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SECTION 00 01 07 – PROFESSIONAL SEALS PAGE 
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 SECTION 21 05 17 - SLEEVES AND SLEEVE SEALS FOR FIRE SUPPRESSION PIPING 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Sleeves. 
2. Sleeve-seal systems. 
3. Grout. 

 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
PART 2 - PRODUCTS 

 
2.1 SLEEVES 

 
A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron 

pressure pipe, with plain ends and integral waterstop unless otherwise indicated. 
 

B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded 
steel collar; zinc coated. 

 
C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 

coated, with plain ends. 
 

D. Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube 
closed with welded longitudinal joint. 

 
2.2 SLEEVE-SEAL SYSTEMS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Advance Products & Systems, Inc. 
2. CALPICO, Inc. 
3. Metraflex Company (The). 
4. Pipeline Seal and Insulator, Inc. 
5. Proco Products, Inc. 

 
B. Description: Modular sealing-element unit, designed for field assembly, for filling annular 

space between piping and sleeve. 

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. 
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Include type and number required for pipe material and size of pipe. 
2. Pressure Plates: Stainless steel. 
3. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure 

plates to sealing elements. 
 
2.3 GROUT 

 
A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, 

hydraulic-cement grout. 
 

B. Characteristics: Nonshrink; recommended for interior and exterior applications.Design Mix: 
5000-psi, 28-day compressive strength. 

 
C. Packaging: Premixed and factory packaged. 

 
PART 3 - EXECUTION 

 
3.1 SLEEVE INSTALLATION 

 
A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls. 

 
B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to 

provide 1-inch annular clear space between piping and concrete slabs and walls. 

1. Sleeves are not required for core-drilled holes. 
 

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new 
slabs and walls are constructed. 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or 
other wet areas 2 inches above finished floor level. 

 
2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal 

system. 
 

D. Install sleeves for pipes passing through interior partitions. 

1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide 1/4-inch annular clear space between 

sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use joint sealants 

appropriate for size, depth, and location of joint. Comply with requirements for sealants 
specified in Section 07 92 00 "Joint Sealants." 

 
E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and 

floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with 
requirements for firestopping specified in Section 07 84 13 "Penetration Firestopping." 

 
3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

 
A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at 
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service piping entries into building. 
 

B. Select type, size, and number of sealing elements required for piping material and size and 
for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, 
assemble sleeve-seal system components, and install in annular space between piping and 
sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and 
make a watertight seal. 

 
3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE 

 
A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Exterior Concrete Walls above Grade: 

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves. 
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves. 

 
2. Exterior Concrete Walls below Grade: 

a. Piping NPS 6 and Larger: Galvanized-steel wall sleeves with sleeve-seal system. 

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system. 

 
3. Concrete Slabs-on-Grade: 

a. Piping NPS 6 and Larger: Galvanized-steel wall sleeves with sleeve-seal system. 

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system. 

4. Concrete Slabs above Grade: 

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves. 
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves. 

 
5. Interior Partitions: 

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves. 
b. Piping NPS 6 and Larger: Galvanized-steel-sheet sleeves. 

 
 
END OF SECTION 21 05 17 
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SECTION 21 05 18 - ESCUTCHEONS FOR FIRE-SUPPRESSION PIPING 

PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

 
1. Escutcheons. 
2. Floor plates. 

 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
PART 2 - PRODUCTS 

 
2.1 ESCUTCHEONS 

 
A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener. 

 
B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated 

finish and spring-clip fasteners. 
 

C. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners. 
 
2.2 FLOOR PLATES 

 
A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors. 

 
B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping 

and with OD that completely covers opening. 
 

1. Escutcheons for New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type. 
b. Chrome-Plated Piping: One-piece, cast-brass type with polished, chrome-plated 

finish. 
c. Insulated Piping: One-piece, stamped-steel type. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, 

cast-brass type with polished, chrome-plated finish. 
e. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, 
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stamped-steel type. 
f. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-brass 

type with polished, chrome-plated finish. 
g. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, stamped-

steel type. 
h. Bare Piping in Unfinished Service Spaces: One-piece, cast-brass type with 

polished, chrome- plated finish. 
i. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type. 
j. Bare Piping in Equipment Rooms: One-piece, cast-brass type with 

polished, chrome-plated finish. 
k. Bare Piping in Equipment Rooms: One-piece, stamped-steel type. 

 
C. Install floor plates for piping penetrations of equipment-room floors. 
D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping 

and with OD that completely covers opening. 
1. New Piping: One-piece, floor-plate type. 

 
3.2 FIELD QUALITY CONTROL 

 
A. Replace broken and damaged escutcheons and floor plates using new materials. 

 
 
END OF SECTION 21 05 18 
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SECTION 21 05 23 - GENERAL-DUTY VALVES FOR WATER-BASED FIRE-SUPPRESSION PIPING 
 
 PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

 
1.2 SUMMARY 

 
A. Section Includes: 

1. Iron butterfly valves with indicators. 
2. Check valves. 
3. Iron OS&Y gate valves. 
4. NRS gate valves. 
5. Indicator posts. 
6. Trim and drain valves. 

 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of valve. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL REQUIREMENTS FOR VALVES 

 
A. UL Listed: Valves shall be listed in UL's "Online Certifications Directory" under the headings listed below and 

shall bear UL mark: 

1. Main Level: HAMV - Fire Main Equipment. 

a. Level 1: HCBZ - Indicator Posts, Gate Valve. 
b. Level 1: HLOT - Valves. 

1) Level 3: HLUG - Ball Valves, System Control. 
2) Level 3: HLXS - Butterfly Valves. 
3) Level 3: HMER - Check Valves. 
4) Level 3: HMRZ - Gate Valves. 

 
2. Main Level: VDGT - Sprinkler System & Water Spray System Devices. 

a. Level 1: VQGU - Valves, Trim and Drain. 
 

B. FM Global Approved: Valves shall be listed in its "Approval Guide," under the headings listed below: 

1. Automated Sprinkler Systems: 

a. Indicator posts. 
b. Valves. 

1) Gate valves. 
2) Check valves. 
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a) Single check valves. 
 

3) Miscellaneous valves. 
 

C. Source Limitations for Valves: Obtain valves for each valve type from single manufacturer. 
 

D. ASME Compliance: 

1. ASME B16.1 for flanges on iron valves. 
2. ASME B1.20.1 for threads for threaded-end valves. 
3. ASME B31.9 for building services piping valves. 

 
E. AWWA Compliance: Comply with AWWA C606 for grooved-end connections. 
F. NFPA Compliance: Comply with NFPA 24 for valves. 

 
G. Valve Pressure Ratings: Not less than the minimum pressure rating indicated or higher as required by 

system pressures. 
 

H. Valve Sizes: Same as upstream piping unless otherwise indicated. 
 

I. Valve Actuator Types: 

1. Worm-gear actuator with handwheel for quarter-turn valves, except for trim and drain valves. 
2. Handwheel: For other than quarter-turn trim and drain valves. 
3. Handlever: For quarter-turn trim and drain valves NPS 2 and smaller. 

 
2.2 IRON BUTTERFLY VALVES WITH INDICATORS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Anvil International. 
2. Kennedy Valve Company; a division of McWane, Inc. 
3. NIBCO INC. 
4. Tyco Fire & Building Products LP. 
5. Victaulic Company. 

 
B. Description: 

1. Standard: UL 1091 and FM Global standard for indicating valves, (butterfly or ball type), Class Number 
112. 

2. Minimum Pressure Rating: 175 psig. 
3. Body Material: Cast or ductile iron polyamide coating. 
4. Seat Material: EPDM. 
5. Stem: Stainless steel. 
6. Disc: Ductile iron, nickel plated. 
7. Actuator: Worm gear or traveling nut. 
8. Supervisory Switch: Internal or external. 
9. Body Design:  Grooved-end connections. 

 
2.3 CHECK VALVES 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Anvil International. 
2. Fire Protection Products, Inc. 
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3. Fivalco Inc. 
4. Kennedy Valve Company; a division of McWane, Inc. 
5. Mueller Co. 
6. NIBCO INC. 
7. Reliable Automatic Sprinkler Co., Inc. (The). 
8. Shurjoint Piping Products. 
9. Tyco Fire & Building Products LP. 
10. United Brass Works, Inc. 
11. Victaulic Company. 
12. Viking Corporation. 
13. Watts; a Watts Water Technologies company. 

 
B. Description: 

1. Standard: UL 312 and FM Global standard for swing check valves, Class Number 1210. 
2. Minimum Pressure Rating: 175 psiga. 
3. Type: Single swing check. 
4. Body Material: Cast iron, ductile iron, or bronze. 
5. Clapper: Bronze, ductile iron, or stainless steel with elastomeric seal. 
6. Clapper Seat: Brass, bronze, or stainless steel. 
7. Hinge Shaft: Bronze or stainless steel. 
8. Hinge Spring: Stainless steel. 
9. End Connections: Flanged, grooved, or threaded. 

2.4 IRON OS&Y GATE VALVES 
 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Kennedy Valve Company; a division of McWane, Inc. 
2. Mueller Co. 
3. NIBCO INC. 
4. Victaulic Company. 
5. Watts; a Watts Water Technologies company. 
6. Zurn Industries, LLC. 

 
B. Description: 

1. Standard: UL 262 and FM Global standard for fire-service water control valves (OS&Y- and NRS-type 
gate valves). 

2. Minimum Pressure Rating: 175 psig. 
3. Body and Bonnet Material: Cast or ductile iron. 
4. Wedge: Cast or ductile iron, or bronze with elastomeric coating. 
5. Wedge Seat: Cast or ductile iron, or bronze with elastomeric coating. 
6. Stem: Brass or bronze. 
7. Packing: Non-asbestos PTFE. 
8. Supervisory Switch: External. 
9. End Connections: Flanged. 

 
2.5 NRS GATE VALVES 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Kennedy Valve Company; a division of McWane, Inc. 
2. Mueller Co. 
3. NIBCO INC. 
4. Victaulic Company. 
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5. Zurn Industries, LLC. 
 

B. Description: 

1. Standard: UL 262 and FM Global standard for fire-service water control valves (OS&Y- and NRS-type 
gate valves). 

2. Minimum Pressure Rating: 175 psig. 
3. Body and Bonnet Material: Cast or ductile iron. 
4. Wedge: Cast or ductile iron with elastomeric coating. 
5. Wedge Seat: Cast or ductile iron, or bronze with elastomeric coating. 
6. Stem: Brass or bronze. 
7. Packing: Non-asbestos PTFE. 
8. Supervisory Switch: External. 
9. End Connections: Flanged. 

 
2.6 INDICATOR POSTS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Kennedy Valve Company; a division of McWane, Inc. 
2. Mueller Co. 
3. NIBCO INC. 

 
B. Description: 

1. Standard: UL 789 and FM Global standard for indicator posts. 
2. Type: Underground. 
3. Base Barrel Material: Cast or ductile iron. 
4. Extension Barrel: Cast or ductile iron. 
5. Cap: Cast or ductile iron. 
6. Operation: Wrench. 

 
2.7 TRIM AND DRAIN VALVES 

 
A. Angle Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

a. Fire Protection Products, Inc. 
b. NIBCO INC. 
c. United Brass Works, Inc. 

 
2. Description: 

a. Pressure Rating: 300 psig. 
b. Body Material: Brass or bronze. 
c. Ends: Threaded. 
d. Stem: Bronze. 
e. Disc: Bronze. 
f. Packing: Asbestos free. 
g. Handwheel: Malleable iron, bronze, or aluminum. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL REQUIREMENTS FOR VALVE INSTALLATION 
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A. Comply with requirements in the following Sections for specific valve installation requirements and 

applications: 

1. Section 21 13 13 "Wet-Pipe Sprinkler Systems" for application of valves in wet-pipe, fire-suppression 
sprinkler systems. 

 
B. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply except 

from fire-department connections. Install permanent identification signs indicating portion of system controlled 
by each valve. 

 
C. Install check valve in each water-supply connection. Install backflow preventers instead of check valves in 

potable-water-supply sources. 
 

D. Install valves having threaded connections with unions at each piece of equipment arranged to allow easy 
access, service, maintenance, and equipment removal without system shutdown. Provide separate support 
where necessary. 

 
E. Install valves in horizontal piping with stem at or above the pipe center. 

 
F. Install valves in position to allow full stem movement. 

 
G. Install valve tags. Comply with requirements in Section 21 05 53 "Identification for Fire-Suppression Piping 

and Equipment" for valve tags and schedules and signs on surfaces concealing valves; and the NFPA 
standard applying to the piping system in which valves are installed. Install permanent identification signs 
indicating the portion of system controlled by each valve. 

 
H. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply except 

from fire-department connections. 
 

I. Install check valve in each water-supply connection. Install backflow preventers instead of check valves in 
potable-water-supply sources. 

 
 

END OF SECTION 21 05 23 





St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00        IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND EQUIPMENT       21 05 53 - 1  

 SECTION 21 05 53 - IDENTIFICATION FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 

 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product. 

 
B. Equipment-Label Schedule: Include a listing of all equipment to be labeled and the 

proposed content for each label. 
 
PART 2 - PRODUCTS 

 
2.1 EQUIPMENT LABELS 

 
A. Metal Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Brady Corporation. 
b. Brimar Industries, Inc. 
c. Carlton Industries, LP. 
d. Champion America. 
e. Craftmark Pipe Markers. 
f. emedco. 
g. Kolbi Pipe Marker Co. 
h. LEM Products Inc. 
i. Marking Services, Inc. 
j. Seton Identification Products. 

 
2. Material and Thickness: Aluminum, 0.032 inch thick, with predrilled holes for attachment 

hardware. 
3. Minimum Label Size: Length and width vary for required label content, but not less 

than 2-1/2 by 3/4 inch. 
4. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger 
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 
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5. Fasteners: Stainless-steel self-tapping screws. 
6. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
B. Plastic Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Brady Corporation. 
b. Brimar Industries, Inc. 
c. Carlton Industries, LP. 
d. Champion America. 
e. Craftmark Pipe Markers. 
f. emedco. 
g. Kolbi Pipe Marker Co. 
h. LEM Products Inc. 
i. Marking Services, Inc. 
j. Seton Identification Products. 

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 
1/8 inch thick, with predrilled holes for attachment hardware. 

3. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
4. Minimum Label Size: Length and width vary for required label content, but not less 

than 2-1/2 by 3/4 inch. 
5. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger 
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

6. Fasteners: Stainless-steel self-tapping screws. 
7. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
C. Label Content: Include equipment's Drawing designation or unique equipment number, 

Drawing numbers where equipment is indicated (plans, details, and schedules), and the 
Specification Section number and title where equipment is specified. 

 
D. Equipment-Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch 

bond paper. Tabulate equipment identification number and identify Drawing numbers where 
equipment is indicated (plans, details, and schedules) and the Specification Section number 
and title where equipment is specified. Equipment schedule shall be included in operation 
and maintenance data. 

 
2.2 WARNING SIGNS AND LABELS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Brady Corporation. 
2. Brimar Industries, Inc. 
3. Carlton Industries, LP. 
4. Champion America. 
5. Craftmark Pipe Markers. 
6. emedco. 
7. LEM Products Inc. 
8. Marking Sevices Inc. 
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9. National Marker Company. 
10. Seton Identification Products. 
11. Stranco, Inc. 

 
B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 

inch thick, with predrilled holes for attachment hardware. 
 

C. Letter Color: Black. 
 

D. Background Color: White. 
 

E. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
 

F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 
by 3/4 inch. 

 
G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 

inch for viewing distances up to 72 inches, and proportionately larger lettering for greater 
viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal 
lettering. 

 
H. Fasteners: Stainless-steel self-tapping screws. 

 
I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
J. Label Content: Include caution and warning information, plus emergency notification 

instructions. 
 
2.3 PIPE LABELS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc. 
2. Brady Corporation. 
3. Brimar Industries, Inc. 
4. Carlton Industries, LP. 
5. Champion America. 
6. Craftmark Pipe Markers. 
7. emedco. 
8. Kolbi Pipe Marker Co. 
9. LEM Products Inc. 
10. Marking Sevices Inc. 
11. Seton Identification Products. 

 
B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering 

indicating service and showing flow direction. 
 

C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

 
D. Self-adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing. 
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E. Pipe-Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows: Integral with piping-system service lettering to accommodate 
both directions or as separate unit on each pipe label to indicate flow direction. 

2. Lettering Size: At least 1/2 inch for viewing distances up to 72 inches and 
proportionately larger lettering for greater viewing distances. 

 
PART 3 - EXECUTION 

 
3.1 PREPARATION 

 
A. Clean piping and equipment surfaces of incompatible primers, paints, and encapsulants, as 

well as dirt, oil, grease, release agents, and other substances that could impair bond of 
identification devices. 

 
3.2 LABEL INSTALLATION REQUIREMENTS 

 
A. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be installed. 
 

B. Coordinate installation of identifying devices with locations of access panels and doors. 
 

C. Install or permanently fasten labels on each major item of mechanical equipment. 
 

D. Locate equipment labels where accessible and visible. 
 
 

E. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible 
ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, 
tunnels, and plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 
2. Near each branch connection excluding short takeoffs. Where flow pattern is not 

obvious, mark each pipe at branch. 
3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible 

enclosures. 
4. At access doors, manholes, and similar access points that permit a view of concealed 

piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 

feet in areas of congested piping and equipment. 
7. On piping above removable acoustical ceilings. Omit intermediately spaced labels. 

 
 
END OF SECTION 21 05 53 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                WET-PIPE SPRINKLER SYSTEMS 21 13 13 - 1  

SECTION 21 13 13 - WET-PIPE SPRINKLER SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Pipes, fittings, and specialties. 
2. Specialty valves. 
3. Sprinklers. 
4. Pressure gages. 

 
B. Related Requirements: 

1. Section 21 05 23 General-Duty Valves for Water-Based Fire-Suppression Piping for 
ball, butterfly, check, gate, post-indicator, and trim and drain valves. 

 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product. 

 
B. Shop Drawings: For wet-pipe sprinkler systems. 

1. Include plans, elevations, sections, and attachment details. 
2. Include diagrams for power, signal, and control wiring. 

 
C. Delegated-Design Submittal: For wet-pipe sprinkler systems indicated to comply with 

performance requirements and design criteria, including analysis data by the qualified 
professional engineer responsible for their preparation. 

 
D. Complete fire sprinkler drawings including piping runs, details, and calculations shall be 

submitted for review to the Florida Department of Education in accordance with section 
4.3(8)(b)2.1, SREF manual. 

 
1.4 INFORMATIONAL SUBMITTALS 

 
A. Coordination Drawings: Sprinkler systems, drawn to scale, on which items of other systems 

and equipment are shown and coordinated with each other, using input from installers of 
the items involved. 

 
B. Approved Sprinkler Piping Drawings: Working plans, prepared according to NFPA 

13, that have been approved by authorities having jurisdiction, including hydraulic 
calculations if applicable. 

 
C. Field Test Reports and Certificates: Indicate and interpret test results for compliance 

with performance requirements and as described in NFPA 13. Include "Contractor's 
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Material and Test Certificate for Aboveground Piping." 
 

D. Field quality-control reports. 
 
1.5 CLOSEOUT SUBMITTALS 

 
A. Operation and maintenance data. 

 
1.6 QUALITY ASSURANCE 

 
A. Installer Qualifications: 

a. Installer's responsibilities include designing, fabricating, and installing sprinkler 
systems and providing professional engineering services needed to assume 
engineering responsibility. Base calculations on results of fire-hydrant flow test.  

b. Engineering Responsibility: Preparation of working plans, calculations, and field 
test reports by a qualified professional engineer. 

 
PART 2 - PRODUCTS 

 
2.1 PERFORMANCE REQUIREMENTS 

 
A. Sprinkler system equipment, specialties, accessories, installation, and testing shall 

comply with the following: 

1. NFPA 13. 
 

B. Standard-Pressure Piping System Component: Listed for 175-psig minimum working pressure. 
 

C. Delegated Design: Engage a qualified professional engineer, as defined in Section 
01 40 00 "Quality Requirements," to design wet-pipe sprinkler systems. 

1. Available fire-hydrant flow test records indicate the following conditions: 

a. See drawings. 
 

2. Sprinkler system design shall be approved by authorities having jurisdiction. 

a. Margin of Safety for Available Water Flow and Pressure: 10 percent, 
including losses through water-service piping, valves, and backflow 
preventers. 

b. Sprinkler Occupancy Hazard Classifications: 

1) Building Service Areas: Ordinary Hazard, Group 1. 
2) Electrical Equipment Rooms: Ordinary Hazard, Group 1. 
3) General Storage Areas: Ordinary Hazard, Group 1. 
4) Mechanical Equipment Rooms: Ordinary Hazard, Group 1. 
5) Office and Public Areas: Light Hazard. 

 
3. Minimum Density for Automatic-Sprinkler Piping Design: 

a. Light-Hazard Occupancy: 0.10 gpm over 1500-sq. ft. area. 
b. Ordinary-Hazard, Group 1 Occupancy: 0.15 gpm over 1500-sq. ft. area. 
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c. Ordinary-Hazard, Group 2 Occupancy: 0.20 gpm over 1500-sq. ft. area. 
 

4. Maximum Protection Area per Sprinkler: According to UL listing. 
5. Maximum Protection Area per Sprinkler: 

a. Office Spaces: 225 sq. ft. 
b. Storage Areas: 130 sq. ft. 
c. Mechanical Equipment Rooms: 130 sq. ft. 
d. Electrical Equipment Rooms: 130 sq. ft. 
e. Other Areas: According to NFPA 13 recommendations unless otherwise 

indicated. 
f. See drawings for extended coverage sprinkler head requirements. 

 
2.2 STEEL PIPE AND FITTINGS 

 
A. Standard-Weight, Black-Steel Pipe: ASTM A 53/A 53M, Type E, Grade B. Pipe ends may 

be factory or field formed to match joining method. 
 

B. Thinwall Black-Steel Pipe: Not acceptable. 
 

C. Schedule 10, Black-Steel Pipe: ASTM A 135/A 135M or ASTM A 795/A 795M, 
Schedule 10 in NPS 5 and smaller; and NFPA 13-specified wall thickness in NPS 6 to 
NPS 10, plain end. 

 
D. Black-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, standard-weight, 

seamless steel pipe with threaded ends. 
 

E. Uncoated-Steel Couplings: ASTM A 865/A 865M, threaded. 
 

F. Uncoated, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern. 
 

G. Malleable- or Ductile-Iron Unions: UL 860. 
 

H. Cast-Iron Flanges: ASME 16.1, Class 125. 

I. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150. 

1. Pipe-Flange Gasket Materials: EPDM rubber gasket. 

a. Class 125 and Class 250, Cast-Iron, Flat-Face Flanges: Full-face gaskets. 
b. Class 150 and Class 300, Ductile-Iron or -Steel, Raised-Face Flanges: Ring-type 

gaskets. 
 

