads or equivalent material to maintain fire resistive integrity for conduit 
penetrations and flush mounted outlet box installations.  Use other approved 
construction methods for larger enclosures. 

 
2. Make all roof penetrations in the concrete base of mechanical equipment 

pads.  Provide waterproofing collar, flashing, and elastomeric compound to 
seal the penetration. 

 
J. Grounding and Bonding:  In accordance with NFPA 70.  Ground exposed, non-

current-carrying metallic parts of electrical equipment, metallic raceway systems, 
grounding conductor in metallic and nonmetallic raceways, and neutral conductor 
of wiring systems.  Make ground connection as indicated in the drawings. 

 
K. Equipment Connections:  Provide power wiring for the connection of motors and 

control equipment under this section of the specification.  Except as otherwise 
specifically noted or specified, automatic control wiring, control devices, and 
protective devices within the control circuitry are not included in this section of the 
specifications but shall be provided under the section specifying the associated 
equipment.  

 

3.04 EARTHQUAKE BRACING 
 

Provide earthquake bracing for all electrical equipment, apparatus, luminaires and 
raceways.  Bracing shall, as a minimum, comply with the County Building Code. 
 

3.05 MISCELLANEOUS DETAILS 
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A. Workmanship:  Lay out work in advance.  Exercise care where cutting, channeling, 

chasing, or drilling of floors, walls, partitions, ceilings, or other surfaces is 
necessary for proper installation, support, or anchorage of conduit, raceways, or 
other electrical work.  Repair damage to buildings, piping, and equipment using 
skilled craftsmen of trades involved.  

B. Provide necessary foundations, supports, backing, etc., for all raceways and 
equipment.  Attach to wood and steel by screws or bolts.  Attach to concrete by 
expansion anchors.  Powder charge driven studs and anchors shall not be used. 

 
C. Clean all surfaces of enclosures and equipment. 
 
D. Close all unused knockout holes. 
 
E. Continuation of Service:  Maintain continuity of existing circuits serving equipment 

to remain.  Existing circuits serving equipment to remain shall remain energized.  
Circuits which are to remain but were disturbed during work shall have circuit wiring 
and power restored back to original condition.  

 

3.06 PAINTING 
 

A. Wipe clean of dirt, oil, grease, etc., with rag and solvent, prime and finish to match 
surrounding finish.  Do not paint over nameplate.  

B. All surface-mounted boxes, enclosures, and exposed raceways shall be enamel 
painted to match the color of surrounding. 

 
C. Do not field-paint stainless steel circuit breakers, panelboards, and safety switches. 

 

3.07 TESTING 
 

A. Upon completion of this portion of work, and prior to its acceptance by the Owner, 
make all required tests and secure all required approvals from agencies having 
jurisdiction.  Any deficiencies found shall be rectified and work affected by such 
deficiencies shall be completely re-tested at Contractor's expense. Written 
notification of all proposed tests shall be provided to the State a minimum of 14 
days prior to the date of the test. 

 
B. Perform an operational test after completion of the installation in the presence of 

the State, to assure proper operation of all items of work.  Remove all grounds and 
shorts.  Balance feeder loads. 

 
C. Measure resistance of grounding system at service and furnish 3 copies of results 

to the State. 
 
END OF SECTION 
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