J. Grooved-Joint, Steel-Pipe Appurtenances: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Anvil International. 
b. Shurjoint Piping Products. 
c. Tyco Fire & Building Products LP. 
d. Victaulic Company. 
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2. Pressure Rating: 175-psig minimum. 
3. Painted Grooved-End Fittings for Steel Piping: ASTM A 47/A 47M, 

malleable-iron casting or ASTM A 536, ductile-iron casting, with 
dimensions matching steel pipe. 

4. Grooved-End-Pipe Couplings for Steel Piping: AWWA C606 and UL 213 rigid pattern, 
unless otherwise indicated, for steel-pipe dimensions. Include ferrous housing 
sections, EPDM-rubber gasket, and bolts and nuts. 

 
2.3 SPECIALTY VALVES 

 
A. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide." 

 
B. Specialty Valves Pressure Rating: 175-psig minimum. 

 
C. Body Material: Cast or ductile iron. 

 
D. Size: Same as connected piping. 

 
E. End Connections: Flanged or grooved. 

 
F. Alarm Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Reliable Automatic Sprinkler Co., Inc. (The). 
b. Tyco Fire & Building Products LP. 
c. Viking Corporation. 

 
2. Standard: UL 193. 
3. Design: For horizontal or vertical installation. 
4. Include trim sets for bypass, drain, electrical sprinkler alarm switch, pressure 

gages, and fill-line attachment with strainer. 
5. Drip Cup Assembly: Pipe drain without valves and separate from main drain piping. 
6. Drip Cup Assembly: Pipe drain with check valve to main drain piping. 

 
G. Automatic (Ball Drip) Drain Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Reliable Automatic Sprinkler Co., Inc. (The). 
b. Tyco Fire & Building Products LP. 

 
2. Standard: UL 1726. 
3. Pressure Rating: 175-psig minimum. 
4. Type: Automatic draining, ball check. 
5. Size: NPS 3/4. 
6. End Connections: Threaded. 

 
2.4 SPRINKLER PIPING SPECIALTIES 

 
A. Branch Outlet Fittings: 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Anvil International. 
b. Shurjoint Piping Products. 
c. Tyco Fire & Building Products LP. 
d. Victaulic Company. 

2. Standard: UL 213. 
3. Pressure Rating: 175-psig minimum. 
4. Body Material: Ductile-iron housing with EPDM seals and bolts and nuts. 
5. Type: Mechanical-tee and -cross fittings. 
6. Configurations: Snap-on and strapless, ductile-iron housing with branch outlets. 
7. Size: Of dimension to fit onto sprinkler main and with outlet connections as 

required to match connected branch piping. 
8. Branch Outlets: Grooved, plain-end pipe, or threaded. 

 
B. Flow Detection and Test Assemblies: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. AGF Manufacturing Inc. 
b. Reliable Automatic Sprinkler Co., Inc. (The). 
c. Tyco Fire & Building Products LP. 
d. Victaulic Company. 

 
2. Standard: UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide." 
3. Pressure Rating: 175-psig minimum. 
4. Body Material: Cast- or ductile-iron housing with orifice, sight glass, and integral test 

valve. 
5. Size: Same as connected piping. 
6. Inlet and Outlet: Threaded or grooved. 

 
C. Branch Line Testers: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Elkhart Brass Mfg. Co., Inc. 
b. Fire-End & Croker Corporation. 
c. Potter Roemer LLC. 

 
2. Standard: UL 199. 
3. Pressure Rating: 175 psig. 
4. Body Material: Brass. 
5. Size: Same as connected piping. 
6. Inlet: Threaded. 
7. Drain Outlet: Threaded and capped. 
8. Branch Outlet: Threaded, for sprinkler. 

 
D. Sprinkler Inspector's Test Fittings: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

http://www.specagent.com/Lookup?ulid=1466
http://www.specagent.com/Lookup?ulid=1466
http://www.specagent.com/Lookup?uid=123457039081
http://www.specagent.com/Lookup?uid=123457039081
http://www.specagent.com/Lookup?uid=123457039083
http://www.specagent.com/Lookup?uid=123457039083
http://www.specagent.com/Lookup?uid=123457039084
http://www.specagent.com/Lookup?uid=123457039084
http://www.specagent.com/Lookup?uid=123457039085
http://www.specagent.com/Lookup?uid=123457039085
http://www.specagent.com/Lookup?ulid=1467
http://www.specagent.com/Lookup?ulid=1467
http://www.specagent.com/Lookup?uid=123457039088
http://www.specagent.com/Lookup?uid=123457039088
http://www.specagent.com/Lookup?uid=123457039087
http://www.specagent.com/Lookup?uid=123457039087
http://www.specagent.com/Lookup?uid=123457039089
http://www.specagent.com/Lookup?uid=123457039089
http://www.specagent.com/Lookup?uid=123457039090
http://www.specagent.com/Lookup?uid=123457039090
http://www.specagent.com/Lookup?ulid=1468
http://www.specagent.com/Lookup?ulid=1468
http://www.specagent.com/Lookup?uid=123457039093
http://www.specagent.com/Lookup?uid=123457039093
http://www.specagent.com/Lookup?uid=123457039092
http://www.specagent.com/Lookup?uid=123457039092
http://www.specagent.com/Lookup?uid=123457039094
http://www.specagent.com/Lookup?uid=123457039094
http://www.specagent.com/Lookup?ulid=1469
http://www.specagent.com/Lookup?ulid=1469


St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                WET-PIPE SPRINKLER SYSTEMS 21 13 13 - 6  

following: 

a. AGF Manufacturing Inc. 
b. Tyco Fire & Building Products LP. 
c. Victaulic Company. 
d. Viking Corporation. 

 
2. Standard: UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide." 
3. Pressure Rating: 175-psig minimum. 
4. Body Material: Cast- or ductile-iron housing with sight glass. 
5. Size: Same as connected piping. 
6. Inlet and Outlet: Threaded. 

 
E. Adjustable Drop Nipples: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Aegis Technologies, Inc. 
b. CECA, LLC. 
c. Corcoran Piping System Co. 
d. Merit Manufacturing. 

 
2. Standard: UL 1474. 
3. Pressure Rating: 250-psig minimum. 
4. Body Material: Steel pipe with EPDM-rubber O-ring seals. 
5. Size: Same as connected piping. 
6. Length: Adjustable. 
7. Inlet and Outlet: Threaded. 

F. Flexible Sprinkler Hose Fittings: 

1. Standard: UL 1474. 
2. Type: Flexible hose for connection to sprinkler, and with bracket for connection to ceiling 

grid. 
3. Pressure Rating: 300 psig. 
4. Size: Same as connected piping, for sprinkler. 

 
2.5 SPRINKLERS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Reliable Automatic Sprinkler Co., Inc. (The). 
2. Tyco Fire & Building Products LP. 
3. Viking Corporation. 

 
B. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide." 

 
C. Pressure Rating for Automatic Sprinklers: 175-psig minimum. 

 
D. Automatic Sprinklers with Heat-Responsive Element: 

1. Applications: UL 199. 

http://www.specagent.com/Lookup?uid=123457039096
http://www.specagent.com/Lookup?uid=123457039098
http://www.specagent.com/Lookup?uid=123457039098
http://www.specagent.com/Lookup?uid=123457039100
http://www.specagent.com/Lookup?uid=123457039100
http://www.specagent.com/Lookup?uid=123457039099
http://www.specagent.com/Lookup?uid=123457039099
http://www.specagent.com/Lookup?ulid=1470
http://www.specagent.com/Lookup?ulid=1470
http://www.specagent.com/Lookup?uid=123457039064
http://www.specagent.com/Lookup?uid=123457039064
http://www.specagent.com/Lookup?uid=123457039060
http://www.specagent.com/Lookup?uid=123457039060
http://www.specagent.com/Lookup?uid=123457039061
http://www.specagent.com/Lookup?uid=123457039061
http://www.specagent.com/Lookup?uid=123457039062
http://www.specagent.com/Lookup?uid=123457039062
http://www.specagent.com/Lookup?ulid=1473
http://www.specagent.com/Lookup?ulid=1473
http://www.specagent.com/Lookup?uid=123457039112
http://www.specagent.com/Lookup?uid=123457039112
http://www.specagent.com/Lookup?uid=123457039113
http://www.specagent.com/Lookup?uid=123457039113
http://www.specagent.com/Lookup?uid=123457039110
http://www.specagent.com/Lookup?uid=123457039110
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2. Characteristics: Nominal 1/2-inch orifice with Discharge Coefficient K of 5.6, 
and for "Ordinary" temperature classification rating unless otherwise indicated 
or required by application. 

 
E. Sprinkler Finishes: See drawings. 

 
F. Sprinkler Escutcheons: Materials, types, and finishes for the following sprinkler 

mounting applications. Escutcheons for concealed, flush, and recessed-type sprinklers 
are specified with sprinklers. 

1. Ceiling Mounting: See drawings. 
2. Sidewall Mounting: See drawings. 
3. Escutcheons are to be from the same manufacturer as the sprinklers installed and 

shall be made to fit the sprinklers being installed. No mixing of product manufacturers 
shall be allowed. 

 
G. Sprinkler Guards: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Reliable Automatic Sprinkler Co., Inc. (The). 
b. Tyco Fire & Building Products LP. 
c. Viking Corporation. 
d. Sprinkler guards shall be from the same manufacturer as the sprinklers installed 

and shall be made to fit the sprinklers being installed. No mixing of product 
manufacturers shall be allowed. 

 
2. Standard: UL 199. 
3. Type: Wire cage with fastening device for attaching to sprinkler. 

 
2.6 PRESSURE GAGES 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. AGF Manufacturing Inc. 
2. AMETEK, Inc. 
3. Ashcroft Inc. 
4. Brecco Corporation. 
5. WIKA Instrument Corporation. 

 
B. Standard: UL 393. 

 
C. Dial Size: 3-1/2- to 4-1/2-inch diameter. 

 
D. Pressure Gage Range: 0- to 250-psig minimum. 

 
E. Label: Include "WATER" label on dial face. 

PART 3 - EXECUTION 
 
3.1 WATER-SUPPLY CONNECTIONS 

http://www.specagent.com/Lookup?ulid=1474
http://www.specagent.com/Lookup?ulid=1474
http://www.specagent.com/Lookup?uid=123457039116
http://www.specagent.com/Lookup?uid=123457039116
http://www.specagent.com/Lookup?uid=123457039117
http://www.specagent.com/Lookup?uid=123457039117
http://www.specagent.com/Lookup?uid=123457039115
http://www.specagent.com/Lookup?uid=123457039115
http://www.specagent.com/Lookup?ulid=1485
http://www.specagent.com/Lookup?ulid=1485
http://www.specagent.com/Lookup?uid=123457039070
http://www.specagent.com/Lookup?uid=123457039070
http://www.specagent.com/Lookup?uid=123457039068
http://www.specagent.com/Lookup?uid=123457039068
http://www.specagent.com/Lookup?uid=123457039065
http://www.specagent.com/Lookup?uid=123457039065
http://www.specagent.com/Lookup?uid=123457039066
http://www.specagent.com/Lookup?uid=123457039066
http://www.specagent.com/Lookup?uid=123457039067
http://www.specagent.com/Lookup?uid=123457039067
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A. Install shutoff valve, backflow preventer, pressure gage, drain, and other accessories 

indicated at connection to water-distribution piping. Comply with requirements for backflow 
preventers in Section 22 05 23 - Valves, Cocks and Specialties For Plumbing Systems. 

 
3.2 PIPING INSTALLATION 

 
A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate 

general location and arrangement of piping. Install piping as indicated on approved 
working plans. 

1. Deviations from approved working plans for piping require written approval from 
authorities having jurisdiction. File written approval with Architect before deviating 
from approved working plans. 

2. Coordinate layout and installation of sprinklers with other construction that 
penetrates ceilings, including light fixtures, HVAC equipment, and partition 
assemblies. 

 
B. Piping Standard: Comply with NFPA 13 requirements for installation of sprinkler piping. 

 
C. Use listed fittings to make changes in direction, branch takeoffs from mains, and reductions in 

pipe sizes. 
 

D. Install unions adjacent to each valve in pipes NPS 2 and smaller. 
 

E. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, 
and equipment having NPS 2-1/2 and larger end connections. 

 
F. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve, 

and sized and located according to NFPA 13. 
 

G. Install sprinkler piping with drains for complete system drainage. 
 

H. Install sprinkler control valves, test assemblies, and drain risers adjacent to standpipes when 
sprinkler piping is connected to standpipes. 

 
I. Install automatic (ball drip) drain valve at each check valve for fire-department connection, 

to drain piping between fire-department connection and check valve. Install drain piping to 
and spill over floor drain or to outside building. 

 
J. Install alarm devices in piping systems. 

 
K. Install hangers and supports for sprinkler system piping according to NFPA 13. Comply with 

requirements for hanger materials in NFPA 13. 
 

L. Install pressure gages on riser or feed main, at each sprinkler test connection, and at top of 
each standpipe. Include pressure gages with connection not less than NPS 1/4 and with 
soft-metal seated globe valve, arranged for draining pipe between gage and valve. Install 
gages to permit removal, and install where they are not subject to freezing. 

 
M. Fill sprinkler system piping with water. 

 
N. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with 
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requirements for sleeves specified in Section 21 05 17 "Sleeves and Sleeve Seals for 
Fire-Suppression Piping." 

 
O. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 

requirements for sleeve seals specified in Section 21 05 17 "Sleeves and Sleeve Seals for 
Fire-Suppression Piping." 

 
P. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 

requirements for escutcheons specified in Section 21 05 18 "Escutcheons for Fire-
Suppression Piping." 

3.3 JOINT CONSTRUCTION 
 

A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings 
that have finish and pressure ratings same as or higher than system's pressure rating for 
aboveground applications unless otherwise indicated. 

 
B. Install unions adjacent to each valve in pipes NPS 2 and smaller. 

 
C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, 

and equipment having NPS 2-1/2 and larger end connections. 
 

D. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 
 

E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before 
assembly. 

 
F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for 

water service. Join flanges with gasket and bolts according to ASME B31.9. 
 

G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut 
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and 
restore full ID. Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads. 
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 

damaged. 
 

H. Steel-Piping, Roll-Grooved Joints: Roll rounded-edge groove in end of pipe according 
to AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join 
steel pipe and grooved-end fittings according to AWWA C606 for steel-pipe grooved 
joints. 

 
I. Extruded-Tee Connections: Form tee in copper tube according to ASTM F 2014. Use tool 

designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form seating 
stop, and braze branch tube into collar. 

 
J. Dissimilar-Material Piping Joints: Make joints using adapters compatible with 

materials of both piping systems. 
 
3.4 VALVE AND SPECIALTIES INSTALLATION 

 
A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, 
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and specialties according to NFPA 13 and authorities having jurisdiction. 
 

B. Install listed fire-protection shutoff valves supervised open, located to control sources of water 
supply except from fire-department connections. Install permanent identification signs 
indicating portion of system controlled by each valve. 

 
C. Install check valve in each water-supply connection. Install backflow preventers instead of 

check valves in potable-water-supply sources. 
 

D. Specialty Valves: 

1. Install valves in vertical position for proper direction of flow, in main supply to system. 
2. Install alarm valves with bypass check valve and retarding chamber drain-line 

connection. 
 
3.5 SPRINKLER INSTALLATION 

 
A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels. 

 
B. Install sprinklers into flexible, sprinkler hose fittings, and install hose into bracket on ceiling grid. 

 
3.6 IDENTIFICATION 

 
A. Install labeling and pipe markers on equipment and piping according to requirements in NFPA 

13. 
B. Identify system components, wiring, cabling, and terminals.  
C. Comply with requirements for identification specified in Section 26 05 53 "Identification 

for Electrical Systems." 
 
3.7 FIELD QUALITY CONTROL 

 
A. Perform the following tests and inspections: 

1. Leak Test: Contractor is to ensure that the GC, Owner and Architect are notified prior 
to testing and that test will not damage any other systems, finishes or components in 
the building. The Fire Sprinkler contractor is to protect electrical components, data 
systems, communications systems, data closets and electrical closets from possible 
damage due to leaks during testing. After installation, charge systems on house 
pressure and test for leaks. Repair leaks and retest until no leaks exist. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 

3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems Acceptance" 
Chapter. 

4. Energize circuits to electrical equipment and devices. 
5. Coordinate with fire-alarm tests. Operate as required. 
6. Verify that equipment hose threads are same as local fire department equipment. 

 
B. Sprinkler piping system will be considered defective if it does not pass tests and inspections. 

 
C. Prepare test and inspection reports. 

 
3.8 CLEANING 
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A. Clean dirt and debris from sprinklers. 

 
B. Only sprinklers with their original factory finish are acceptable. Remove and replace any 

sprinklers that are painted or have any other finish than their original factory finish. 
 
3.9 PIPING SCHEDULE 

 
A. Piping between Fire Department Connections and Check Valves: Galvanized, standard-

weight steel pipe with grooved ends, grooved-end fittings, grooved-end-pipe couplings, and 
grooved joints. 

 
B. Sprinkler specialty fittings may be used, downstream of control valves, instead of specified 

fittings. 
 

C. Standard-pressure, wet-pipe sprinkler system, NPS 2 and smaller, shall be one of the 
following: 

1. Schedule 40, black-steel pipe with threaded ends; uncoated, gray-iron threaded 
fittings; and threaded joints. 

2. Schedule 40, black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

3. Schedule 10 black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

 
D. Standard-pressure, wet-pipe sprinkler system, NPS 2-1/2 to NPS 4, shall be one of the 

following: 

1. Schedule 40, black-steel pipe with threaded ends; uncoated, gray-iron threaded 
fittings; and threaded joints. 

2. Schedule 40, black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

3. Schedule 10 black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

 
E. Standard-pressure, wet-pipe sprinkler system, 6" pipe size, shall be one of the following: 

1. Schedule 40, black-steel pipe with threaded ends; uncoated, gray-iron threaded 
fittings; and threaded joints. 

2. Schedule 40, black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

3. Schedule 10 black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings 
for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints. 

 
3.10 SPRINKLER SCHEDULE 

 
A. Use sprinkler types in subparagraphs below for the following applications: 

1. Rooms without Ceilings: See drawings. 
2. Rooms with Suspended Ceilings: See drawings. 
3. Wall Mounting: Sidewall sprinklers. See drawings. 
4. Special Applications: Extended-coverage, flow-control, and quick-response sprinklers 

where indicated. See drawings. 
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B. Provide sprinkler types in subparagraphs below with finishes indicated. 

1. Concealed Sprinklers: See drawings. 
2. Flush Sprinklers: See drawings. 
3. Recessed Sprinklers: See drawings. 
4. Upright, Pendent, and Sidewall Sprinklers: See drawings. 

 
 
END OF SECTION 21 13 13 
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SECTION 22 05 23 - VALVES, COCKS AND SPECIALTIES FOR PLUMBING SYSTEMS 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 
Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Furnish and install valves, cocks and specialties as indicated on drawings or specified herein. 

 
B. Valves, cocks and specialties may not be indicated in every instance on the drawings, but whether or not 

shown, all valves, cocks and check valves necessary to the proper operation of the system shall be furnished 
and installed by subcontractor in an approved manner and location. Pressure ratings given for valves are 
steam working pressure. Valves shall have rising stems except in locations where space is limited; in these 
locations non-rising stem valves of equal material and pressure class will be accepted. 

 
C. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 

1.3 RELATION TO OTHER WORK 
 

A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 
Division 22 and to all other applicable portions of the Drawings and Specifications. 

 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file 
shall be provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 WATER MAIN VALVES 

 
A. Water main valves are to be AWWA approved, gate valve, double disc, iron body, bronze trim, non-rising 

stem, flanged end, with 2" square wrench nut. Valve boxes are to be cast iron adjustable type for top flush 
with ground surface. Furnish a box for each underground valve shown on drawings. 

 
Valves Valve Boxes 
Mueller No. A2380-6 Alabama Pipe Co. 
E2602 Stockham Fig. G-745 James B. Clow 
F2450 Crane No. 462 Mueller H10360 

 
2.2 BALL VALVES 

 
A. 2-1/2- inches and smaller: Threaded or soldered ends, port area equal to or greater than connecting pipe 

diameter, class 125, two piece bronze body, bronze ball, bronze stem, teflon seat and seals. Acceptable 
manufacturers: Crane, Hammond, Jamesbury, Nibco, Stockham, and Walworth. 

 
2.3 LAWN FAUCETS 
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A. Lawn Faucets to be rough nickel plate, lock shield compression stop with removable handle, solid flange, 
female connection, with 3/4 inch male threaded hose end with anti-syphon device. 

 
 1/2" Inlet 3/4" Inlet 
Mueller Co. H-8297 H-8297 
Hammond 1000 1000 
Chicago Faucet 293 387 

,OR. 
 

B. Lawn Faucets shall be as scheduled on the drawings. 
 

2.4 GATE VALVES (THREADED) 
 

A. 3" and smaller threaded valves and 4" and smaller solder pattern valves, rising stem, iron wheel, rough brass 
body, solid wedge disc, screwed or union bonnet and finished gland nut - 150 psi class. 

 
Threaded Pattern Soldered Pattern 
Crane 431 - - - 
Powell 514S 1842S 
Walworth 56 - - - 
Lunkenheimer 2151 3150 
Stockham B-122 B-124 

 
2.5 GATE VALVES (FLANGED) 

 
A. 3-1/2" and larger; except for solder valves as noted above shall be flanged type with cast iron body, brass 

trim, brass seats, rising stem and iron wheel - 125 psi class. 
 

Flanged Pattern 
Crane 465-1/2 
Powell 1793 
Walworth 726F 
Lunkenheimer 1430 
Stockham G-623 
or approved equivalent 

 
2.6 CHECK VALVES (SWING) 

 
A. Check valves 3" and smaller shall have a pressure rating of not less than 200 psi threaded pattern and 125 

psi solder pattern, wye pattern swing check with rough brass body, finished gland nut and regrinding bronze 
disc. 

 
B. Check valves larger than 3" shall be flanged pattern, 125 psi iron body swing check with renewable brass 

seat, disc and trim. Check valves on primary heating hot water or chilled water piping system shall be  200 psi 
WP brass or ferrosteel body swing check valves, with renewable brass seat, disc and trim. 

 
Flanged Pattern 

125 psi 200 psi 
Crane 373 39E 
Powell 559 576 
Walworth M-928F M-970F 
Lunkenheimer  1790 323 
Stockham G-931 --- 

 
2.7 CHECK VALVES (WAFER) 
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A. Check valves 3" and larger flanged pattern shall have a pressure rating of 125 psi, globe type body, semm. 

steel body, stainless steel spring, bronze disc and bronze seat ring. 
 

Williams-Hager Figure 636 
APCO Series 600 
Mueller Nos. 105, 107, 109 and 113 
Metraflex Series 900 

 
B. Check valves on primary hot water piping systems shall be 200 psi, globe type body, semi steel body, 

stainless steel spring, bronze disc and bronze seat. 
 

2.8 COCKS 
 

A. Provide tight shut off balancing cocks at locations indicated on drawings. 
B. Cocks 2" and smaller, square head bronze cocks 125 psi class with check. 

 
Crane 254 
Powell 955 
Walworth 554 
Lunkenheimer 454, 
or approved equal 

 
C. Cocks over 2", lubricated plug valves with semi-steel body 175 psi class. 

 
Screwed 2" and 3" Flanged 4" and over 
Powell F 2200 Powell F 2201 
Walworth 1700 Walworth 1700F 
ACF R 1430 ACF R 1431 
or approved equivalent 

 
D. Lubricated plug cocks over 6" shall have a geared or worm drive operator. 

 
E. Lubricated plug cocks may be used in lieu of globe or gate valves on heating hot water or chilled water steel 

piping systems to facilitate installation of insulation. All 6" or smaller chilled water piping valves located above 
finished ceilings (unless located over drip pan), or below ceiling in a finished area of the building shall be 
lubricated plug cocks. Provide handle or operator for each valve. 

 
2.9 BUTTERFLY VALVES 

 
A. Butterfly valves may be used in lieu of gate valves or throttling valves when indicated on the drawings. 

1. Design working pressure and temperature 150 psig and 180oF. 
2. Materials of construction: 

a. Body: Malleable or ductile iron 
b. Disc: Aluminum bronze 
c. Stem: 416 stainless steel 
d. Bushings: Bronze 
e. Seat: Compound 230 Buna N or as per manufacturer's recommendation for specific service. 
f. Handle: Lever lock through 10" size, if valve is to be used for throttling service, provide infinite 

adjustment throttle plate. 
 

B. Valves used for the isolation of equipment or for future connections shall have flanged ends or flange unions 
to permit removal of equipment and/or piping with the valve remaining in service. 
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C. Acceptable manufacturers are Keystone, Center Line or Demco. 
 

2.10 BACK FLOW PREVENTER (REDUCED PRESSURE) 
 

A. 3/4" to 4" size; ASSE Std. 1013, AWWA Std. C-506; unit shall have all bronze construction, stainless steel 
internal parts, test cocks and suitable for 175 psi supply water pressure. Unit shall be furnished with factory 
mounted bronze inlet strainer, union and non-rising stem gate valves (on inlet and outlet). Watts Series 900 
Beeco or approved equal. 

 
2.11 BACK FLOW PREVENTER (DOUBLE CHECK VALVE) 

 
A. 3/4" to 2"; ASSE Std 1015, AWWA Std. C-506; unit shall have bronze body, stainless steel internal parts, test 

cocks and rubber seating check valves. Unit shall be furnished with factory mounted bronze inlet strainer, 
union, and non-rising stem gate valves (on inlet or outlet). Watts Series 700 Beeco, or approved equal. 

 
B. 2-1/2" and 3"; ASSE Std. 1015, AWWA Std. C-506; unit shall have iron body, stainless steel internal parts, 

test cocks, and rubber seating check valves. Unit shall be furnished with flanged ends, factory mounted inlet 
strainer, union, stainless steel bolts and non-rising stem gate valves (on inlet and outlet). Watts Series 700 
Beeco or approved equal. 

 
2.12 DIELECTRIC UNIONS 

 
A. Epco Sales, Inc., 3204 Sackett Avenue, Cleveland, Ohio; Capitol Manufacturing & Supply Company, 

Columbus; Patrol Valve Company, Cleveland, Ohio, or approved equal. 
2.13 FLEXIBLE METAL HOSE 

 
A. American Brass Co., Mason Industries, Chicago Metal Hose Co., or approved equal, 300 psig WP design 

flexible metal hose constructed of brass with brass wire braid covering. 
 

2.14 FLEXIBLE PLASTIC PIPE JOINTS 
 

A. Resist-O-Flex Co., Mercer Rubber Co., La Favorite Co., or approved equal, multiple bellows, guides, and 
restraining bolts or blocking. Joints shall be rated at 150 psig and 220oF continuous service. 

 
2.15 STEEL PIPING SYSTEM STRAINERS 

 
A. Malleable or cast iron, 125 psig working pressure. Free area of strainer - not less than 300 per cent cross 

sectional area of pipe. Strainer mesh, perforation size, and pattern as follows: 
 

Pipe Size Pattern Mesh or Perforation Diameter 
to 2 in. threaded wye 20 mesh 
2 to 4 in. threaded wye 0.045 inch dia. 
5 to 10 in. flanged wye 0.125 inch dia. 
12 in. up flanged basket 0.125 inch dia. 

 
2.16 COPPER PIPING SYSTEM STRAINERS 

 
A. Copper piping system strainers solder pattern with removable bolted flange on strainer leg. Strainer 40 mesh 

bronze screen, with free area of screen at least 3 times cross sectional area of pipe. 
 

2.17 ACCESS PANELS 
 

A. Access panels (Milcor) Inland-Ryerson Construction Products Co., (Boico) Birmingham Ornamental Iron Co., 
or approved equal. Steel panels and frames shall be furnished with prime coat of rust inhibitor enamel. See 
plans for sizes (12 x 12) min.). Access panel styles as follows: 
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Milco Boico 

Fire rated 1-1/2 hr. B. Label 1-1/2 hr. B. Label 
 

2.18 SAFETY VALVES 
 

A. Safety Valves to be Manning, Maxwell & Moore, Watts Regulator, or Bell & Gossett Co., ASME rated as 
shown on the drawings and/or required by applicable codes. 

 
B. Refrigerant Safety Valves in accordance with USASI Code for refrigeration apparatus, and pipe discharge 

outside building. 
 

C. Protect water heaters with Watts, Beaton Cadwell or McDonnell Miller, combination automatic temperature 
and pressure relief valves (with manual lift lever). Relief capacity shall exceed input energy at 125 psig 
pressure and 210oF temperature. 

 
2.19 AUTOMATIC AIR VENTS (AAV) 

 
A. Automatic Air Vents to be equal to: 

 
(150 psig W.P) (75 psig W.P) 
Metraflex MV-15 Maid-O-Mist 7 
Crane Co. 976 Bell & Gossett 7 
Sarco 13W Hoffman 79 
Armstrong 1AV 

 
2.20 MANUAL AIR VENTS (MAV) 

 
A. Manual air vents shall be brass manual cock equal to Crane 700 series. 

2.21 WATER HAMMER ARRESTERS 
 

A. Water hammer arresters (shock stops) shall be equal to those manufactured by Josam Manufacturing 
Company, Zurn Industries, Inc., Wade, Inc., MIFAB or Jay R. Smith Manufacturing Company. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Install valves and cocks in horizontal piping with the valve stem in the vertical upright position. 

 
B. Install valves and cocks to provide adequate clearance to permit easy operation of the valve hand wheel and 

permit servicing of the valve packing. 
 
3.2 ACCESS PANELS 

 
A. Furnish adequate number of properly sized access panels (12" x 12" minimum size) to adequately service 

and maintain systems installed under each section of specifications. 
 

B. Access panels shall be installed and painted under other divisions of these specifications. Exact panel 
location shall be designated by the subcontractor performing the work of this Section. 

 
C. Access panels are not required in exposed grid or other types of readily removable ceilings. 

 
D. Access panels shall not compromise the fire rating of the wall. 
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3.3 SAFETY VALVES 

 
A. Safety valves to have valve spindle enclosure with gland seal to minimize leakage and manual lift lever to 

check discharge required. Cut discharge pipe from safety valve on a 45 degree angle, pipe to floor and direct 
toward or into floor drain (unless noted otherwise on the drawings). 

 
3.4 AUTOMATIC AIR VENTS 

 
A. Install automatic air vents with inlet isolation cock at locations indicated on drawings and at high points of hot 

and chilled water piping systems. Pipe vent discharge to drain pan, plumbing trap or to outside of building. 
 
3.5 WATER HAMMER ARRESTERS 

 
A. Install water hammer arresters (shock stops) at the locations indicated on the plans and all branch lines 

serving quick closing valves and in accordance with size and placement recommendations given in Plumbing 
and Drainage Institute Standard PDI-WH201. 

 
3.6 BACKFLOW PREVENTERS 

 
A. Water service back flow preventers shall be installed above grade and in such a manner to prevent the 

discharge relief opening from becoming submerged by ground water. Provide suitable protection to prevent 
assembly from freezing. 

 

END OF SECTION 22 05 23 
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SECTION 22 05 53 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 
 
PART 1 - GENERAL 

 
1.1 SUMMARY 

 
A. Section Includes: 

1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 

 
1.2 ACTION SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall be 
provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 EQUIPMENT LABELS 

 
A. Metal Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 
a. Brady Corporation. 
b. Brimar Industries, Inc. 
c. Carlton Industries, LP. 
d. Champion America. 
e. Craftmark Pipe Markers. 
f. emedco. 
g. Kolbi Pipe Marker Co. 
h. LEM Products Inc. 
i. Marking Services, Inc. 
j. Seton Identification Products. 

 
2. Material and Thickness: Stainless steel, 0.025-inch minimum thickness, and having predrilled or stamped 

holes for attachment hardware. 
3. Letter Color: Black. 
4. Background Color: Yellow. 
5. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch. 
6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for 

viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. 
Include secondary lettering two-thirds to three-quarters the size of principal lettering. 

7. Fasteners: Stainless-steel rivets. 
8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
B. Plastic Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 
a. Brady Corporation. 
b. Brimar Industries, Inc. 
c. Carlton Industries, LP. 
d. Champion America. 
e. Craftmark Pipe Markers. 
f. emedco. 
g. Kolbi Pipe Marker Co. 
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h. LEM Products Inc. 
i. Marking Services, Inc. 
j. Seton Identification Products. 

 
2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and 

having predrilled holes for attachment hardware. 
3. Letter Color: Black. 
4. Background Color: Yellow. 
5. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
6. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch. 
7. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for 

viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. 
Include secondary lettering two-thirds to three-quarters the size of principal lettering. 

8. Fasteners: Stainless-steel rivets. 
9. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
C. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where 

equipment is indicated (plans, details, and schedules), and the Specification Section number and title where 
equipment is specified. 

 
D. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper. 

Tabulate equipment identification number, and identify Drawing numbers where equipment is indicated (plans, 
details, and schedules) and the Specification Section number and title where equipment is specified. Equipment 
schedule shall be included in operation and maintenance data. 

 
2.2 WARNING SIGNS AND LABELS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Brady Corporation. 
2. Brimar Industries, Inc. 
3. Carlton Industries, LP. 
4. Champion America. 
5. Craftmark Pipe Markers. 
6. emedco. 
7. LEM Products Inc. 
8. Marking Sevices Inc. 
9. National Marker Company. 
10. Seton Identification Products. 
11. Stranco, Inc. 

 
B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having 

predrilled holes for attachment hardware. 
 

C. Letter Color: Black. 
 

D. Background Color: Yellow. 
 

E. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
 

F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch. 
 

G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing 
distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary 
lettering two-thirds to three-quarters the size of principal lettering. 
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H. Fasteners: Stainless-steel rivets. 

 
I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

 
J. Label Content: Include caution and warning information plus emergency notification instructions. 

 
2.3 PIPE LABELS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc. 
2. Brady Corporation. 
3. Brimar Industries, Inc. 
4. Carlton Industries, LP. 
5. Champion America. 
6. Craftmark Pipe Markers. 
7. emedco. 
8. Kolbi Pipe Marker Co. 
9. LEM Products Inc. 
10. Marking Sevices Inc. 
11. Seton Identification Products. 

 
B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, 

and showing flow direction. 
 

C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference of pipe and to 
attach to pipe without fasteners or adhesive. 

 
D. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing. 

 
E. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used 

on Drawings; also include pipe size and an arrow indicating flow direction. 
1. Flow-Direction Arrows: Integral with piping-system service lettering to accommodate both directions or as 

separate unit on each pipe label to indicate flow direction. 
2. Lettering Size: Size letters according to ASME A13.1 for piping. 

 
PART 3 - EXECUTION 

 
3.1 EQUIPMENT LABEL INSTALLATION 

 
A. Install or permanently fasten labels on each major item of mechanical equipment. 

 
B. Locate equipment labels where accessible and visible. Where plumbing control devices are located above 

acoustical ceilings label should be located directly below control device on the ceiling grid and visible from the 
floor. 

 
3.2 PIPE LABEL INSTALLATION 

 
A. Piping Color Coding: Painting of piping is specified in Architectural drawings and/or specifications. 

 
B. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished 

spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior 
exposed locations as follows: 
1. Near each valve and control device. 
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2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where flow pattern 
is not obvious, mark each pipe at branch. 

3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of concealed piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in areas of congested 

piping and equipment. 
7. On piping above removable acoustical ceilings. Omit intermediately spaced labels. 

 
C. Pipe Label Color Schedule: 

1. Low-Pressure Compressed Air Piping: 
a. Background: Safety blue. 
b. Letter Colors: White. 

 
2. High-Pressure Compressed Air Piping: 

a. Background: Safety blue. 
b. Letter Colors: White. 

 
3. Domestic Water Piping 

a. Background: Safety green. 
b. Letter Colors: White. 

4. Sanitary Waste and Storm Drainage Piping: 
a. Background Color: Safety black. 
b. Letter Color: White. 

 
 
END OF SECTION 22 05 53 
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SECTION 22 07 00 - INSULATION FOR PLUMBING SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 
Specification Sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Above grade domestic hot water supply and recirculating piping. 

 
B. Below grade domestic hot water supply and recirculating piping. 

 
C. Above grade waste lines and trap from ice machines and waste lines receiving condensate from air 

conditioning units to a point of connection to a soil line receiving waste from 4 or more plumbing fixtures. 
 

D. Interior storm water piping. 
 

E. Above grade domestic cold water piping in vented attic, vented ceiling spaces and vented soffits with 3/4" 
fiberglass and all service jacket. 

 
F. Above grade exterior domestic cold water piping. 

 
G. Handicap lavatory exposed hot water and waste piping. 

 
H. Above grade fire protection piping in vented attic, vented ceiling spaces and vented soffits with 3/4" fiberglass 

and all service jacket. 
 

I. Above grade domestic chilled water piping. 
 

J. Below grade domestic chilled water piping. 
 

K. Domestic water chilled evaporator, chilled water compression or expansion tank; and other cold surfaces with 
operating temperatures of less than 70 degrees F. 

 
L. Domestic chilled water pumps. 

 
M. Above grade water piping exposed in unheated areas. 

 
N. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division-22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
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be provided for each specification section that requires submittals to be provided. 
 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Materials listed in subsequent paragraphs of this specification are those used as basis of design; alternate 

manufacturer's equivalent projects as listed herein will be accepted. The insulation contractor shall verify 
materials and comply with requirements of NFPA 90, with regard to a flame spread rating of 25 or less 
and; a smoke developed/fuel contributed value of less than 50. 

 
2.2 MATERIALS 

 
A. Insulation and accessory materials to be as manufactured by the listed manufacturers or approved equal: 

1. Calcium Silicate: Owens Corning "Kaylo", Manville "Thermo-12". 
2. Fiberglass: Owens Corning, Knauf, CertainTeed, or Manville. 
3. Foamed Plastic Insulation: Armstrong "Armaflex", U.S. Rubber "Ensolex", Gustin Bacon "Ultra-Foam", 

Owens Corning "O-C" Halstead Industrial Products, or approved equal. 
4. Cellular Glass: Fed. Spec. HH-I-551a. 
5. Extruded  Polyethylene  Insulation: Nomaco Inc. "Thermacell, Sentinel Energy Savings Products 

Division of Packaging Energy Groups, Inc., "Senflex" or approved equal. 
6. Insulating Finish Cement: JM No. 301, BH Improved Super Powerhouse Cement, The Ruberoid Co., No. 

412, or approved equal. 
7. Mastics, Sealers and Adhesives: 

 
Benjamin 
Foster Insulcoustic Childers J-M 

 
Cellular glass 30-45 40-10 CP-
70 bedding mastic 

General purpose 35-00 Series Vi AC Mastic CP-10 375 
mastic 

 
Vapor barrier 
sealant (indoor) 

30-35 IC-501 CP-30  

Adhesive 85-20  CP-89  

Fire retardant 
sealer (outdoor) 

60-35 IC-531   

Foamed 
Plastic & 
Adhesive 

   57 

 
Extruded Poly- Therma-Cel 950 Adhesive 
ethylene 

 
8. Pipe Jacketing and Valve Covers (Ultra Violet Resistant): Zeston PVC, CEEL-Tite, Proto Corp. (Lo 

Smoke), or approved equal. 
9. Metal Jacketing and Fitting Cover: Aluminum 0.016 gage (minimum) smooth or corrugated, Childers 

Products Co., General Aluminum Supply Co. (Gasco), Alcorjac by Insulcoustic Co., or approved equal. 
10. Molded Fiberglass Fitting Insulation: Molded Acoustical Products, Inc., West Easton, PA, 18042 or 

approved equal. 
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PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Insulation is not to be installed until the piping systems have been checked and found free of all leaks. 

Surfaces shall be clean and dry before attempting to apply insulation. A professional insulator with adequate 
experience and ability shall install insulation. 

 
B. Provide hanger or pipe support shields of 16 gage (minimum) galvanized steel over or embedded in the 

insulation. Shield shall extend halfway up the pipe insulation cover and at least 6" on each side of the hanger. 
Securely fasten shield with pipe straps at each end. Insulate pipe anchors adequately to prevent moisture 
condensation problems. 

 
3.2 Insulation installed in exposed locations such as water heater rooms, equipment rooms, air handling unit rooms, 

all exterior above grade areas, kitchens, laundries, power houses, utility buildings, energy building or similarly 
identified locations where the insulation would be subject to physical damage shall be covered with metal 
jacketing. Elbows may be covered with fire rated and ozone resistant (for exterior locations) PVC covers in lieu of 
metal jacket.WARM OR HOT SURFACES 

 
A. Insulate interior warm or hot surfaces with an operating temperature of over 120 degrees F and less than 400 

degrees. 
 

B. These surfaces include hot water storage heater. 
 

C. Insulate with 1-1/2" thick calcium silicate blocks, securely wired on and covered with poultry wire. Apply  a 
finish coat of 1/2' insulating finish cement over the poultry wire. Trowel the exterior smooth. 

 
D. Insulate hot surfaces operating at over 100 degrees F temperature with 3/4" V-rib spacing lath and 1-1/2" 

molded 85% magnesia or calcium silicate blocks wired on over the spacing lath. Apply poultry wire over the 
magnesia blocks and give a 1/2" coat of insulating finish cement. Trowel the exterior smooth. 

 
3.3 COLD SURFACES 

 
A. Cold surfaces with operating temperatures below 70 degrees F to be insulated with 1" thickness foamed 

plastic or extruded polyethylene insulation. Surfaces include, but not limited to, domestic water chiller, 
domestic chilled water air separator, domestic chilled water expansion tank, domestic chilled water pump, and 
refrigerant suction line intercooler. The foamed plastic sheets shall be applied over a heavy coating of Johns-
Manville #57 adhesive. The insulation shall be finished with a heavy coat of white aerotube finish. 

 
3.4 CONDENSATE PIPING FROM ICE MACHINES 

 
A. Insulate condensate piping and waste lines from ice machines with foamed plastic insulation or extruded 

polyethylene, one-half inch thickness. 
 

B. Mitre cut insulation to fit the pipe fittings. Use approved cement to seal all joints, seams, and ends in the 
insulation. 

 
3.5 HORIZONTAL RAIN WATER PIPING 

 
A. Shall be insulated with 1/2" thickness fiberglass pipe insulation. Prior to installing with insulation the pressure 

release paper shall be removed from the jacket laps. Pipe insulation shall be secured in place by applying 
pressure to the pressure sensitive closure system. Elbows shall be insulated with fiberglass inserted into 
25/50 rated PVC (Aluminum) fitting covers. 
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B. Insulation shall begin at the base of roof drain body and include piping elbows at change of directions from 
vertical to horizontal. 

 
3.6 HORIZONTAL WASTE PIPING RECEIVING AIR-CONDITIONING CONDENSATE 

 
A. Shall be insulated with 1" thickness AP-T fiberglass pipe insulation. Prior to installing with insulation, the 

pressure release paper shall be removed from the jacket laps. The insulation shall be secured in place by 
applying pressure to the pressure sensitive closure system. All fittings shall be insulated with pipe insulation 
segments and finished with Foster's 30-35 vapor barrier coating or equal, reinforced with white open weave 
glass fabric. 

 
3.7 DOMESTIC CHILLED WATER PIPING 

 
A. Insulate domestic chilled water piping as described in these paragraphs with cellular glass. (Cellular glass 

with a factory applied glassfab jacket is acceptable.) Mitre cut insulation and carefully fit to the pipe fittings. 
Piping 6 inch and smaller, use 1-1/2" thickness insulation; piping over 6 inch diameter, use 2" thickness 
insulation. All cellular glass shall be shop bore-coated with Keen's cement prior to shipment to the job site. All 
pipe insulation joints shall be buttered with Foster's GPM 3500 or equal. The insulation sections shall be wired 
in place with 16 gauge copper or stainless steel wires spaced approximately 9" on center. Valves and fittings 
shall be insulated with prefabricated or pre-formed sections of cellular glass insulation and finished the same 
as adjacent piping. 

 
B. Finish cellular glass insulation in concealed locations by applying a heavy coat of Foster's GPM 3500 vapor 

barrier sealant a to the exterior surface of the cellular glass. Embed a layer of open weave glass fabric cloth in 
this sealant overlapping seams at least 2". Apply a finish coat of Foster's GPM 3500 and finish as smooth as 
possible. Note: Two coats of sealer will be required where factory applied glassfab jacket is used. 

C. Finish cellular glass in exposed interior locations such as air handling unit equipment rooms, boiler rooms, 
and chiller room as follows: 
1. Straight runs of 2" piping and larger - cover with 0.016" thickness smooth aluminum weatherproof jacket 

with factory applied integral vapor barrier. Piping 2" and smaller - 0.010" thickness aluminum jacket with 
integral vapor barrier. Seal joints to preserve integrity of vapor barrier.  Fasten jacket  with 1/2" wide 
aluminum bands on not over 12" centers. Elbows, tees, reducers, valves and other special fittings - use 
prefab jacket. 

 
3.8 UNDERGROUND PIPING 

 
A. Insulate all underground domestic hot and chilled water piping with 1-1/2" thickness cellular glass preformed 

split sectioned pipe insulation. 
 

B. Mitre cut insulation and carefully fit to the pipe fittings. All cellular glass to be shop bore-coated with Keen's 
cement prior to shipment to the job site. Apply cellular glass bedding mastic to all edges of the cellular glass 
insulation to fill any voids between joints in the insulation. 

 
C. Wire the Cellular glass in place with stainless steel or copper wire 9" on centers. Expansion joints in the 

insulation with 1/4" clearance shall be made 10' on centers. The expansion joints shall be filled with asphalt 
impregnated felt and covered with the jacket. 

 
D. Apply a heavy coat of vapor barrier sealant to outside of the cellular glass and embed a layer of open mesh 

glass fabric cloth into the mastic; carefully apply the cloth smoothly and overlap all transverse and longitudinal 
joints at least 2". Apply a second heavy and final coat of mastic over the cloth and finish to a reasonably 
smooth surface. 

 
E. All legs of underground expansion loops and expansion ells shall be additionally covered with 2" thickness 

fiberglass 7-1/4 pounds per cubic foot density fiberglass pipe insulation applied under the cellular glass and 
under the glass fabric. 
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3.9 ABOVE GROUND DOMESTIC COLD WATER, DOMESTIC HOT WATER AND DOMESTIC HOT WATER 

RECIRCULATION PIPING 
 

A. Shall be insulated with ASJ fiberglass pipe insulation. Prior to installing the insulation, the pressure release 
paper shall be removed from the jacket laps. The insulation shall be secured in place by applying pressure to 
the pressure sensitive closure system. All fittings shall be insulated with molded fiberglass pipe insulation 
segments and finished with Foster's 30-35 vapor barrier coating or equal, reinforced with a layer of white open 
weave glass fabric. 

 
B. Main pipe sizes 2-1/2" and smaller shall have 1" thickness insulation unless noted on the drawings. 

 
C. Pipe sizes 2-1/2" and larger shall have 1-1/2" thickness insulation. 

 
D. Branch runouts up to 2" shall have 1/2" thickness insulation. 

 
3.10 HANDICAP LAVATORY EXPOSED HOT WATER AND WASTE PIPING 

 
A. Shall be insulated with foamed plastic insulation or extruded polyethylene, one-half inch thickness. 

 
B. Mitre cut insulation to fit the pipe, fittings and stops. 

 
C. Use approved cement to seal all joints, seams, and end in the insulation. 

 

END OF SECTION 22 07 00 
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SECTION 22 11 16 - PLUMBING 
 

PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 

Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. The work pertaining to this Division occurs within the confines of the building line, and within a boundary 

outside of the building line for a distance of five (5) feet, measured normal to the building line, or as indicated 
on the drawings. 

 
B. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
be provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 PIPING SPECIALTIES 

 
A. Where it is desirable or necessary to support the pipe hangers to concrete, inserts shall be placed in the 

forms by the Mechanical Contractor prior to the time concrete is poured. 
 

B. Lead tamp-ins may be used when installed in a concrete or masonry wall or other like vertical surface to 
support a vertical hanger. Lead tamp-ins will not be permitted to support hangers to the underside of concrete 
slab. 

 
C. For parallel runs of above ground suspended piping, an acceptable trapeze-type hanger may be used. 

Provide permanent, non-conductive type wrapping between copper pipe and steel trapeze hangers. 
 

D. Pipes passing through walls, floors shall have sleeves of the same materials as the pipe. Sleeves shall allow 
insulated pipes to pass without changing the insulation thickness. Clearance around sleeves shall be packed 
with glass fiber after completion of pipe work. Sleeves in all floor slabs except slabs on grade shall have pipe 
sleeves extended 1 inch above finish floor to prevent water from running through sleeves to area below. Make 
watertight, caulk with sealant around each sleeve. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 
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A. The contractor shall furnish all labor, materials, *including gases* equipment and instruments required to 
conduct tests of piping systems. Tests shall be as herein called for. 

 
B. PVC piping, fittings and other PVC materials shall not be installed in air conditioning plenums or equipment 

rooms used as air conditioning plenums. 
 

C. Tests shall be conducted and the inspection of the piping shall be made in the presence of the Architect 
and/or Engineers. 

D. Material and/or joints found defective shall be replaced and/or corrected and additional tests shall be 
conducted after correction of work. 

 
3.2 PIPE SIZING, DRAWINGS AND SPECIFICATIONS 

 
A. It is intended that work covered by these specifications and drawings include everything requisite and 

necessary to make the various systems complete and operative, irrespective of whether or not every item is 
specifically provided for. Any omission of direct reference herein to any essential item shall not excuse 
contractor from complying with the above intent. 

 
B. Figured dimensions supersede scaled ones. Contractor shall take no advantage of, and shall promptly call the 

Owner's Representative's attention to any error, omission or inconsistency in specifications and drawings. 
 

C. Special attention is directed to requirements that equipment and materials stated in specifications and/or 
indicated on drawings shall be furnished, except if otherwise noted, completely installed, adjusted and left in 
safe and satisfactory operating condition. Accessories, appliances and connections necessary for operation of 
equipment shall be provided to satisfaction of the Owner's Representative. 

 
D. Materials, apparatus or equipment specified or otherwise provided for on drawings, addenda, or change 

orders issued subsequent to award of contract shall be same brand, type, quality and character originally 
specified unless otherwise provided. 

 
E. Layout of equipment, accessories, specialties and suspended, concealed or exposed piping systems are 

diagrammatic unless dimensioned. In preparing shop drawings, contractor shall check project conditions 
before installing work. If there are any interferences or conflicts, they shall be called to attention of the 
Owner's Representative immediately for clarification. 

 
F. The drawings indicate required size and points of termination of pipes and ducts and suggest proper routes to 

conform to structure, avoid obstructions and preserve clearances. However, it is not intended that drawings 
indicate all necessary offsets, and it shall be the work of this contractor to make the installation in such a 
manner as to conform to structure, avoid obstructions, preserve headroom and keep openings and 
passageways clear, without further obstruction or cost to the Owner. 

 
G. Shop drawings shall be furnished by this contractor, indicating all changes to meet space requirements, code 

requirements and as necessary to resolve all space conflicts. 
 

H. It is intended that all apparatus be located symmetrical with architectural elements, and shall be installed at 
exact height and locations as shown on the architectural drawings. Refer to architectural details in completing 
and correlating work. 

 
I. The contractor shall fully inform himself regarding any and all peculiarities and limitations of the spaces 

available for the installation of all work and materials furnished and installed under the contract, prior to 
submitting his bid. He shall exercise due and particular caution to determine that all parts of his work are 
made quickly and easily accessible. 
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J. The contractor shall carefully examine any existing conditions, existing piping and ducts and premises and 
compare the drawing with the existing conditions, prior to submitting his bid. 

 
K. It cannot be too strongly emphasized that, except for work specifically excluded herein, every system shall be 

turned over to Owner installed completed, with components, ready for normal operation. 
 

L. In addition to work shown on mechanical drawings, see Architectural Drawings for existing work to be 
removed, relocated and/or modified. Modify existing systems by rerouting for systems to remain or remove 
the abandoned systems as required to accommodate new general construction, plumbing, electrical and 
mechanical work. 

 
M. Pipe sizes shall be minimum as allowed by local codes or as shown on the drawings, whichever is larger. 

 

END OF SECTION 22 11 16 
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SECTION 22 11 19 - DOMESTIC COLD & HOT WATER SUPPLY PIPING & HOT WATER CIRCULATING PIPING 
 
PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 
Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. The work pertaining to this Division occurs within the confines of the building line, and within a boundary 

outside of the building line for a distance of five (5) feet, measured normal to the building line, or as indicated 
on the drawings. 

 
B. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
be provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Provide valves and specialties as specified under additional Sections of this Specification. 

 
2.2 PIPE 

 
A. The following schedule covers materials unless otherwise specified under a particular System Section. 

1. Copper K, ASTM B88. 
2. Copper tube, Type L, hard drawn, ASTM B 88. 
3. Brass pipe or tube, chrome plated. 

 
2.3 FITTINGS 

 
A. Steel Pipe: Malleable iron 150 lb. banded, galvanized to match pipe. 

 
B. Copper Tube: Wrought or cast brass solder joint. 

 
C. The 'T' drill extruded fitting method may not be used. 

 
D. Service material shall be brass compression fittings-angle ball cocks, ball corporations, etc. Flared fittings are 

acceptable under controlled conditions. 
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2.4 PIPE JOINTS 

 
A. Joints in copper piping shall be made with tin-antimony solder (95-5) and non-acid flux. Contractor shall 

furnish manufacturers literature documenting that the lead content (trace quantities) are within the guidelines 
of the local codes having jurisdiction as well as the Safe Drinking Water Act Amendment (SDWAA). 

 
B. Joints in threaded piping shall be made with teflon tape or non hardening pipe compound (seal-tite). 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. The design drawings are generally diagrammatic. They do not show every bend, off-set, elbow or other fitting 

which may be required in the piping for installation in the space allotted. Careful coordination of the work is 
necessary to avoid conflicts. 

 
B. Run all water lines parallel or perpendicular to building lines. 

 
C. For piping requiring insulation, lay out and carefully install piping with sufficient clearances to permit proper 

application of the insulation. If the piping is such that a neat insulation job cannot be obtained with reasonable 
effort, the piping subcontractor shall relocate piping. 

 
D. Separate underground water piping and building sewer with undisturbed or compacted earth at least 10' 

horizontally if installed at the same level or lower than the sewer. Where water piping is closer than 10' to a 
sewer, place the bottom of the water pipe at least 18" above the top of the sewer, or the sewer shall be 
encased in a concrete envelope as required by the Department of Health & Rehabilitative Services (State of 
Florida). 

 
E. Minimum cover for exterior underground piping is three feet over insulation or conduit unless otherwise noted 

on plans. Carefully excavate trench to smooth finished surface; if cut is too deep, backfill with clean earth and 
hand tamp to compact bottom. Make depression at joints to receive flanges, collars, and couplings. Provide 
continuous support for pipe or conduit. Backfill to be clean earth, free of rocks and debris completely 
enveloping pipe or conduit on both sides and top to a minimum thickness of 6". Carefully hand tamp backfill in 
6" layers until 24" has been deposited over pipe or conduit. 

 
F. Place color coded 6" wide 0.004" thickness polyethylene printed plastic identification tape directly above all 

underground piping systems approximately 12" below finished grade. Tapes shall be continuously printed with 
"CAUTION" in large bold letters. Printed second line with type of service below.  Yellow tape is to be used for 
water, (Print type of water on tape; i.e., domestic cold water.) 

 
3.2 HANGERS AND SUPPORTS 

 
A. Vertical Piping shall be supported at its base and no greater than every story height. 

 
B. Horizontal Piping (Suspended) shall be supported at not more than eight (8) foot intervals. Supports shall be 

adequate to maintain alignment and prevent sagging. 
 

C. Supports shall be connected to the building structure not from other equipment, ducts or conduits. 
 
3.3 JOINTING PIPE 

 
A. All pipe lines shall be correctly aligned before joints are made. 
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B. Squarely cut pipe and properly ream to remove all constriction and burrs before making up the joints. 
 

C. Threaded Pipe: Ream all pipe after cutting and before threading. Use non-hardening pipe compound or tape 
on male threads only at each joint and tighten joint to leave not more than 3 threads exposed. 

 
D. Copper Tube: Ream all pipe after cutting squarely, clean outside of tube ends and inside of fittings and tin 

end to be soldered. Apply solder flux to joint areas of both tubes and fittings. Insert tube full depth into fitting, 
and solder in manner which will draw solder full depth and circumference of joint. Wipe excess solder from 
joint before it hardens. 

 
E. Provide nipples of same material and weight as pipe used. Provide extra strong nipples when length of 

unthreaded part of standard weight nipple is less than 1-1/2". 
 

F. Run water supply main to point indicated on plans. 

3.4 WATER HAMMER ARRESTERS 
 

A. Water hammer arresters (shock stops) shall be installed at the locations on the plans and all branch lines 
serving quick closing valves and in accordance with PDI Standard WH-201. Provide access panels so located 
to permit ease of service. 

 
3.5 VALVES 

 
A. Provide valves to isolate each riser, and branch line. See also Section 220523 for requirements. 

 
3.6 REDUCERS 

 
A. Screwed bushings are prohibited, except where available space prevents use of reducing couplings. Pipe 

reductions on horizontal, hot water piping shall be made with eccentric reducers. Top of hot water piping shall 
be flat for venting. 

 
3.7 TESTS 

 
A. Apply a water pressure test to all parts of the water supply system before the piping is concealed and before 

the fixtures and equipment are connected. Use a hydrostatic pressure of not less than 100 psig or 150% of 
system operating pressure, applied to the system for a period of four hours. There shall be no leaks at any 
point in the system at this pressure. 

 
B. Leave concealed work uncovered until required tests have been completed, but if necessary, make tests on 

portions of the work and those portions of the work may be concealed after being inspected and approved. 
Make repairs of defects that are discovered as a result of inspection or tests with new materials. Caulking, 
welding or other such sealing methods of screwed joints, cracks or holes will not be accepted. Repeat tests 
after defects have been eliminated. 

 
C. Complete all field testing prior to insulation, wrapping and/or backfill. 

 
3.8 STERILIZATION 

 
A. As soon as the water piping has been thoroughly flushed out, sterilize the lines by introducing into them a 

solution of calcium hypochlorite or chloride of lime. Open and close all valves while system is being 
chlorinated. After the sterilizing agent has been applied for 24 hours, test for residual chlorine at the ends of 
the lines. If less than 10 parts per million is indicated, repeat the process. When tests show at least 10 parts 
per million of residual chlorine, flush out the system until all traces of the chemical used are removed. Make 
necessary connections to sterilized piping. 
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3.9 PIPE PROTECTIONS 
 

A. Paint all uninsulated piping underground with two coats of asphaltic paint. (Manual wiping is not acceptable) 
 

B. Wrap pipe that touches metal or is exposed to masonry with a layer of 6 mil polylene film or 15 lb. felt. 
 

C. Spirally wrap all pipe lines embedded in concrete with two layers of 30 lb. felt. 
 

D. Coat all exposed threads on galvanized steel pipe after assembly with two coats of zinc chromate.  Remove 
pipe thread lubricants prior to applying paint. 

 

END OF SECTION 22 11 19 
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SECTION 22 13 16 - SANITARY SEWER, STORM WATER AND SANITARY VENT PIPING 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 

Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. The work pertaining to this Division occurs within the confines of the building line, and within a boundary 

outside of the building line for a distance of five (5) feet, measured normal to the building line, or as indicated 
on the drawings. 

 
B. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
be provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 MATERIAL 

 
A. The following schedule covers materials unless otherwise specified under a particular System Section. 

 
2.2 PIPE 

 
A. Cast-iron soil pipe service weight, centrifugally cast, ANSI A112.5.1. 2" Through 15" size, bell and spigot joint. 

 
B. Cast-iron soil pipe service weight, centrifugally cast, ANSI A112.5.1. 1-1/2" through 10" size, "non-hub" joint. 

 
C. Reinforced concrete pipe (RCP) 12" through 144" bell and spigot pattern with O-ring rubber gaskets, ASTM 

C76. 
 

D. Copper type DWV. 
 

E. Brass pipe or tube, chrome plated. 
 

F. PVC Type DWV, ASTM D2665-78. 1-1/2" through 6" size. 
 
2.3 PIPING APPLICATIONS 

 
A. For above ground soil waste and vent piping, use any of the following materials: 
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1. Cast iron soil pipe service weight “NO-HUB” joints. 
2. Copper type DWV. 
3. Brass pipe or tube, chrome plated. This shall be provided for all above ground p-traps.  PVC p-traps are 

not acceptable. 
4. PVC type DWV, ASTM D2665-78. 

B. For below ground soil waste and vent piping, use any of the following materials: 
1. Grease line: Cast iron soil pipe service weight bell and spigot. PVC shall not be acceptable. 
2. Sanitary waste: 

a. Cast iron soil pipe service weight bell and spigot. 
b. PVC type DWV, ASTM D2665-78. (Note: In HVAC plenums, PVC piping shall not be installed.) 

 
3. Storm (Refer to size limitation in Section 2.2): 

a. Cast iron soil pipe service weight bell and spigot. 
b. PVC type DWV, ASTM D2665-78. 
c. Reinforced concrete pipe. 

 
2.4 FITTINGS 

 
A. Cast-Iron Soil Pipe: 

1. Underground: Provide fittings of same weight and manufacture as pipe in which installed. Joints shall be 
bell and spigot push-on type neoprene gasket or "NO HUB" type conforming to CIPI Standard 301 unless 
noted otherwise on drawings. 

2. Above ground and in buildings: "NO-HUB" type conforming to CIPI Standard 301 unless noted 
otherwise on the drawings. 

 
B. Threaded Drainage Pipe: Cast-iron, recessed. 

 
C. Copper DWV: Cast or wrought solder joint DWV drainage fittings. 

 
D. PVC Type DWV: ASTM D-2665, NSF Seal of Approval, Solvent-cement joint. 

 
2.5 PIPE JOINTS 

 
A. Bell and spigot type joint shall be made with push-on compression type, neoprene gasket conforming to 

ASTM A-74. 
 

B. No-hub type joints shall be constructed of 24 gage type 304 stainless steel, with gasket guides, type 304 
stainless steel screw clamp, and matching neoprene (ASTM C-564) gasket that shall interlock with housing. 

 
C. Joints in copper piping shall be made with tin-antimony solder (95-5) silver solder and non-acid flux. 

 
D. Joints in threaded piping shall be made with teflon tape or non hardening pipe compound (Seal-tite). 

 
2.6 VENT FLASHING 

 
A. Furnish 4 lb. lead flashing, material as recommended by roofing system manufacturer, or copper pitch pans 

for all vents through the roof. Type of flashing used shall be compatible with piping material. 
 
2.7 IDENTIFICATION 

 
A. Below grade piping identification and warning tape shall be 0.004 inch thick polyethylene, printed with a 

continuous two line message. Tapes used for non magnetic piping materials shall have a metallic core. 
Acceptable manufacturer is Seton Name Plate Corporation or approved equal. 

 
B. Above ground piping identification tape shall conform to ANSI and ASME A13.1 2007. 
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PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. The design drawings are generally diagrammatic. They do not show every bend, off-set, elbow or other fitting 

which may be required in the piping for installation in the space allotted. Careful coordination of  the work is 
necessary to avoid conflicts. 

 
B. PVC piping, fittings and other PVC materials shall not be installed in air conditioning plenums or equipment 

rooms used as air conditioning plenums. 
 

C. Joints and connections shall be made permanent and watertight. 
D. Run piping to sewer connection point outside of building or as indicated on drawings. 

 
E. Install 3" and larger horizontal soil and waste piping to 1/8" per foot slope. Piping 2" and smaller shall be 

installed at a slope of 1/4" per foot. Run horizontal vent lines to a minimum grade back to stacks and vertical 
vent lines as direct and free from bends as possible. 

 
F. For piping requiring insulation, lay out and carefully install piping with sufficient clearances to permit proper 

application of the insulation. If the piping is such that a neat insulation job cannot be obtained with reasonable 
effort, the piping subcontractor shall relocate piping. 

 
G. Separate underground water piping and building sewer with undisturbed or compacted earth at least 10' 

horizontally if installed at the same level or lower than the sewer. Where water piping is closer than 10' to a 
sewer, place the bottom of the water pipe at least 18" above the top of the sewer, or the sewer shall be 
encased in a concrete envelope as required by the Department of Health & Rehabilitative Services (State of 
Florida). 

 
H. Minimum cover for exterior underground piping is three feet over conduit unless otherwise noted on plans. 

Carefully excavate trench to smooth finished surface; if cut is too deep, backfill with clean earth and hand 
tamp to compact bottom. Make depression at joints to receive bells, collars, and couplings. Provide 
continuous support for pipe or conduit. Backfill to be clean earth, free of rocks and debris completely 
enveloping pipe or conduit on both sides and top to a minimum thickness of 6". Carefully hand tamp backfill in 
6" layers until 18" has been deposited over pipe or conduit. 

 
I. Place color coded 6" wide 0.004" thickness polyethylene printed plastic identification tape directly above all 

underground piping systems approximately 12" below finished grade. Tapes shall be continuously printed with 
"CAUTION" in large bold letters. Printed second line with type of service below.  Red tape is to be used for 
sewer, (Print type of water on tape; i.e., storm water.) 

 
J. Where condensate piping is indicated, piping shall be extended to the nearest catch basin/yard drain. A cast 

iron back water valve shall be provided with epoxy-coated steel access housing. 
 
3.2 HANGERS AND SUPPORTS 

 
A. Vertical Piping shall be supported at its base and no greater than every story height, not to exceed 20 foot 

intervals. 
 

B. Horizontal Piping (Suspended) shall be supported at each bend; at not more than five (5) foot intervals; 
except that pipe exceeding five (5) feet in length may be supported at not more than ten (10) foot intervals. 
Supports shall be adequate to maintain alignment and prevent sagging and shall be made directly behind the 
bell or coupling, where possible, not near the center of the pipe. 

 
C. Supports shall be connected to the building structure not from other equipment, ducts or conduits. 
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D. Horizontal pipe and fittings six inches and larger shall be suitably braced to prevent horizontal movement. 

This should be done at every branch opening or change of direction by the use of braces, blocks, rodding or 
other suitable method, to prevent movement. 

 
E. Where components are suspended in excess of eighteen inches by means of non-rigid hangers, they should 

be suitably braced against movement horizontally, often called sway bracing. 
 
3.3 LINE AND GRADE 

 
A. Install gravity lines at uniform grade to low point after field verification of low point invert. 

 
B. Run piping straight, plumb and grade in the direction indicated on the drawings. 

 
3.4 JOINTING PIPE 

 
A. All pipe lines shall be correctly aligned before joints are made. 

 
B. Squarely cut pipe and properly ream to remove all constriction and burrs before making up the joints. 
C. Threaded Pipe: Ream all pipe after cutting and before threading. Use non-hardening pipe compound on male 

threads only at each joint and tighten joint to leave not more than 3 threads exposed. 
 

D. Copper Tube: Ream all pipe after cutting squarely, clean outside of tube ends and inside of fittings and tin 
end to be soldered. Apply non-acid solder flux to joint areas of both tubes and fittings. Insert tube full depth 
into fitting, and solder in manner which will draw solder full depth and circumference of joint. Wipe excess 
solder from joint before it hardens. 

 
E. Joining "NO-HUB" cast iron soil pipe and fittings shall be in accordance with recommended practices 

described by the coupling manufacturers. 
 

F. Provide nipples of same material and weight as pipe used. Provide extra strong nipples when length of 
unthreaded part of standard weight nipple is less than 1-1/2". 

 
G. Provide reducing fittings (reducing bushings shall not be used) where changes in pipe sizes occur. 

 
H. Provide dielectric unions or flanges between copper and steel piping and between brassware and steel. Do 

not use steel and copper piping in the same system without such isolation. 
 
3.5 PIPE PROTECTION 

 
A. Paint all uninsulated piping underground (except cast iron) with two coats of asphaltic paint (Manual wiping is 

not acceptable). 
 

B. Wrap soil pipe that touches metal or is exposed to masonry with a layer of 6 mil polylene film or 15 lb. roofing 
felt. 

 
C. Spirally wrap all pipe lines embedded in concrete with two layers of 30 lb. roofing felt. 

 
D. Paint all PVC piping exposed to outdoors with UV resistant paint. Paint color to match adjacent building 

elements. 
 
3.6 TESTS 

 
A. A water test shall be applied to the sanitary and storm drainage systems either in its entirety or in sections. If 

applied to the entire system, all openings in the piping shall be tightly closed, except the highest opening and 
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the system filled with water to point of overflow. If the system is tested in sections, each opening shall be 
tightly plugged except the highest openings of the section under test, and each section shall be filled with 
water, but no section shall be tested with less than 10 ft. head of water. In testing successive sections at least 
the upper 10 ft of the next preceding section shall be tested, so that no joint or pipe in the building (except the 
uppermost 10 ft of the system) shall have been submitted to a test of less than a 10 ft head of water. The 
water shall be kept in the system, or in the portion under test, for at least 1 hour before inspection starts; the 
system shall then be tight at all points. 

 
B. An air test shall be made by attaching an air compressor or testing apparatus to any suitable opening and 

after closing all other inlets and outlets to the system, forcing air into the system until there is a uniform gauge 
pressure of 5 psi or sufficient to balance a column of mercury ten inches in height. This pressure shall be held 
without introduction of additional air for a period of at least 30 minutes. 

 
C. Complete all field testing prior to insulation, wrapping and/or backfill. 

 
3.7 VENT FLASHING 

 
A. Extend lead type flashing 12" beyond pipe in all directions and carry to top of pipe with at least 2" return inside 

of pipe. 
 

B. Install PVC pipe flashing in accordance with flashing manufacturer's recommendation. 
 

C. Flashing for PVC piping shall be installed in accordance with manufacturer's instructions. 
 

D. Install flashing materials as required by roofing system manufacturer's details and methods. 

END OF SECTION 22 13 16 
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SECTION 22 13 17 - CLEANOUTS AND CLEANOUT ACCESS COVERS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 

Specification sections, apply to work of this section. 
 

B. Alternates may be or may not substantially change scope and general character of the work; and must not be 
confused with "change orders", "substitutions", and other similar provisions. 

 
1.2 SCOPE 

 
A. Furnish and install cleanouts as shown on drawing or specified herein. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
be provided for each specification section that requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 MATERIALS 

 
A. Cleanouts and cleanout access covers shall be of the type and materials as scheduled on the drawings. 

 
B. Provide all necessary bolts and appurtenances to effect a complete installation. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install all cleanouts and cleanout access covers in accordance with the manufacturer’s instructions. 

 
B. Exterior cleanouts below grade shall be extended to finish grade. Pour a concrete pad 18" x 18" x 6" thick 

around cleanout; slope top down approximately 2" from cleanout to edge of pad so that edge of pad is flush 
with grade. 

 
C. Cleanouts shall be of the same nominal size as the pipes to which they are connected up to 4" in diameter; 

and not less than 4" for larger pipes. 
 

D. Cleanouts shall be provided at no more than 50 feet apart in horizontal drainage lines of 4" nominal diameter, 
and at not more than 75 feet apart for larger diameter pipe. 

 
E. At change in direction: Cleanouts shall be provided at each change of direction of the building drain when the 

angle of change is 90 degrees. 
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F. At base of stacks: Cleanouts shall be provided at or near the base of each vertical stack. 
 

G. Direction of cleanout: All cleanouts shall be installed so that the cleanout opens in a direction opposite to the 
flow of the drainage line, or at a right angle to the line. 

 
H. Concealed cleanouts in wall shall be provided with removable access panel. 
I. Where access cleanout boxes or covers are installed in the floor, the top surface shall be scoriated and the 

cover secured, but removable when necessary. Polished brass. Install carpet type covers in carpeted areas. 
 

END OF SECTION 22 13 17 
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SECTION 22 13 19 - FLOOR DRAINS 
 
PART 1 – GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions and Division-01 

Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Furnish and install floor drains including strainers and trap primers. 

 
B. Alternates may or may not substantially change scope and general character of the work; and must not be 

confused with "change orders", "substitutions", and other similar provisions. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file 
shall be provided for each specification section that requires submittals to be provided. 

 
PART 2 – PRODUCTS 

 
2.1 DRAINS 

 
A. Drains shall be of the type and materials as scheduled on the drawings. 

 
B. Clay County Utility Authority requires sand screens to be installed in all floor drains. Sand screens should be 

included from the floor drain manufacturer’s product accessories. 
 

C. Provide all necessary bolts, clamping rings and appurtenances to effect a complete installation. 
 

D. The strainer size shall be as recommended by the manufacturer unless otherwise indicated on the drawings. 
The strainers shall be nickel alloy or polished brass. Provide tapped boss and trap primer floor drains as 
indicated on the drawings. 

 
2.2 TRAP PRIMERS 

 
A. Provide for all floor drains. 

 
B. Units shall be cast bronze, with removable top cover, threaded or sweat pattern, and integral vacuum breaker. 

 
C. Acceptable manufacturers are: Wade, Josam, Smith, MIFAB and Zurn. 

 
PART 3 – EXECUTION 

 
3.1 DRAINS 

 
A. Install all drains in accordance with the manufacturer’s instructions. 
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3.2 TRAP PRIMERS 
 

A. Trap primer outlet should extend vertically a minimum of 12" before a change in direction to horizontal is 
made. The horizontal line to the trap primer connection shall be installed sloping to the trap it serves. Provide 
a minimum size of 12" x 12" stainless steel access cover for each trap primer. 

 
END OF SECTION 22 13 19 
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SECTION 22 13 21 - DRAINAGE AND VENT SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section. 
 
1.2 SUMMARY 

 
A. This Section specifies building sanitary and vent piping systems. 

 
B. Related Sections: 

1. Separate sections in Division-02 specify sanitary sewage systems, and trenching and backfilling. 
2. Separate sections in Division-07 specify flashing and sheet metal and joint sealers. 
3. Division-23 Basic Mechanical Requirements section applies to the work of this section. 
4. Separate sections of Division-22 specify Basic Piping Materials and Methods, Hangers and Supports, 

Expansion Compensation, piping system requirements, pipe insulation, and plumbing equipment. 
 
1.3 DEFINITIONS 

 
A. Drainage System: Includes all the piping within a public or private premises which conveys sewage or other 

liquid wastes to a point of disposal. It does not include the mains of public sewer systems or a private or 
public sewage treatment or disposal plant. 

 
B. Vent System: A pipe or pipes installed to provide a flow of air to or from a drainage system, or to provide a 

circulation of air within such system to protect trap seals from siphonage and back pressure. 
 
1.4 QUALITY ASSURANCE 

 
A. Codes and Standards: 

1. Plumbing Code Compliance: Comply with applicable portions of the Florida Building Code. 
 
1.5 SEQUENCING AND SCHEDULING 

 
A. Coordinate the installation of flashing and roof penetrations. 

 
B. Coordinate flashing materials installation of roofing, waterproofing, and adjoining substrate work. 

 
C. Coordinate with installation of sanitary and storm sewer systems as necessary to interface building drains 

with drainage piping systems. 
 

D. Coordinate the installation of drains in poured-in-place concrete slabs, to include proper drain elevations, 
installation of flashing, and slope of slab to drains. 

 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Manufacturer Uniformity: Conform with the requirements specified in Basic Mechanical Requirements. 

 
B. Drainage Piping Specialties, including expansion joints, drains, trap primers, and vandal-proof vent caps: 
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1. Josam Mfg. Co. 
2. Zurn Ind., Inc; Hydromechanics Div. 
3. Wade Division, Tyler Pipe 

 
2.2 ABOVE GROUND DRAINAGE AND VENT PIPE AND FITTINGS 

 
A. Hubless cast-iron soil pipe: Conform to CISPI Standard 301, Service weight, cast-iron soil pipe and 

fittings, with neoprene gaskets conforming to CISPI Standard 310. 
B. Rain water leader piping above grade may be PVC meeting AWWA C900 Class 100. Joints shall be 

mechanical using elastomeric gaskets. Use of PVC in return air plenums (ie, office area) and through fire 
rated assemblies will not be permitted. 

 
2.3 UNDERGROUND BUILDING DRAIN PIPE AND FITTINGS 

 
A. Pipe sizes 15" and smaller: Cast-iron soil pipe. Conform to ASTM A74, for Extra-Heavy weight, hub-and- 

spigot soil pipe and fittings, with neoprene compression gasket joints conforming to ASTM C564. Pipe and 
fittings shall have a heavy coating of coal tar varnish or asphaltum on both inside and outside surfaces. 

 
2.4 DRAINAGE PIPING SPECIALTIES 

 
A. Trap Primers: Bronze body valve with automatic vacuum breaker, with ½" connections matching piping 

system, complying with ASSE 1018. 
 

B. Expansion Joints: Cast-iron body with adjustable bronze sleeve, bronze bolts with wing nuts. 
 

C. Cleanout Plugs: Cast-bronze or brass, threads complying with ANSI B2.1, countersunk head. 
 

D. Floor Cleanouts: Cast-iron body and frame, with clean-out plug and adjustable round top as follows: 
1. Nickel-Bronze Top: Manufacturer's standard cast unit with a standard non-slip scored or abrasive finish. 
2. Cast-iron Top: Manufacturer's standard cast unit with a standard non-slip scored or abrasive finish. 

 
E. Wall Cleanouts: Cast-iron body adaptable to pipe with cast-bronze or brass cleanout plug; stainless steel 

cover including screws. 
 

F. Flashing Flanges: Cast-iron watertight stack or wall sleeve with membrane flashing ring. Provide under- deck 
clamp and sleeve length as required. 

 
G. Vent Flashing Sleeves: Cast-iron caulking type roof coupling for cast-iron stacks, cast-iron threaded type roof 

coupling for steel stacks, and cast-bronze stack flashing sleeve for copper tubing. 
 

H. Floor Drains: 
1. Floor drain type designations and sizes are indicated on Drawings; See fixture schedules. 

 
I. Roof Drain: 

1. Roof drain type designations and sizes are indicated on the drawings. 
 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Verify all dimensions by field measurements. Verify that all drainage and vent piping and specialties may be 

installed in accordance with pertinent codes and regulations, the original design, and the referenced 
standards. 

 
B. Verify all existing grades, inverts, utilities, obstacles, and topographical conditions prior to installations. 
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C. Examine rough-in requirements for plumbing fixtures and other equipment having drain connections to verify 

actual locations of piping connections prior to installation. 
 

D. Examine walls, floors, roof, and plumbing chases for suitable conditions where piping and specialties are to 
be installed. 

 
E. Do not proceed until unsatisfactory conditions have been corrected. 

 
3.2 JOINING PIPES AND FITTINGS 

 
A. Copper Tubing: Solder joints in accordance with the procedures specified in ANSI B9.1. 

 
B. Cast-Iron Soil Pipe: Make lead and oakum caulked joints, compression joints, and hubless joints in 

accordance with the recommendations in the CISPI Cast Iron Soil Pipe and Fittings Handbook, Chapter IV. 
3.3 INSTALLATION 

 
A. Refer  to  the  separate Division-22 section: 22 11 16 - Plumbing, for general piping installation 

instructions. 
 

B. Install supports and anchors in accordance with Division-23 Basic Mechanical Materials and Methods section 
"Supports and Anchors". 

 
C. General Locations and Arrangements: Drawings (plans, schematics, and diagrams) indicate the general 

location and arrangement of the piping systems. Location and arrangement of piping layout take into account 
many design considerations. So far as practical, install piping as indicated. 

 
D. Make changes in direction for drainage and vent piping using appropriate 45-degree wyes, half-wyes, or long 

sweep quarter, sixth, eighth, or sixteenth bends. Sanitary tees or short quarter bends may be used on vertical 
stacks of drainage lines where the change in direction of flow is from horizontal to vertical, except use long-
turn tees where two fixtures are installed back to back and have a common drain. Straight tees, elbows, and 
crosses may be used on vent lines. No change in direction of flow greater than 90 degrees shall be made. 
Where different sizes of drainage pipes and fittings are connected, use proper size, standard increasers and 
reducers. Reduction of the size of drainage piping in the direction of flow is prohibited. 

 
E. Make joints of "No-Hub" cast iron soil pipe with coupling assembly using torque wrench pre-set at 60 inch 

pounds. 
 

F. Install Thrust blocks at the bottom of the waste stack, condensate stack and rain leader pipe. 
 

G. Install sleeve and mechanical sleeve seal through foundation wall for watertight installation. 
 
3.4 INSTALLATION OF PIPING SPECIALTIES 

 
A. Install expansion joints on vertical risers as indicated and as required by the plumbing code. 

 
B. Above Ground Cleanouts: Install in above ground piping as indicated: 

1. As required by plumbing code. 
2. At each change in direction of piping greater than 45 degrees. 
3. At minimum intervals of 50' for piping 3" and smaller, 75' piping 4" and larger. 
4. At base of each vertical soil or waste stack. 

 
C. Cleanouts Covers: Install floor and wall cleanout covers for concealed piping, types as indicated. 

 
D. Flashing Flanges: Install flashing flange and clamping device with each stack and cleanout passing through 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                DRAINAGE AND VENT SYSTEMS 22 13 21 - 4  

waterproof membranes. 
 

E. Vent Flashing Sleeves: Install on stacks passing through roof, secure over stack flashing in accordance with 
manufacturer's instructions. 

 
3.5 INSTALLATION OF TRAP PRIMERS 

 
A. Install trap primers with piping pitched towards drain trap, minimum of 1/8" per foot (1 percent). Adjust trap 

primer for proper flow. 
 
3.6 CONNECTIONS 

 
A. Piping Runouts to Fixtures: Provide drainage and vent piping runouts to plumbing fixtures and drains,  with 

approved trap, of sizes indicated; but in no case smaller than required by the plumbing code. 
 

B. Locate piping runouts as close as possible to bottom of floor slab supporting fixtures or drains. 
 
3.7 FIELD QUALITY CONTROL 

 
A. Inspections: 

1. Do not enclose, cover, or put into operation drainage and vent piping system until it has been inspected 
and approved by the authority having jurisdiction. 

2. During the progress of the installation, notify the plumbing official having jurisdiction, at least 24 hours 
prior to the time such inspection must be made. Perform tests specified below in the presence  of the 
plumbing official. 

a. Rough-in Inspection: Arrange for inspection of the piping system before concealed or closed-in after 
system is roughed-in, and prior to setting fixtures. 

b. Final Inspection: Arrange for a final inspection by the plumbing official to observe the tests 
specified below and to insure compliance with the requirements of the plumbing code. 

3. Reinspections: Whenever the piping system fails to pass the test or inspection, make the required 
corrections, and arrange for reinspection by the plumbing official. 

 
3.8 PIPING SYSTEM TEST 

 
A. Test for leaks and defects all new drainage and vent piping systems. 

 
B. Leave uncovered and unconcealed all new, altered, extended, or replaced drainage and vent piping until it 

has been tested and approved. Expose all such work for testing, that has been covered or concealed before it 
has been tested and approved. 

 
C. Drainage and Venting System Testing Procedures: 

1. Rough Plumbing: Test the piping of plumbing drainage and venting systems upon completion of the rough 
piping installation. Tightly close all openings in the piping system, and fill with water to the point of 
overflow, but not less than 10 feet head of water. Water level shall not drop during the period from 1 hour 
before the inspection starts, through completion of the inspection. Inspect all joints for leaks. 

2. Finished Plumbing: After the plumbing fixtures have been set and their traps filled with water, their 
connections shall be tested and proved gas and water-tight. Plug the stack openings on the roof and 
building drain where it leaves the building, and introduce air into the system equal to a pressure of 1" 
water column. Use a "U" tube or manometer inserted in the trap of a water closet to measure this 
pressure. Air pressure shall remain constant without the introduction of additional air throughout the 
period of inspection. Inspect all plumbing fixture connections for gas and water leaks. 
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D. Repair all leaks and defects using new materials and retest system or portion thereof until satisfactory results 
are obtained. 

 
3.9 ADJUSTING AND CLEANING 

 
A. Clean interior of piping. Remove dirt and debris as work progresses. 

 
B. Clean drain strainers, domes, and traps. Remove dirt and debris. 

 
3.10 PROTECTION 

 
A. Protect drains during remainder of construction period, to avoid clogging with dirt and debris, and to prevent 

damage from traffic and construction work. 
 

B. Place plugs in ends of uncompleted piping at end of day or whenever work stops. 
 

END OF SECTION 22 13 21 
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SECTION 22 14 26 - ROOF DRAINS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions 

and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Furnish and install roof drains including underdeck clamps and gravel guards as indicated 

on drawings. 
 

B. Alternates may or may not substantially change scope and general character of the work; 
and must not be confused with "change orders", "substitutions", and other similar 
provisions. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division 22 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal 

file names must be formatted with the specification section number followed by the title 
of the specification section. One file shall be provided for each specification section that 
requires submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 MATERIALS 

 
A. Drains shall be of the type and materials as scheduled on the drawings. 

 
B. Provide all necessary bolts, clamping rings and appurtenances to effect a complete 

installation. 
 

C. Roof drain bearing pan where required shall be by roof drain manufacturer. 
 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install all drains in accordance with the manufacturer’s instructions. 

 
B. Drain bodies required to be insulated shall be installed with sufficient clearances and 

accessibility to permit proper installation of the insulation material. 
 

END OF SECTION 22 14 16 
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SECTION 22 34 05 - DOMESTIC WATER HEATERS: COMMERCIAL 
ELECTRIC 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions 

and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Furnish and install water heater including all valves, fittings, overflow drain pan, relief valve, 

heat trap and appurtenances. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division 22 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal 

file names must be formatted with the specification section number followed by the title of 
the specification section. One file shall be provided for each specification section that 
requires submittals to be provided. 

 
1.5 MANUFACTURERS 

 
A. Products listed in this Section or on the plans are based on a specific manufacturer to 

establish the desired style, quality and type. Equivalent products, complying with the 
requirements of this Section and the installation requirements of the plans, by the following 
manufacturers are acceptable: 

1. Lochinvar 
2. State Industries 
3. A. O. Smith 
4. Ruud 

 
PART 2 - PRODUCTS 

 
2.1 MATERIALS 

 
A. Water heater shall be of size, voltage and wattage as shown on drawings. Tank shall be 

300 p.s.i. test pressure, 150 p.s.i. W.P. approved; glass lined, with 1.315 dia. "Dow" 
magnesium tank saver. Elements will be copper sheath, tin coated immersion type, low 
watt density (75 watts p.s.i. maximum). Tank shall be insulated to ASHRAE 90A-1980 
energy efficiency standards. Heater jacket shall be heavy gauge steel with baked enamel 
finish. Internal wiring shall be composed of solid copper wire having an insulation material 
rated at 600 V, 200 C. Heater shall have a factory installed temperature and pressure 
relief valve. 
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B. Control Circuit: 

1. Surface Mounted Thermostats: Individual thermostats with built-in manual reset hi 
limit providing staged control and over-temperature protection for each heating 
element. 

2. Immersion Thermostats: Supplied with one magnetic contactor for each 18 KW 
increment. 120 volt control circuit with built in transformer. 

 
C. Water heater shall be U.L. listed and approved and shall be fused in accordance with U.L. 

requirements. 
 

D. Water heater to be size voltage and wattage as shown on drawings. Heater to be 
completely insulated and jacketed for (vertical) or (horizontal) installation. The jacket 
shall be rectangular 16-gauge galvanized steel with beige acrylic enamel finish. Jacket 
shall have a full-length hinged access door with key lock. Tank insulation shall be high-
density fiberglass sufficient to meet ASHRAE 90A-1980 standards of 4 watts per square 
foot of tank surface maximum energy loss. Key lock door provides additional safety and 
security.Tank construction shall be 300-pound test. 125-pound working pressure and be 
ASME stamped and National Board listed. All tanks are to be lined with vitreous glass, 
fired at 1600 F. provided molecular interchange of glass and steel. Manhole cleanout 
shall be standard on 500 through 2500 gallon models. 

 
E. Handhole cleanout on heaters under 500 gallons heater shall include the following 

standard features: internal fusing for control and load circuits, built-in safety drain pan with 
piping connections, low-watt density incoloy sheath elements, ASME rated temperature 
and pressure relief valve, terminal block wiring, 180oF water temperature approval, U.L. 
listing, 3 year limited warranty. 

 
F. Control system: Individual thermostats with built in manual reset hi limit providing staged 

control and hi- limit safety for each heating element. (Not available on horizontal models) -
OR- 

 
G. Magnetic contactors with immersion thermostat: 120 volt control with built in transformer. 

 
H. The discharge from the relief valve shall be piped full-size separately to the outside of 

the building or to another approved terminal as provided for safety pan drain terminals 
but in no case shall the discharge from a relief valve be trapped. 

 
I. Provide magnesium storage tank savers. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Provide gate valves on both the incoming cold water and leaving hot water supply piping. 

 
B. Cold water supply shall also be equipped with a check valve downstream of the gate 

valve. Remove flapper from check valve and drill a 1/16 inch hole in flapper. Replace 
flapper in valve body. 

 
C. Provide unions to facilitate replacement of the storage tank and/or heater. 

 
D. Heat trap shall be installed in the hot water supply piping. 
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END OF SECTION 22 34 05 
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SECTION 22 40 00 - PLUMBING FIXTURES 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 

B. Related Sections: 
1. Separate grab bars and toilet accessories not an integral part of plumbing fixtures are 

specified in Division-10. 
 

C. This Section specifies plumbing fixtures and trim. The types of fixtures specified included the 
following: 
1. Lavatories (including wheelchair type); 
2. Service Sinks; 
3. Water Closets; 
4. Urinals; 
5. Mop Basins; 
6. Drinking Fountains; 
7. Faucets; 
8. Flush Valves; 
9. Fixture Supports (including wheelchair type); 
10. Toilet Seats; 
11. Electric Water Heater; 

 
1.2 QUALITY ASSURANCE 

 
A. Codes and Standards: 

1. ASHRAE Standard 18: "Method of Testing for Rating Drinking Water Coolers with 
Self-Contained Mechanical Refrigeration Systems." 

2. ARI Standard 1010: "Drinking-Fountains and Self-Contained Mechanically-
Refrigerated Drinking- Water Coolers." 

3. ANSI Standard All7.1: "Specifications for Making Buildings and Facilities Accessible To 
and Usable By Physically Handicapped People." 

4. Public Law 90-480: "Architectural Barriers Act of 1968." 
5. UL Standard 399: "Drinking-Water Coolers." 

 
B. Delivery, Storage, and Handling: 

1. Store fixtures where environmental conditions are uniformly maintained within the 
manufacturer's recommended temperatures to prevent damage. 

2. Store fixtures and trim in the manufacturer's original shipping containers. Do not stack 
containers or store in such a manner that may cause damage to the fixture on trim. 

 
C. Sequence and Scheduling: 

1. Schedule rough-in installations with the installation of other building components. 
 
1.3 MAINTENANCE 

 
A. Extra Stock: 

1. Furnish special wrenches and other devices necessary for servicing plumbing fixtures 
and trim to Owner with receipt in a quantity of one device for each 10 fixtures. 
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PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Manufacturer uniformity shall be as specified in Section 23 05 00: Basic Mechanical 

Requirements under Product Options. 
1. Subject to compliance with specified requirements, provide plumbing fixtures of one of 

the following: 

a. Lavatories, Service Sinks, Water Closets, Urinals, Bath Tubs: 
(a) Zurn Industries 

b. Faucets: 
(a) Zurn Industries 

c. Flush Valves: 
(a) Zurn Industries, Inc.; Hydromechanics Div.  

d. Water Closet Seats: 
(a) Bemis Mfg. Co. 
(b) Beneke Corp. 

e. Water Coolers: 
(a) Elkay Mfg. Co. 

f. Service Sinks: 
(a) Crane Co. 

g. Fixture Supports: 
(a) Zurn Industries, Inc.; Hydromechanics Div. 

 
2.2 FIXTURES (See schedule) 

 
2.3 WATER COOLERS (See schedule) 

 
2.4 FAUCETS (See schedule) 

 
2.5 FLUSH VALVES (See schedule) 

 
2.6 FIXTURE SUPPORTS (See schedule) 

 
2.7 ELECTRIC WATER HEATER (See schedule) 

 
2.8 FITTINGS, TRIM AND ACCESSORIES 

 
A. Toilet Seats: elongated, black plastic, closed back/open front, less cover, and having 

stainless steel check hinge and replaceable bumpers. Black seats are campus standard. 
 
2.9 ESCUTCHEONS 

 
A. Chrome-plated cast brass with set screw. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Verify  all  dimensions  by field measurements. Verify that all plumbing fixtures may be 

installed in accordance with pertinent codes and regulations, the original design, and the 
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referenced standards. 
 

B. Examine rough-in for potable water and waste piping systems to verify actual locations of 
piping connections prior to installing fixtures. 

 
C. Examine walls, floors, and cabinets for suitable conditions where fixtures are to be installed. 

 
D. Do not proceed until unsatisfactory conditions have been corrected. 

 
3.2 INSTALLATION 

 
A. Install plumbing fixtures level and plumb, in accordance with fixture manufacturer's written 

instructions, rough-in drawings, and pertinent codes and regulations, the original design, 
and the referenced standards. 

B. Comply with the installation requirements of ANSI All1.1 and Public Law 90-480 with 
respect to plumbing fixtures for the physically handicapped. 

 
C. Fasten plumbing fixtures securely to supports or building structure. Secure supplies behind 

or within wall construction to provide rigid installation. 
 

D. Set shower receptor and mop basins in a leveling bed of cement grout. 
 

E. Install a stop valve in an accessible location in the water connection to each fixture. 
 

F. Install escutcheons at each wall, floor, and ceiling penetration in exposed finished locations 
and within cabinets and millwork. 

 
G. Seal fixtures to walls and floors using silicone sealant as specified in Section 07 92 00. 

Match sealant color to fixture color. 
 
3.3 FIELD QUALITY CONTROL 

 
A. Test fixtures to demonstrate proper operation upon completion of installation and after units 

are water pressurized. Replace malfunctioning units, then retest. 
 

B. Inspect each installed unit for damage. Replace damaged fixtures. 
 
3.4 ADJUSTING 

 
A. Adjust water pressure at drinking fountains, faucets, shower valves, and flush valves to 

provide proper flow and stream. 
 

B. Replace washers of leaking or dripping faucets and stops. Clean fixtures, trim, and 
strainers using manufacturer's recommended cleaning methods and materials. 

 
3.5 CLEANING 

 
A. Clean fixtures, trim, and strainers using manufacturer's recommended cleaning methods 

and materials. 
 
3.6 PROTECTION 

 
A. Provide protective covering for installed fixtures, water coolers, and trim. 
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B. Do not allow use of fixtures for temporary facilities unless expressly approved in writing by 

the Owner. 
 
3.7 ROUGH-IN SCHEDULE (Refer to Drawings) 

 
3.8 MOUNTING HEIGHTS SCHEDULE 

 
Fixture Mounting Height 

 
Water Closet 15" floor to rim 
Wheelchair Water Closet 18" floor to rim 
Standard Urinals 22" floor to rim  
Adult Standard Water Cooler 40" floor to rim  
Wheelchair Water Cooler 35" floor to rim  
Adult Standard Drinking Fountains 40" floor to rim  
Wheelchair Drinking Fountain 35" floor to rim 

 

END OF SECTION 22 40 00 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                PLUMBING FIXTURES AND TRIM 22 40 05 - 1  

SECTION 22 40 05 - PLUMBING FIXTURES AND TRIM 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Special Conditions 

and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Furnish and install plumbing fixtures indicated on drawings or specified herein. 

 
B. All plumbing fixtures shall be "First Quality" as defined and set forth in Commercial 

Standard CS77-28 as promulgated by the U.S. Department of Commerce. All fixtures are 
to be white vitreous china unless otherwise specifically noted. Where enameled iron 
fixtures are specified, they shall be furnished with acid resisting enamel. 

 
C. Fixtures shall be properly protected from damage during construction and shall be cleaned 

in accordance with manufacturer's instruction under this section of the specifications. 
 

D. Fixtures and fittings proposed shall be from one manufacturer and of similar character in 
any room or location. Escutcheons, handles, etc., on the different fixtures shall be of the 
same design. 

 
E. The fixture numbers and types are scheduled on the drawings, and are used to indicate 

type and quality of fixtures desired. Acceptable fixture manufacturers are as follows: 
American Standard, Eljer and Kohler. Fixture manufacturers not listed herein will be 
considered subject to the general requirement outlined in Section 23 01 00 General 
Mechanical Provisions. 

 
F. Alternates may or may not substantially change scope and general character of the work; 

and must not be confused with "change orders", "substitutions", and other similar 
provisions. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division 22 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file 

names must be formatted with the specification section number followed by the title of the 
specification section. One file shall be provided for each specification section that requires 
submittals to be provided. 

 
PART 2 - PRODUCTS 

 
2.1 MATERIALS 
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A. Flush valves and water closet seats shall be as scheduled on the drawings. 
 

B. All exposed metal not otherwise specified shall be polished chromium on brass or bronze. 
All supply valves shall have renewable seats and discs. All hot and cold water supply to 
fixtures shall be provided with stops. Provide P-trap with cleanout for each lavatory and 
sink except as specifically noted. 

 
C. All seats shall be solid, white, open front seat with checking and self-sustaining, stainless 

steel hinge. 
 

D. Chair carriers and combination chair carriers and fittings shall be as scheduled on the 
drawings. 

 
E. Chrome-plated. Provide where exposed piping passes through finished surfaces. 

Escutcheons for extended sleeves shall be of the type designed for that purpose. 
 

F. Provide a concealed hanger type lavatory chair carrier with short foot mounted in the chase 
to support lavatories shown on walls of a chase. 

G. Provide through toggle bolts, 1/8" thickness steel backing plate, and wall hangers for 
support of lavatories on 6" or thicker concrete block walls. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Layout fixtures as indicated on the drawings. 

 
B. Carefully install fixtures in accordance with manufacturer's data with sufficient clearances 

to coordinate with accessories, specialties and equipment specified in other divisions of 
these specifications and/or as shown on the drawings. 

 
C. Hangers and carriers shall be installed in accordance with manufacturer's 

recommendations and in accordance with good practice and workmanship. 
 

D. Clean all exposed metal surfaces from grease, dirt, paint or other foreign material. 
 

E. Fixtures shall be properly protected from damage during construction and shall be cleaned 
in accordance with manufacturer's instruction under this section of the specification. 

 
F. Fixtures, chrome-plated piping, fittings and trim shall be polished before requesting 

acceptance of the system. 
 

END OF SECTION 22 40 05 
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SECTION 23 01 00 - GENERAL MECHANICAL PROVISIONS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section. 
 
1.2 SCOPE OF DIVISION 

 
A. Work shall include all materials, equipment and labor necessary for a complete and properly functioning 

mechanical installation in accordance with all applicable codes, and contract drawings and specifications. 
Work shall include all work specified in Division-22, Plumbing and Division-23, HVAC. 

 
B. Pay for all required licenses, fees, inspections and permits. 

 
1.3 RELATION TO OTHER WORK 

 
A. Work Not in Divisions 22 and 23: Related work not included in this division consists of requirements given in 

the following as may be included in the contract documents: 

1. Other divisions which may include work (such as concrete, steel, painting, ceiling systems, structure and 
other work) related to the work of Divisions 22 and 23. 

 
B. Work of Divisions 22 and 23: Any or all sections of Divisions 22 and 23 may include a paragraph or 

paragraphs under the heading, "Relation to other Work". Where such a paragraph is indicated and work 
directly related to the section is listed or described, such work shall be considered as relating directly to the 
indicated section. Any related work (directly related or otherwise) which may be omitted by reference from the 
"Relation to Other Work" paragraph of such section(s), shall be provided as necessary and required whether 
or not such work is included by reference. Such listing or description of related work within a section is given 
only as a convenience to the Contractor; omission of other related sections or described work does not in any 
way exclude the provision of such work. 

 
1.4 CODES 

 
A. Install all work in accordance with the latest edition of all applicable regulations and governing codes, 

including the regulations of the utility companies serving the project. 
 

B. Where a conflict in code requirements occurs the more stringent requirement shall govern. 
 
1.5 STANDARDS 

 
A. All equipment and devices shall bear U.L. label, the label of an industry recognized approved testing agency 

or A.G.A. certification for said item of equipment or device. 
 

B. All electrical devices must be U.L. approved. 
 
1.6 DRAWINGS 

 
A. Architectural and structural drawings take precedence over mechanical drawings with reference to the 

building construction. Mechanical drawings are diagrammatic and indicate the general arrangement and 
extent of work. Architectural drawings indicate more exactly the desired relationship between diffusers, 
registers, lighting fixtures, equipment, electric panels and devices, plumbing fixtures, and other items which 
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remain exposed in the completed building. Exact locations and arrangement of materials and equipment shall 
be determined, with the acceptance of the Architect/Engineer, as work progresses to conform in the best 
possible manner with the surroundings and with the adjoining work of other trades. Where locations of 
equipment, devices or fixtures are controlled by architectural features, establish such locations by referring to 
dimensions on Architectural drawings and not by scaling drawings. 

1.7 DISCREPANCIES 
 

A. In case of differences between drawings and specifications, or where drawings and specifications are not 
clear or definite, the subject shall be referred to Architect/Engineer for clarification and instructions. 

 
1.8 ELECTRICAL PROVISIONS 

 
A. Work of Divisions 22 and 23 shall include the electrical requirements which are indicated to be integral with 

mechanical work and which can be summarized to include (but not necessarily be limited to) the following: 
1. Motors. 
2. Motor starters. 
3. Wiring from mechanical equipment to electrical work termination (junction box or disconnect switch). 
4. Control switch, pilot lights, interlocks and similar devices. 
5. Electrical heating coils and similar elements in mechanical equipment. 
6. Electrical work specified in Division-23 for the HVAC control system. 
7. Drip pans to protect electrical work. 

 
B. Motors, Starters, Switches: Provide with all motorized mechanical equipment unless otherwise indicated. 

 
C. Drip Pans: Where possible, do not run mechanical piping directly above electrical (or electronic) equipment 

which is sensitive to moisture; otherwise provide drip pans under mechanical piping. Locate pan below piping, 
and extend 6" on each side of piping and lengthwise 18" beyond equipment. Fabricate pans 2" deep, of 
reinforced sheet metal with rolled edges and soldered or welded seams; 20 gage copper, or 16 gage steel 
with 2 oz. zinc finish hot dipped after fabrication. Provide 3/4" copper drainage piping, properly discharged. 

 
D. Motors: Unless specifically specified otherwise in the section covering the driven equipment (or the equipment 

drives), motors shall comply with the following: 
1. Three Phase: NEMA design B, three-phase, squirrel cage induction type designed for 1800 rpm 

synchronous speed for operation in 40oC ambient at 1.15 service factor at constant speed on the 
scheduled voltage. Motors shall be insulated with Class B insulation material and shall be cast iron, drip 
proof, horizontal foot mounted type with ball bearings. Two speed motors shall be provided as scheduled 
and shall be two winding type. 

2. Single Phase: Squirrel cage induction type designed for 1800 rpm synchronous speed for operation in 
40oC ambient at 1.15 service factor at constant speed on the scheduled voltage. Motors shall be 
insulated with Class B insulation materials and shall be two winding capacitor start type with steel 
enclosure, drip proof, horizontal foot mount and ball bearings. 

3. Electric motors which are designated to be high efficiency type shall also comply with the section 
describing high efficiency motors. 

 
E. Scheduled Horsepower: The horsepowers scheduled or specified are those nominal sizes estimated to be 

required by the equipment when operating at specified duties and efficiencies. In the case of pumps,  these 
horsepowers are non-overloading and may also include provisions for future planned impeller changes. If the 
actual horsepower for the equipment furnished differs from that specified or shown on the drawings, it shall be 
the Contractor's responsibility to insure that proper size feeders, breakers, starters, etc. are provided at no 
change in contract price. 

 
F. Any TEFC motors shall have Class F insulation. 

 
G. Drip proof protected motors shall have Class B insulation. 
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H. Manufacturer: Electric motors, complying with the requirements of this Section and the installation and 

performance requirements of the plans, by the following manufacturers or equal are acceptable: 
1. Reliance Electric 
2. Gould Electric 
3. General Electric 
4. Westinghouse 

 
1.9 ELECTRICAL/MECHANICAL WORK 

 
A. Definitions: Definitions for the purpose of mechanical/electrical control and power coordination are as follows: 

(Note: The use of the words, "Provide", "furnish" and "install" are intended only for use in describing the 
coordination indicated by this paragraph and do not necessarily have the same definitions 
when used outside of the context of this paragraph.) Any items which do not fall within the scope of this 
paragraph shall be coordinated as individually specified. 

1. "Furnish" means to procure an item and to deliver it to the project for installation. 
2. "Install" means to determine (in coordination with others as necessary) the appropriate intended location 

of an item and to set and connect it in place. 
3. "Provide" means to both furnish and install. 
4. Power Circuit: Circuit which carries main electric power to apparatus to which the power circuit is 

connected. 
5. Control Circuit: Circuit which carries electrical signals directing the performance of a controller but which 

does not carry the main electric power. (See NEC, Section 430-71.) Such circuits shall also include those 
which serve a dual control and power function (e.g., a line voltage thermostat circuit which both activates 
and powers a small fan motor). 

6. Controller: A device, or group of devices, which serves to govern, in some predetermined manner, electric 
power delivered to apparatus to which the controller is connected and includes any switch or device 
normally used to start and stop a motor. (See NEC, Article 100, Definitions, "Controller", and Section 430-
81(a).) 

7. Control Device: A device which reacts to an operating condition (pressure, temperature, flow, humidity, 
etc.) and which initiates transmission of an electrical control signal which causes operation of a controller 
or which causes operation of pressure switches, etc. 

8. Auxiliary Control Device: A device (such as a low voltage control transformer, electric relay, etc.) which is 
located in a control circuit and which carries or responds to (but does not initiate) an electrical control 
signal initiated by a control device. 

 
B. Work of Division-23 includes (but is not necessarily limited to): 

1. Provide: 

a. All controllers which are generally manufactured or shipped as integral with Division-23 equipment 
(such as starters packaged with air cooled chillers, etc.). 

b. All electric motors and other electrical power consuming equipment (such as electric air heating coils, 
electric boilers, electric hot water heaters, etc.) which are specified in Division 22 or 23. 

c. All control circuits (including conduit and boxes) from the Division-26 panels to point of use including 
the necessary circuit breakers. 

d. All other control circuits, including conduit and boxes. 
e. All control connections to equipment. 
f. All control connections to controllers, switches, motors and other mechanical systems electrical 

power consuming equipment (such as electric air heating coils, electric boilers, electric hot water 
heaters, etc.). 

g. Auxiliary control devices. 
h. All control devices (thermostats, pressure switches, flow switches, humidistats, etc.) and make control 

circuit connections thereto. 
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i. Any and all electronic and electric control devices and electric connections thereto. 
 

2. Furnish: 
a. All controllers which are generally manufactured and/or shipped as separate but companion items to 

Division-23 equipment (such as centrifugal chiller starters which are matched with the chillers but are 
not physically an integral part of the chiller assembly.) 

 
C. Work of Division-26 includes (but is not necessarily limited to): 

1. Provide: 

a. All power circuits, including conduit and boxes. 
b. All power connections to controllers, switches, motors and other mechanical systems electrical power 

consuming equipment (such as electric air heating coils, electric boilers, electric hot water heaters, 
etc.). 

c. All remote motor disconnects (remote from the related controller) at all locations required by NEC and 
connections thereto except those disconnects which are specified in Division-23 to be provided as 
part of the equipment itself. 

d. All controllers (except those which are generally manufactured or shipped as separate but companion 
items to Division-23 equipment such as centrifugal chiller starters). 

 
2. Install: 

a. All controllers which are generally manufactured and/or shipped as separate but companion items to 
Division-23 equipment (e.g., chiller starters). 

1.10 AUXILIARIES AND ACCESSORIES 
 

A. Include all auxiliaries and accessories for complete and properly operating systems. 
 
1.11 INVESTIGATION OF SITE 

 
A. Check site and existing conditions thoroughly before bidding. Advise Architect/Engineer of discrepancies or 

questions noted before bidding. 
 
1.12 ASBESTOS 

 
A. Should asbestos, or any other hazardous waste material, be encountered during the execution of the work, or 

should the presence of asbestos or any other hazardous material be suspected, immediately notify the Owner 
and suspend all work in the affected area. The Owner will activate an assessment study to determine the 
presence of asbestos, or other hazardous material, and evaluate what condition it is in. Removal of asbestos, 
or other hazardous material, if required, will be conducted by a qualified Contractor, and will be done under 
separate contract. 

 
1.13 COORDINATION 

 
A. Provide all required coordination and supervision where work of this division connects to or is affected by 

work of others. 
 
1.14 PROVISIONS FOR OPENINGS 

 
A. Provide all openings required for work performed under Division-23. Provide sleeves or other approved 

methods to allow passage of items installed under any Section of Division-23. 
 
1.15 INTERRUPTION OF EXISTING SERVICES 

 
A. Any interruption of existing services shall be coordinated in advance with the Owner's Representative. 
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Shutdown time and duration of critical services shall be decided by the Owner. Contractor shall provide 
shutoff valves at point of tie-in to minimize downtime. 

 
1.16 CLEANING AND PROTECTION 

 
A. Ductwork: Keep the interior of the duct system free from dirt and rubbish and other foreign matter. All  fan 

motors, switches, and other items, shall also be protected from dirt, rubbish and other foreign matter during 
building construction. Thoroughly clean all components of the ductwork and remove all dirt, scale, oil and 
other foreign substances which may have accumulated during the installation process. 

 
B. Equipment: All mechanical equipment provided shall be thoroughly cleaned of all dirt, oil, concrete, etc. Any 

dents, scratches or other visible blemishes shall be corrected and the appearance of the equipment made 
"like new" and to the satisfaction of the Architect/Engineer. 

 
C. Upon completion, and before final acceptance of the work, all debris, rubbish, leftover materials, tools and 

equipment shall be removed from the site. 
 

D. Protection of Work Until Final Acceptance: Protect all materials and equipment from damage, entrance of dirt 
and construction debris from the time of installation until final acceptance. Any materials and equipment which 
are damaged shall be repaired to "as new" condition or replaced at the direction of the Architect/Engineer. 
Where factory finishes occur and damage is minor, finishes may be touched up. If, in the opinion of the 
Architect/Engineer the damage is excessive, factory finish shall be replaced to "new" condition. 

 
1.17 SHOP DRAWINGS 

 
A. Submit shop drawings for all items, services and systems included in the project. 

 
B. Shop drawings shall clearly show the following: 

1. Technical and descriptive data in detail equal to or greater than the data given in the item specification. 
Indicate all characteristics, special modifications and features. Where performance and characteristic data 
is shown on the drawings or specified, submitted data shall be provided in a degree which is both 
quantitatively and qualitatively equal to that specified and shown so that comparison can be made. 
Present data in detail equal to or greater than that given in item specification and include  all weights, 
deflections, speeds, velocities, pressure drops, operating temperatures, operating curves, temperature 
ranges, sound ratings, dimensions, sizes, manufacturers' names, model numbers, types of material used, 
operating pressures, full load amperages, starting amperages, fouling factors, capacities, set points, 
chemical compositions, certifications and endorsements, operating voltages, thicknesses, gauges and all 
other related information as applicable to particular item. 

2. Exceptions to or deviations from the contract documents. Should Architect/Engineer accept any items 
having such deviations which are not clearly brought to Architect/Engineer's attention, in writing, on item 
submittal, then Contractor is responsible for correction of such deviations regardless of when such 
deviations are discovered. 

 
C. Additional Requirements: See specific sections of the Specifications for any additional requirements. 

 
1.18 SHOP DRAWINGS TECHNICAL INFORMATION SUBMITTALS 

 
A. All submittals are to be submitted electronically in the form of PDF. Electronic submittal file names must be 

formatted with the specification section number followed by the title of the specification section. One file shall 
be provided for each specification section that requires submittals to be provided. 

 
B. A cover page shall have adequate space for Contractor, Subcontractor and Engineer review stamps and 

indicate the following minimum data: 
 

1. Project Name 
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2. Project Address 
3. Contractor Name 
4. Subcontractor Name 
5. Specification Section Number 
6. Specification Section Name 
7. Submittal Date 

 
C. All shop drawings and equipment submittals shall be submitted complete based on specification division. 

Partial submittals of each specification section will not be accepted. 
 

D. All submittals shall have been reviewed for compliance Contractor and associated subcontractor prior to 
submission to the Engineer. A stamp bearing the name of the reviewer and date review was completed shall 
be on the cover page of the submittal. 

 
E. Submittal data shall be logically grouped based on equipment tags or like material. For submittals that contain 

data on multiple materials or equipment, it shall be clearly noted by equipment tag or applicable material. 
 

F. Manufacturer’s data indicating multiple options or choices shall be clearly noted as to what is applicable to the 
material and equipment being provided. Information not applicable should be struck through or extracted. 

 
1.19 SHOP DRAWINGS FOR PIPING SYSTEMS AND DUCT SYSTEMS 

 
A. Shop drawings for piping systems and duct systems shall be done on reproducible transparencies and shall 

be of sufficient scale to verify clearances and equipment locations. Shop drawings shall show all required 
maintenance and operational clearances required. Cost of shop drawing preparation and reproduction shall 
be borne by the Contractor. Title drawings shall include identification of project and names of Architect, 
Engineer, Contractor, subcontractor and/or supplier, date, be numbered sequentially and shall indicate the 
following: 

 
1. Architectural and structural (as required) backgrounds with room names and numbers, etc., including but 

not limited to plans, sections, elevations, details, etc. 

a. Fabrication and Erection dimensions. 
b. Arrangements and sectional views. 
c. Necessary details, including complete information for making connections with other work. 
d. Kinds of materials and finishes. 
e. Descriptive names of equipment. 
f. Modifications and options to standard equipment required by the contract. 

B. Also provide shop drawings, using architectural reflected ceiling plans, which indicate locations of the 
following (to be verified by Contractor): Air distribution devices, sprinkler heads, lights, access panels,  fire 
alarm, speakers, projectors or any system device intended to be installed in the ceiling. 

 
C. See specific sections of specifications for further requirements. 

 
1.20 AIR HANDLING UNIT AND DUCTWORK CONFIGURATION SHOP DRAWINGS 

 
A. Contractor shall submit a shop drawing for each air handling unit. Such shop drawings shall meet the 

following requirements: 

1. Be drawn at not less than a scale of 1/4" = 1'-0". Contractor may elect to use a larger scale if he desires 
(i.e., if drawing of unit is at 1/4" = 1'-0", 1/2" = 1'-0" may be used.). 

2. Clearly show all proposed ductwork configuration changes (sizes, routing, and similar differences) which 
are different in any respect from the Drawings. Extent of shop drawings shall show all ductwork to and 
from each unit beginning with and terminating at those points where ductwork is intended to remain 
unchanged as shown on Drawings. 
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3. Where proposed changes affect any other work such as structure, housekeeping pads, piping, 
equipment, electrical work or any other work, shop drawings shall clearly show those proposed changes. 

4. Proposed changes shall be at no additional change in contract price. 
5. Where Drawings show units in plan only, shop drawings shall show proposed units in plan and also in 

elevation. 
6. Shop drawings shall also show exact locations of related work (such as bar joists, columns, beams, 

sound attenuators, and like items) which affect the proposed ductwork routing and unit location and 
configuration. 

7. Each section of each air handling unit shall be clearly identified (i.e., coil section, fan section, filter section, 
mixing box section, etc.). 

 
B. Failure to submit these shop drawings together at the same time with the air handling unit shop drawings will 

result in total disapproval of the proposed air handling units. Time delays or other reasons will not be 
considered. 

 
1.21 ELECTRONIC FILES 

 
A. CADD files will be available on a limited basis to qualified firms at the Architects prerogative. Recipients are 

cautioned that these files may not accurately show actual conditions as constructed. Users are responsible to 
verify actual field conditions. These files are not intended to be used as shop drawings. 

 
1.22 OPERATING INSTRUCTIONS 

 
A. Submit for checking a specific set of written operating instructions on each item which requires instructions to 

operate. After acceptance, insert information in each Technical Information Brochure.  Refer also to other 
sections which may describe operating instructions. 

 
1.23 MAINTENANCE INFORMATION 

 
A. Submit for acceptance Maintenance Information consisting of manufacturer's printed instruction and parts lists 

for each major item of equipment. After acceptance, insert information in each Technical Information 
Brochure. Refer also to other sections which may describe maintenance. 

 
1.24 MANUFACTURER'S CHECK-OUT 

 
A. Check out by Manufacturer's Representative (for major items of equipment): At completion of construction 

and after performance verification information as above-mentioned has been gathered, submitted and 
accepted, provide one copy of this information to the manufacturer's representative. Work required under this 
section shall include having the representative examine the performance verification information, check the 
equipment in the field while it is operating, and sign a Check-Out Memo for record. Submit a copy of the 
memo on each major item of equipment for each brochure. Accepted memos shall be inserted on each 
brochure with the performance verification information and submittal data. Memos shall be submitted and 
accepted before Instruction in Operation to Owner or a request for final inspection. 

1.25 SYSTEM COMMISSIONING 
 

A. Provisions shall be made for the commissioning of the building’s mechanical system in accordance with 
section C408 of the Florida Energy Code. 

 
1.26 SYSTEM GUARANTEE 

 
A. The work required under Division-23 shall include a one year guarantee. This guarantee shall be by the 

Contractor to the Owner to replace for the Owner any defective workmanship, equipment, or material which 
has been furnished under this Contract at no cost to the Owner for a period of one year from the date of 
acceptance of the System. This guarantee shall also include reasonable adjustments of the system required 
for proper operation during the guarantee period. Explain the provisions of guarantee to Owner at the 
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"Instruction in Operation Conference". 
 
1.27 INSTRUCTION TO OWNER 

 
A. Submit all required items for checking one week before final inspection of the building is scheduled. When all 

items are accepted and placed in the proper brochures, the Contractor shall give notice in writing that he is 
ready to give the Owner an "Instruction in Operation Conference". After the above mentioned request is 
received the Contractor will be notified of the time the conference can be held with the Owner. At the 
conference, the Contractor shall review with the Owner all appropriate information. At the end of the 
conference, seven copies of a memo certifying Instruction in Operation and Completed Demonstration shall 
be signed by the Contractor, Subcontractor and Owner and one copy inserted in each brochure. 

 
1.28 MATERIALS AND EQUIPMENT 

 
A. Each bidder represents that his bid is based upon the materials and equipment described in this division of 

the specifications. 

1. Submittal shall include the name of the material or equipment for which it is to be substituted, substituted 
equipment model numbers, drawings, cuts, performance and test data and any other data or information 
necessary for the Architect/Engineer to determine that the equipment meets all specification and 
requirements. If the Architect/Engineer accepts any proposed substitutions, such acceptance will be set 
forth in writing. 

2. Substituted equipment with all accessories installed or optional equipment where permitted and accepted, 
must conform to space requirements. Any substituted equipment that cannot meet space requirements, 
whether accepted or not, shall be replaced at the Contractor's expense. Any modifications of related 
systems of this or other trades as a result of substitutions shall be made at the Contractor's expense, and 
Contractor shall so state in his written request for substitution. 

 
1.29 ACCEPTABLE MANUFACTURERS 

 
A. Acceptable Manufacturers: Materials and Equipment specified in these contract documents are accepted only 

in regards to general performance and quality. It shall be the Contractor's responsibility to insure that 
acceptable materials and equipment meet or exceed the efficiencies, capacities, electrical characteristics, 
performance and quality of the equipment herein specified. Acceptable equipment must also generally 
conform, without extensive modification of related systems to the accessories, weights, space and 
maintenance requirements, etc., of the specified equipment. Any modification to related systems of this or 
other trades shall be made at the Contractor's expense and the Contractor shall be responsible for 
coordination between trades. Any difference in capacity, efficiency, electrical characteristics, weights or 
quality of product, etc., between specified materials and equipment and acceptable alternates shall be 
submitted to the Architect/Engineer for acceptance within 30 days of Notice to Proceed. 

 
PART 2 - PRODUCTS 

 
2.1 Section part not applicable. 

 
PART 3 - EXECUTION 

 
3.1 Section part not applicable. 

 

END OF SECTION 23 01 00 
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SECTION 23 05 00 - BASIC MECHANICAL MATERIALS AND METHODS 
 

PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section, in addition to the following: 
 
1.2 SCOPE 

 
A. Materials listed herein are general mechanical materials to be used under the Division 22 and 23 sections of 

the specifications unless specifically noted otherwise in the particular section or on the drawings. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 22 and 23 and to all other applicable portions of the Drawings and Specifications. This section relates 
to all sections of Division 23 as may be applicable to the work of each section. 

 
1.4 STANDARDS 

 
A. Quality and weight of materials shall comply with requirements and specifications of the appropriate 

standards of the American Society of Testing and Materials. 
 

PART 2 - PRODUCTS 
 
2.1 MATERIALS AND EQUIPMENT, GENERAL 

 
A. All materials and equipment shall be new and without blemish or defect. 

 
B. Equipment and materials shall be products which will meet with the acceptance of the agency inspecting the 

work. Where acceptance is contingent upon having the products examined, tested and certified by 
Underwriters Laboratory or other recognized testing laboratory, the product shall be so examined, tested and 
certified. 

 
C. Where no specific indication as to the type or quality of material or equipment is indicated, a standard item or 

system shall be furnished with all options, features and capabilities to meet the project requirements. 
 

D. Performance and Capacity: 

1. Performance as delineated in schedules and in the specifications shall be interpreted as minimum 
performance. In some cases equipment may be sized to allow for future requirements or for other reasons 
which may not be stated on the Drawings or in the Specifications; provide equipment and systems with 
the capacities, capabilities and features indicated to provide the maximum or minimum (as appropriate) 
conditions. 

 
E. Operating conditions and capacities must be as follows: 

1. No overloading. 
2. No operation at conditions outside of maximum and minimum limits recommended by the manufacturer 

and accepted by the Architect/Engineer. 
3. Compatible with all systems. 
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F. Unless otherwise specified, all equipment and materials furnished must be as follows: 
1. Recommended by the manufacturer for the application. 
2. Installed in accordance with the manufacturer's recommendations for the application except where 

specifications and drawings clearly indicate otherwise. 
 
2.2 ACCESS DOORS AND PANELS 

 
A. Locations: Provide access doors and panels (access units) as necessary for access to items which are 

concealed and which may require service or maintenance or other reason for accessibility. Examples of 
such items include, but are not limited to, the following: valves, cleanouts, pipe unions, expansion joints and 
connectors, dampers, coils, junction boxes, duct heaters, terminal units, HVAC control system devices and 
similar types of items. 

 
B. Access units: Shall be manufactured by the Milcor Division of Inland-Ryerson, Boico, Nystrom or 

Ventfabrics. Types are as follows (Milcor style designations are used for example only): 
 

Location Door/Panel Type 
Drywall Style "DW" 
Masonry or tile Style "M-stainless" 
Acoustical tile Style "AT" 
Plaster Style "K" 
Fire-rated walls Style "Fire Rated"** 
(**or as indicated below) 

 
C. Fire Rated Units: 

1. Frame and panel assembly shall bear a U.L. label reading, "frame and door assembly, rating 1-1/2- hour 
(B), temperature rise 30 minutes 250oF maximum". 

2. Have an automatic closing device and mechanism to release the latch bolt from the inside. 
3. Acceptable Manufacturers: Boico Style F, Inryco/Milcor Style VA, Nystrom Style APFR. 

 
D. Non-fire Rated Units: 

1. Steel panels and frames. 
2. Locks and latches shall be as appropriate for the location and shall be cam-lock type latches, flush screw 

driver operated locks or cylindrical locks. 
3. Provide two keys for all doors. All doors shall be keyed the same. 

 
E. Other Requirements: 

1. Doors and panels installed in glazed or ceramic tiled surfaces, in toilet rooms or in kitchens shall be 
stainless steel. 

2. Unless otherwise indicated, finish shall be rust inhibitive prime coat. 
 

F. Sizes: 

1. Minimum size: 8" x 8". 
2. Sizes of each unit shall be individually selected to allow the recommended and required service and 

maintenance and accessibility functions to be accomplished. These functions shall generally include, for 
example, valve removal, damper linkage resetting, control adjustment, lubrication, repair, replacement 
and similar tasks as may be necessary and recommended for the concealed item. 

3. Sizes shall be of the following increments (unless otherwise approved) to allow the accessibility function 
to be accomplished: 8" x 8", 8" x 12", 12" x 12", 12" x 16", 16" x 16", 16" x 24", 24" x 24", 24" x 36", 30" x 
30", 36" x 36" or 36" x 48". 

4. No size smaller than 16" x 24" shall be allowed when a person must pass through the access opening in 
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order to accomplish the desired accessibility function. 
5. Every attic or furred space in which mechanical equipment is installed shall be accessible by an opening 

and passageway as large as the largest piece of the equipment and in no case less than 22 x 
36 inches continuous from the opening to the equipment and its controls. The opening to the passageway 
shall be located not more than 20 feet from the equipment measured along the center line of such 
passageway. 

 
2.3 PAINTING AND MARKING 

 
A. All paint and materials used for painting shall be manufacturer's "first quality" product. For additional paint 

material requirements, refer to Section 09 91 01, Painting. 
 

B. Marking: Refer also to sections describing identification of mechanical systems. 
 
2.4 PIPE HANGERS AND SUPPORTING DEVICES 

 
A. General: Refer to other sections of Division 23 for any requirements which may be additional to this section. 

Comply with the more stringent requirement if more than one method is specified or shown. 
 

1. Pipe supporting devices specified herein shall apply to all Division 22 and 23 piping unless modified in 
subsequent sections of Division 22 and 23 (i.e., vibration isolation) or detailed on the drawings. Pipe 
hangers for copper pipe shall be copper or copperplated and for steel pipe shall be zinc-plated, clevis 
type hangers. 

2. Hangers for pressure piping shall be clevis type or accepted as equivalent. Pipe hangers shall be capable 
of vertical adjustment after erection of the piping. Piping shall not be hung from fire and/or smoke walls. 

3. Vertical piping supports shall be constructed of carbon steel with rounded ears and two or four holes for 
clamping bolts. Steel, galvanized and cast iron piping riser clamps shall have galvanized finish. Copper 
and brass piping riser clamps shall have electro-plated copper or PVC coating finish. 

4. Acceptable Manufacturers are Grinnell, PHD Manufacturing Inc., Fee and Mason, Michigan and Elcen. 
 

B. Beam clamps may be used when supporting piping from steel structures. 
 

C. Concrete inserts shall be placed in forms as work of Division 22 and 23 prior to the time that concrete is 
poured. 

 
D. Lead tamp-ins may be used when installed in a concrete or masonry wall or other like vertical surface to 

support a vertical hanger. Lead tamp-ins will not be permitted to support hangers to the underside of a 
concrete slab. 

 
E. For parallel runs of above ground suspended piping, an acceptable trapeze-type hanger may be used. 

Provide permanent, non-conductive type wrapping between copper pipe and steel trapeze hangers. 
 

F. Powder set type fasteners or inserts shall not be used. 
 
2.5 FLOOR, WALL OR CEILING PLATES OR ESCUTCHEONS IN EXPOSED AREAS 

 
A. Shall be chrome-plated. Escutcheons for extended sleeves shall be of the type designed for that purpose. 

Split ring escutcheons will not be allowed. 
 

B. Escutcheons to be as manufactured by Guarantee Specialty Mfg. Co., Cleveland, Ohio; American Sanitary 
Mfg. Co., Abingdon, Ill., or Beaton Cadwell. 

 
C. Provide escutcheons or fabricated plates or collars at each location where pipe or duct passes through a 

finished surface. Escutcheons for flush sleeves shall be equivalent to Benton & Caldwell No. 3A chromium 
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plated brass; for sleeves extending above floor shall be equivalent to Benton & Caldwell No. 36 chrome 
plated brass. Collars or plates for ducts and large diameter insulated pipe shall be fabricated of 18 gage 
galvanized copper bearing sheet steel, secured to structure and neatly fitted around duct or pipe. 

 
2.6 SLEEVES 

 
A. General: Lay out work and set sleeves in new or existing construction so that minimum cutting, drilling and 

patching is required. Seal all sleeves not used during construction period with grout. Seal unused 
penetrations and sleeves through fire rated barriers to prevent passage of smoke and heat using an 
Underwriters' Laboratories approved method; sealing method must be rated at least equivalent to the barrier 
being penetrated. Submit proposed method to show proof of UL approval. 

 
B. Pipe Sleeves, Special Considerations: The following conditions require pipe sleeves as indicated: 

1. Where subject to hydrostatic pressure: Sleeves installed in walls and floors subject to hydrostatic (water) 
pressures shall be "Link Seal" (Thunderline Corp) Type WS or accepted as equivalent. 

2. Where piping is existing: When fire rated walls are to be erected where there is existing piping, provide 
Proset fire rated split wall system pipe sleeves, or accepted equivalent. 

3. Where penetration is part of air duct or plenum system: Do not use plastic pipe for sleeves where floor 
being penetrated is part of an air plenum so that no fire or smoke hazard is introduced by use of plastic. 

4. Where penetration is through fire rated barriers: Provide mild steel sleeves for penetrations of fire rated 
barriers. 

 
C. Pipe Sleeves in Walls and Partitions: 

1. Sleeves Above Grade: Use schedule 40 mild steel pipe or schedule 80 CPVC pipe. Provide sleeves built 
into wall, partition or beam of size to allow penetration by carrier pipe and insulation covering with not less 
than 1/4 inch minimum clear space between outer surface of carrier pipe covering (or carrier pipe surface 
if no covering is provided) and inner surface of sleeve. 

2. Sleeves Below Grade in Exterior Walls: Schedule 40 steel hot dipped galvanized after fabrication or cast 
iron sleeve with not less than 1/4-inch x 3-inch center flange (water stop) around the exterior face of the 
wall. 

3. Penetrations of fire rated barriers shall have only mild steel sleeves; plastic is not allowed. 
 

D. Pipe Sleeves in Floors Above Grade: Use schedule 40 mild steel pipe or schedule 80 CPVC pipe. Provide 
sleeves built into wall, partition or beam of size to allow penetration by carrier pipe and insulation covering 
with not less than 1/4 inch minimum clear space between outer surface of carrier pipe covering (or carrier 
pipe surface if no covering is provided) and inner surface of sleeve. Set sleeves before floor is poured; extend 
not less than ½-inch above finished floor. 

 
E. Pipe Sleeves in Floors on Grade: Sleeves shall be Schedule 40 steel or Schedule 80 CPVC plastic. Set 

sleeves before floor is poured. Size sleeves to allow penetration by carrier pipe and insulation covering with 
not less than 1/4 inch minimum clear space between outer surface of carrier pipe covering (or carrier pipe 
surface if no covering is provided) and inner surface of sleeve. Extend sleeve not less than ½ inch above 
finished floor. 

 
F. Duct Sleeves: Sleeves or openings sized to pass mechanical ducts and covering shall be of framed steel 

construction in roof, wall, and partitions. 
 

G. Sealing of Sleeves: 

1. Pipe Sleeves Below Grade and On Grade: Caulk annular space between pipe and sleeve using approved 
caulking material to a minimum one inch deep. Result shall be a water tight and vermin proof penetration. 

2. Pipe and Duct Sleeves Above Grade: Openings around pipes, ducts and other conduit passing through 
sleeves shall be made draft free and vermin-proof by solidly packing with mineral wool or fiberglass or by 
other such approved method. 

3. Pipe and Duct Sleeves Through Fire Rated Barriers: All penetrations through fire rated barriers (both 
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walls and floors) shall comply with Division-07 or be as specified in this Division. 
 
2.7 FIRE/SMOKE RATED FLOOR, PARTITION OR WALL PENETRATION SEALANT 

 
A. Seal shall be composed of fire barrier product, putty, or caulking materials used either in combination or 

singularly. Acceptable Manufacturers are 3M Corporation or Dow Corning. 
 
2.8 EXCAVATION AND BACKFILL 

 
A. Provide as necessary to accomplish work specified. Perform in accordance with applicable State and Local 

codes and accepted good practice and in accordance with other applicable sections or divisions. 
 
2.9 BELT DRIVES 

 
A. General: Equip each motor driven machine not direct connected with V-belt drive.  Belts shall be of  correct 

cross section to fit properly in sheave grooves and shall be carefully matched for each drive. Sheaves shall be 
cast iron or steel, bored to fit properly on shafts and secured with keys of proper size. The rating of each drive 
shall be as recommended by manufacturer for service but shall be at least 1.5 times nameplate rating of 
motor. 

 
B. Speed Adjustment: Adjust fan speed by change(s) in sheave size as necessary to obtain proper design air 

flow with fan in its installed location. Fans may be first fitted with variable pitch drives until proper speed 
adjustment is made and then fitted with proper fixed pitch drive size, or alternate sizes of fixed pitch drives 
may be used until proper fan needed to deliver necessary air quantity. 

 
C. Vibration of Air Handling Equipment and Fan Units: For air handling equipment and fans driven by motors 5-

hp or greater, field vibration levels will not be acceptable if the maximum vibration velocity or displacement 
measurement exceeds the following values (when measurements are taken at the bearing supports using a 
vibration analyzer with the filter set at the operating fan speed): 

 
Fan Speed 
(RPM) Maximum Vibration Level 

 
800 or Less 5 Mils (0.127 mm) max. displacement 
801 and Greater 0.20 in/sec. (5 mm/s) max. velocity 

D. Belt and Coupling Guards: Each belt drive shall be equipped with an OSHA approved guard. Guards shall be 
constructed of #12 U.S. standard gage 3/4-inch diamond mesh wire screen, or equivalent, welded to one inch 
steel angle frames, and shall enclose all belts and sheaves. Tops and bottoms of guards shall be of 
substantial sheet metal or not less than #18 U.S. standard gage. Braces or supports must not "bridge" sound 
and vibration isolators. Guards shall be designed with adequate provision for movement of motor required to 
adjust belt tension. Means shall also be provided to permit oiling, use of speed counters, and other 
maintenance and testing operations with guard in place. All direct drive equipment shall have coupling guards 
in accordance with Florida Department of Business Regulation safety regulations and OSHA. 

 
2.10 BEARINGS 

 
A. All bearings shall be 200,000-hour rated unless otherwise specified. 

 
PART 3 - EXECUTION 

 
3.1 EQUIPMENT ACCESS 

 
A. Access Doors and Panels: 

1. Locations: Provide access unit at the following locations. 
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a. Where additionally specified in other sections of this Divisions 22 and 23 and where specifically 
indicated on the drawings. 

b. Where not specifically indicated on the drawings but where the work to be provided will require 
accessibility for purposes as described or as recommended by the manufacturer of the concealed 
item. 

c. At all locations where concealed equipment, water or electrical coils, dampers, fixtures, devices and 
similar items require accessibility for service, inspection, maintenance, repair, replacement and where 
such concealed item would not otherwise be accessible for such functions without the provision of an 
appropriately sized access unit. 

 
B. Installation: 

1. Definitions: For the purpose of coordination of responsibility, the following words are defined to 
describe the intended coordination. 
a. "Furnish" means to procure an item and deliver it to the project for installation. 
b. "Install" means to determine (in coordination with others as necessary) the intended appropriate 

location of an item and to set, connect and otherwise fix in place in a manner to allow intended 
operation and use. 

c. "Provide" means to both furnish and install fully and completely in all aspects. 
 

2. Furnishing Access Units: Access units shall be furnished as work of the Division which governs the item 
which is intended to be made accessible by the access unit. 

3. Installing Access Units: Access units shall be installed as work of the Division which governs the 
surface, barrier, partition or other building component in and on which the access unit is to be placed. 

4. Determination of Locations: 
a. Where the work of Divisions 22 or 23 requires that the access unit be provided (i.e., both furnished 

and installed), then the responsibility for determination of the location at which the access unit is to be 
placed is also work of Divisions 22 and 23. 

b. Where the work of Divisions 22 or 23 requires that access unit be furnished for installation as work of 
another Division, then the responsibility for determination of the location at which the access unit is to 
be installed shall be work of Divisions 22 and 23. Conversely, where the work of one Division requires 
that an access unit be only installed, then the responsibility for determination of the location of which 
the access unit is to be installed shall be work of Divisions 22 or 23 which furnishes the access unit. 

 
5. Determination of Sizes: 

a. Unless an access unit size is indicated on the drawings or otherwise specified, the size of each 
access unit shall be determined as work of the Division which either provides or furnishes the access 
unit. 

b. Sizes for access units which are provided or furnished as work of this Division shall be in compliance 
with sizing criteria of this Division. 

3.2 HANGERS AND INSERTS 
 

A. Refer also to other sections which may describe additional requirements for hanging and supporting. Comply 
with the more stringent requirement if more than one method is specified or shown. 

 
B. Provide and properly locate hangers to adequately support piping and equipment. Arrange hangers to permit 

expansion and contraction. 
 

C. The size of hanger for non-insulated pipes shall be suitable for pipe size to be supported. For insulated piping, 
the size of the hanger shall be suitable for the pipe size, plus the insulation and a 16-gauge half- circle 
galvanized sheet metal insulation saddle. 

 
D. Pipe supports for piping 2" diameter and below may be supported directly from Epicure steel decking using 

Epicure standard hangers (200 lb. max. load). Piping above 2" shall be supported from steel beams. 
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E. Locate pipe supports as follows unless noted in other sections of these specifications or on the drawings: 
1. Horizontal cast iron pipe inside building - supported on each length of pipe. 
2. Vertical cast iron pipe inside building - supported at each floor level and at the base. 
3. Horizontal steel piping and copper tubing 1" diameter and under - support on 6' centers. 
4. Horizontal steel piping and copper tubing above 1" through 1-1/2" diameter - support on 8' centers. 
5. Horizontal steel piping and copper tubing larger than 1-1/2" diameter -support on 10' centers, except 24" 

diameter piping shall be supported by main roof beams (20' O.C. maximum). 
6. Support vertical cast iron, steel and copper piping at each floor penetration not to exceed 20 foot 

intervals. 
 
3.3 ANCHORS 

 
A. Install a suitable anchor on piping to prevent movement from expansion and contraction by welding or 

clamping securely to pipe at fitting or coupling. Approval of the Architect/Engineer of method  of anchorage 
must be obtained before installation of work. Properly anchor piping to remove strains on equipment which 
would be caused by expansion and contraction. Adequately insulate anchors on piping, with operating fluid 
temperatures below 75oF, to prevent moisture condensation problems. 

 
3.4 EXPANSION AND CONTRACTION PROVISIONS 

 
A. Piping is designed with offsets and loops to provide for expansion and contraction. At such points, piping shall 

be cold sprung to equalize expansion when at operating temperatures. Install piping to maintain grade at all 
operating temperatures. 

 
3.5 FLASHING 

 
A. Flashing shall be done as work of other divisions. 

 
3.6 SLEEVES FOR PIPING 

 
A. Provide sleeves for all piping where pipe penetrations in walls, floors or other building structure are required. 

Sleeves in poured concrete shall have water tight seams and joints. 
 

B. Extend sleeves through walls, partitions and ceilings to finished surface. Extend sleeves through finished 
floors to not less than 1/4 inch above finished surface. Extend sleeves in concrete floors in chases to not less 
than 1 inch above floor top surface. Sleeves installed above finished ceilings as part of fire/smoke rated wall 
assemblies shall extend not less than 1" beyond both wall faces. 

 
C. Provide sleeves of adequate size to permit clearance for pipe movement and proper grading and sloping of 

pipes. Provide sleeves for insulated pipe of adequate size to clear insulation. 
 

D. Caulk space between sleeve’s inner surface and pipe’s outer surface (including insulation surface if pipe is 
insulated) with approved with fire rated safing material. Provide flexible fire retardant sealant if pipe is subject 
to expansion or contraction. Final result shall be an approved fire and smoke stop at pipe and sleeve 
assembly. 

 
E. Sleeves in walls and slabs subject to hydrostatic pressures shall be water tight at twice the hydrostatic 

pressure expected to be encountered at the location of the penetration. 

3.7 SLEEVES FOR DUCTWORK 
 

A. Ductwork sleeves shall be provided in accord with current SMACNA recommendations or as otherwise 
detailed on Drawings. Refer also section describing duct systems. 

 
3.8 ESCUTCHEONS 
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A. Provide chrome plated brass escutcheons (for 1/4 or 1 inch projecting sleeves as required) at each point 

where an uninsulated pipe passes thru a finished surface. 
 
3.9 CONCRETE BASES AND STRUCTURAL STEEL 

 
A. Concrete bases and structural steel to support equipment and piping installed under each specification 

section or division and not specifically shown on the structural or architectural plans shall be furnished for this 
work. 

 
3.10 SEALANT 

 
A. Fire/smoke sealant shall be installed in strict compliance with the manufacturer's installation instructions. 

 

END OF SECTION 23 05 00 
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SECTION 23 05 10 - HVAC DEMOLITION AND ALTERATIONS 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section includes: 

1. Disconnection of mechanical equipment in selected portions of building or structure. 
2. Demolition and removal of selected mechanical components. 
3. Salvage of existing items to be reused or recycled. 

 
B. Related Requirements: 

1. Division 01 Section "Cutting and Patching.” 
2. Division 02 Section “Selective Structure Demolition” for sequencing and scheduling 

procedures and requirements for demolition activities. 
 
1.3 JOB CONDITIONS 

 
A. Perform all demolition as needed to accomplish new work. 

 
B. Do not rely solely on mechanical drawings to determine extent of general construction 

demolition. Refer to architectural demolition plans for the exact extent of general 
construction demolition required by this contract. 

 
C. This Contractor is responsible for all charges, fees etc. incurred as a result of the mechanical 

portion of the demolition. 
 

D. Prior to demolition or alteration of structures, the following shall be accomplished: 

1. Review available record documents of the existing construction. Owner does not 
guarantee that existing conditions are same as those indicated in record documents. 

2. Coordinate sequencing with Owner and other Contractors. 
3. Coordinate means to separate construction zones from non-renovated zones to 

prevent the spread of dust, fumes and debris. 
4. Coordinate means to provide exhaust and makeup air to maintain the construction 

zone at an adequate negative pressure to contain all construction dust and fumes. 
5. Except as noted otherwise, remove from the premises, all materials and equipment 

removed in the demolition work. 
6. Equipment noted to be removed and turned over to the Owner, shall be delivered to 

the Owner at a place and time he so designates. 
7. Where the materials are to be turned over to the Owner or reused and installed by the 

Contractor, it shall be the Contractor's responsibility to maintain the condition of the 
materials and equipment equal to that existing before work began. Damaged materials 
or equipment shall be repaired or replaced at no additional cost to the Owner. 
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8. Survey and record condition of existing facilities to remain in place that may be affected 
by demolition operations. After demolition operations are completed, survey conditions 
again and restore existing facilities to their pre-demolition condition, at no additional 
cost to Owner. 

9. Salvage equipment scheduled for reuse in new work or scheduled to be delivered to 
Owner's storage facility. 

 
PART 2 - PRODUCTS 

 
Not used. 
 
PART 3 - EXECUTION 

 
3.1 DEMOLITION 

 
A. Existing mechanical equipment in conflict with new construction shall be removed and/or 

relocated as indicated on the drawings, as directed or needed. This Contractor shall remove 
all mechanical equipment released from service as a result of construction, and no equipment 
removed shall be reused, except as specifically directed on the drawings or elsewhere herein. 
All mechanical components shall be stored on site for Owner assessment. Any components 
not retained by the Owner shall be removed by the contractor. Properly dispose or remove 
from site any items not retained by Owner. 

 
B. Any existing services or equipment not shown on the drawings and which are logically 

expected to be continued in service and which may be interrupted or disturbed during 
construction, shall be reconnected in an approved manner. Provide temporary ducts, pipes, 
controls, etc., as needed to prevent interruption of service to occupied areas caused by 
demolition operations. In addition, any ductwork, piping or equipment which may require 
relocation or rerouting as a result of construction, shall be considered a part of the work of 
this section and shall be done by this Contractor with no additional compensation, provided 
that the referenced relocation is discernable from the pre-bid review of the site, and 
associated documents. 

 
C. This Contractor shall remove all ductwork, piping, straps, and existing equipment, being 

discontinued or removed due to construction. Abandoned or removed services shall be 
disconnected and capped at the perimeter of the project or as required elsewhere in the 
documents. 

 
D. The existing building is to remain in operation during construction. This Contractor shall 

coordinate all work that will interfere with the present operation of the facility with the Owner 
and Construction Manager. 

 
E. All existing equipment that is to remain shall be cleaned inside and out. All dirt, plaster dust 

and other foreign matter shall be blown and/or cleaned from coils, terminal devices, diffusers, 
registers, and grilles. Touch up paint equipment in exposed areas. 

 
F. Ductwork systems indicated to remain shall be wiped or vacuumed clean both internally and 

externally to remove all dirt, plaster dust or other foreign materials. 
 

G. Existing ductwork systems that are being extended or modified to serve this project shall be 
cleaned inside and out in accordance with the National Air Duct Cleaners Association 
(NADCA) standards. This includes the addition of access panels necessary to reach the 
complete duct system back to its air handling unit or fan. 
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H. Existing ductwork in remodeled area that is not being removed shall be sealed as per 

SMACNA standards and requirements of ductwork section of the specifications. 
 

I. All coring that is required for mechanical work shall be done by this Contractor. 
 

J. All cutting and patching required for mechanical work shall be by this Contractor. 
 

K. This Contractor shall provide required additional support for existing ductwork and piping in 
remodeled area that is not being removed and is not properly supported. 

 
L. When existing ductwork, piping, or related equipment in remodeled areas prevents the 

installation of other work, remove and reinstall existing materials, making necessary 
modifications and transitions to coordinate with other trades. 

 
M. Maintain construction zone at adequate negative pressure by providing exhaust by 

mechanical means until all work which creates dust or fumes is completed. 
 

N. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to 
be removed unless noted otherwise. 

1. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or 
plug remaining piping with same or compatible piping material. 

2. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or 
compatible piping material. 

3. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material. 

4. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork 
material. 

5. Equipment to Be Removed: Disconnect and cap services and remove equipment. 
6. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, 

clean, and store equipment; when appropriate, reinstall, reconnect, and make 
equipment operational. 

7. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove 
equipment and deliver to Owner. 

 
O. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, 

remove damaged or unserviceable portions and replace with new products of equal capacity 
and quality. 

 
P. Contractor shall verify that all equipment to be re-used is in satisfactory and functional 

condition. Notify the architect and engineer of any deficiencies before removing the 
equipment. 

 
Q. The contractor shall perform testing of any air or hydronic system that is to be modified to 

identify existing flows and pressures. These values shall be used to return flows in sections to 
remain to pre-renovation values after the renovation. 

 
3.2 CLEANING AND REPAIR 

 
A. Clean existing materials and equipment which remain or are to be reused. Report 

damage or defects to Architect 
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3.3 TESTING 
 

A. Existing equipment shall be tested before demolition begins to determine existing operating 
conditions and capacities. Upon completion of all new work, the existing equipment shall be 
rebalanced to serve the new areas and maintain existing capacities in existing areas. 

 
 
END OF SECTION 23 05 10 
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SECTION 23 05 13 - ELECTRIC MOTORS, PREMIUM EFFICIENCY TYPE 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section. 

 
B. Division 26 – Electrical. 

 
1.2 SCOPE 

 
A. This Section describes electric motors which are higher efficiency. These motors require 

less energy than standard electric motors which do not meet this specification. 
 

B. This specification covers 3/4 HP or larger horizontal, 3 phase, integral horsepower, 
drip proof, squirrel cage induction motors in the NEMA frame sizes through 449. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 STANDARDS 

 
A. All motors shall be in accordance with the latest version of NEMA Standard MG-1. 

Motors shall also comply with the applicable portions of the National Electric Code. 
 

1.5 SUBMITTALS 
 

A. Independent motor submittals for motors that are part of air handling unit or pumping 
equipment shall be provided for all motors 1 HP or greater. 

 
PART 2 - PRODUCTS 

 
2.1 VOLTAGE FREQUENCY 

 
A. Motors through 100 hp shall be rated 230/460 volts with 200 or 575 volts as optional; 

motors above 100 hp shall be rated 460 volts with 575 volts as optional. Motors will be 
rated for operation on a 3 phase, 60 Hertz power supply. Refer to Electrical Drawings. 

 
2.2 COORDINATION 

 
A. Where variable frequency drives are used to vary the speed and power consumption of 

electric motors, such motors must be high efficiency type and must be considered with 
the actual variable frequency drives which are provided so that optimum matching of 
variable frequency drive to driven motor is obtained. 

 
2.3 OPERATING CHARACTERISTICS 
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A. Torques: Motors shall meet or exceed the locked rotor (starting) and minimum 
breakdown torques specified in NEMA standards for Design B for the ratings 
specified. 

 
B. Currents: Locked rotor (starting) currents shall not exceed NEMA Design B 

maximum values for the specified rating. Motors shall be capable of a 20 second 
stall at six times full load current without injurious heating to the motor components. 

 
C. Efficiency: Motors shall have full load efficiency which will meet or exceed the values for 

NEMA Premium® efficiency motors as listed in NEMA 1-2006, Table 12-12 when tested in 
accordance with NEMA test standard MG1-12.53a, IEEE Test Procedure 112, Method B, 
using accuracy improvement by segregated loss determination including stray load loss 
measurements. The minimum efficiency shall be guaranteed. 

 
2.4 SERVICE FACTOR AND AMBIENT 

 
A. Motors shall be rated for a 1.15 service factor in a 104oF ambient. 

 
2.5 INSULATION 

 
A. For constant speed application motors, provide full Class B insulation system. 

 
B. For motors with variable frequency drive, provide with Class F insulation suitable for 

operation down to 10%. 
 

2.6 FRAME SIZE 
 

A. Horsepower/frame relationship shall conform to the latest NEMA Standard for T frame 
motors. 

 
2.7 ENCLOSURE 

 
A. Motors shall be drip proof construction. 

 
B. Motor frame and end shields shall be of cast aluminum construction using alloys with low 

copper content. 
 

2.8 BEARINGS 
 

A. All motors shall have anti-friction bearings, sized for a L-10 life of at least 125,000 
hours L-10 life for a direct connected load. 

 
B. Aluminum end shields shall have a cast-in steel or cast iron bearing insert. 

 
C. Bearing housing shall be re-greasable with provisions for purging old grease. 

 
D. Bearings shall be preloaded with a bearing loading spring to minimize noise and increase 

bearing life. 
 

2.9 OTHER REQUIREMENTS 
 

A. Conduit Box shall be diagonally split and rotatable in 90 degree increments. 
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B. External hardware shall be plated to resist corrosion. 
 

C. External paint shall withstand industrial environments. 
 

D. Nameplates shall be of stainless steel or aluminum and stamped per NEMA 
Standard MG1-10.37. Nameplate information shall include the nominal efficiency 
value per Standard MG1-12.53b and the manufacturer's minimum guaranteed 
efficiency value. 

 
2.10 SHOP DRAWINGS 

 
A. In addition to shop drawing requirements of the section entitled, "General Mechanical 

Provisions", provide motor data including horsepower; rpm; frame size; nominal efficiency 
and nominal power factor at full load, 75% load and 50% load; guaranteed efficiency and 
guaranteed power factor at full load, 75% load and 50% load. 

 
PART 3 - EXECUTION 

 
3.1 MOTOR LOCATIONS 

 
A. Provide NEMA Premium® efficiency motors for the following as provided on this project: 

1. Motors for pumps. 
2. Motors for AHU fans. 

 

    END OF SECTION 23 05 13 
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SECTION 23 05 15 - INSTRUCTIONS AND MAINTENANCE MANUALS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide complete written and verbal operating and maintenance instruction to the Owner 

for all mechanical systems. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Divisions 22 and 23 and to all other applicable portions of the Drawings 
and Specifications. 

 
B. This section directly relates in particular to sections which describe the following: 

1. Valves and piping systems components requiring maintenance and which are involved 
in the dynamic function of the systems. 

2. Plumbing equipment (heat exchangers, packaged systems, etc.) 
3. HVAC equipment (all air handling equipment, terminal units, filter assemblies, etc.). 
4. Control systems. 

 
PART 2 - PRODUCTS 

 
2.1 INSTRUCTIONS AND MAINTENANCE MANUALS 

 
A. Provide three Instructions and Maintenance Manuals, each complete as follows: 

1. Hardback three-ring loose-leaf binders. 
2. Title sheet with job name, Contractor's, subcontractor's control subcontractor and 

related contractor's or material supplier's names, addresses and phone numbers. 
3. Index of contents. 
4. A signed copy of acknowledgment of instructions to the Owner or his authorized 

representative. Two additional copies of the signed acknowledgment shall be sent 
directly to the Architect as soon as possible after receipt. 

5. Typewritten operating instructions for the Owner's personnel describing the following 
for each piece of equipment and systems: 

a. How to start and stop each piece of equipment. 
b. How to set equipment and systems for normal operation. 
c. Normal restarting procedures before contacting the service contractor. 
d. Complete description of functions and operations of each piece of equipment 

including description of how equipment operates in conjunction with automatic 
control systems. 

e. Instructions for cleaning, oiling, greasing, fueling and similar tasks. 
 

6. Approved shop drawings and submittal data and parts and maintenance booklet for 
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each item of material and equipment furnished under this Division, including (but not 
limited to) the following: 

a. Spare parts list and source of supply for each equipment item. 
b. List of valves with location, service, size, model and operating position. 
c. Diagrams clearly indicating automatic control hook-up. 

 
7. Any as-built wiring diagrams as called for in other sections of this division as needed to 

show how equipment controls interface with related systems. 
8. Copies of certificates of inspection. 
9. Guarantees. 

 
PART 3 - EXECUTION 

 
3.1 VERBAL INSTRUCTION 

 
A. Provide verbal, hands-on, operating and maintenance instruction to Owner's authorized 

personnel for each equipment item and system. Instruction shall be given by competent 
personnel. 

1. Duration: Total instruction period for all systems of this Divisions 22 and 23 shall be not 
less than fifteen (15) working days. The Owner reserves the right to audio-tape or 
video-tape the instruction procedure. 

 
3.2 MANUFACTURERS' SERVICE REPRESENTATIVES 

 
A. Verbal instruction at the site for the following equipment items and systems shall be given 

jointly by the contractor and the authorized manufacturer's service representative. 
(Contractor and manufacturer's service representative shall provide instruction to Owner for 
each equipment item of no less duration than the hours indicated in parenthesis. Duration 
shall be greater if otherwise specified). 

1. Air Handling Units. (48 hours) 
2. Exhaust Fans. (24 hours) 
3. Terminal Units. (8 hours) 

 

END OF SECTION 23 05 15 
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SECTION 23 05 16 - HOUSEKEEPING PADS, CONCRETE 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 

1.2 SCOPE 
 

A. Provide concrete housekeeping pads for the equipment listed in this section. This work 
shall be performed by the concrete installer. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Divisions 22 and 23 and to all other applicable portions of the drawings 
and specifications. 

 
B. This section directly related in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Concrete described in other divisions. 
 

PART 2 - PRODUCTS 
 

2.1 GENERAL 
 

A. All concrete and steel for concrete housekeeping pads shall comply with those sections of 
the specification division describing concrete and steel. 

 
2.2 HOUSEKEEPING PADS 

 
A. Provide reinforced (#4's @ 12" both ways with 1-1/2" top cover) concrete housekeeping 

pads for each individual machine. Pads shall extend six inches beyond the machine bases 
in all directions and be continuous beneath the machine. Pads shall have chamfered edges 
and shall be poured and finished smooth and level to insure proper and continuous support 
for the bearing surfaces of the machine. 

 
B. Coordinate exact length and width of each pad and any penetrations which may be 

necessary for piping or conduit with the actual equipment approved for use on the project. 
 

PART 3 - EXECUTION 
 

3.1 GENERAL 
 

A. Refer to the section describing vibration isolation for equipment which is to rest on concrete 
housekeeping pads. 

 
3.2 PAD HEIGHTS 
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A. Provide 6" high concrete pads for the following: 

1. All equipment specified or shown to be on a concrete pad if no height is given. 
2. Indoor air handling units. 
3. Control air compressor assembly. 
4. Compression tank assembly (if floor mounted). 
5. Floor mounted pumps. 
6. Heating hot water boilers. 
7. Domestic water heaters. 

 

END OF SECTION 23 05 16 
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SECTION 23 05 18 - PIPING:  CONDENSATE DRAIN 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide condensate drain piping from cooling coil drain pans. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the Drawings and 
Specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Air handling equipment with cooling coils. 
2. Insulation. 

 
1.4 SHOP DRAWINGS 

 
A. Refer to Section entitled "General Mechanical Provisions". 

 
PART 2 - PRODUCTS 

 
2.1 PIPE 

 
A. Type M hard drawn copper conforming to ASTM Spec. B88. 

 
2.2 FITTINGS 

 
A. Wrought copper, solder joint, pressure type conforming to ANSI B16.22. 

 
2.3 SOLDER 

 
A. Composition SB5 (95/5), Fed. Spec. QQ-S-571d and Class 3 (Sil Fos), Fed. Spec. AA-S-

561d, ASTM B32. 
 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Piping shall be sloped uniformly toward drain, and provided with trap seal having a depth, 

in inches, equivalent to one and one-half (1-1/2) times the total static pressure of the 
respective fan system. Traps shall be assembled using elbows and tees with threaded 
brass plugs to permit cleaning of trap and drain line. Piping shall be installed in a neat 
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manner and shall be not smaller than full size of the equipment drain connection or three-
quarters inch (3/4") whichever is larger. 

 
3.2 JOINTS AND CONNECTIONS 

 
A. General: Joints and connections shall be made permanently air, gas, and water tight. 

 
B. Solder Joints: Cut pipe square using cutting tool which does not crimp pipe. Remove all 

burrs using pipe reamer and taking care not to flare the pipe end. Thoroughly clean the 
outside of pipe and the interior of the fittings using a fine sand cloth. Apply noncorrosive 
paste flux to the cleaned surfaces immediately and apply solder and heat, in accordance 
with manufacturer's instructions, to complete joint. 

 
C. Equipment Connections: Connections to copper drain nipples may be made with solder 

joints provided care is exercised not to damage equipment, its insulation or finish. 
Connections to equipment having steel 
nipples shall be made using screwed to solder adapters with teflon tape applied to male 
threads prior to assembly. 

 
3.3 ROUTING 

 
A. Unless otherwise indicated, route pipe discharge to an indirect connection as follows: 

 
1. Roof Mounted Equipment: To nearest roof drain. 
2. Interior Equipment: To nearest condensate floor drain. 

 
3.4 INSULATION 

 
A. Condensate piping shall be insulated. 

 

END OF SECTION 23 05 18 
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SECTION 23 05 19 - GAUGES 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide pressure gauges, gauge valves, test plugs, snubbers and similar devices for 

indication of operating conditions of such points as are indicated on drawings and as 
specified herein. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the drawings and 
specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Thermometers. 
2. HVAC piping systems. 
3. All HVAC equipment through which fluid flows and at which fluid pressures may need 

to be determined. 
 
1.4 SHOP DRAWINGS 

 
A. Refer to Section entitles "General Mechanical Provisions". Provide schedule of ranges and 

proposed locations. 
 
PART 2 - PRODUCTS 

 
2.1 GAUGES 

 
A. Four and one-half inch (4-1/2") diameter with cast aluminum black finish flangeless case 

and chrome ring. Bourdon tube: phosphor bronze, silver soldered to socket and tip. Socket: 
forged brass bottom outlet type. Movement: stainless steel rotary type with delrin sector 
and bushings and micrometer type pointer. Acceptable: H.O. Trerice Co. 500X or an 
equivalent. 

 
B. Where Permanent Gauge is Installed: Brass, needle valve, round knurled handle, 1/4" male 

x 1/4" female NPT. Acceptable: H. O. Trerice Co. 735 Type FFG, or equivalent. 
 

C. Where Permanent Gauge is Not Installed: Brass gate valve 1/4" female NPT. Acceptable:  
Crane No. 438 or NIBCO No. T-113, or equivalent. 
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2.2 PRESSURE SNUBBER 
 

A. Brass, 1/4" male x 1/4" female NPT. Acceptable: H. O. Trerice Co. 872-2, or equivalent. 
 
2.3 TEMPERATURE/PRESSURE TEST PLUGS 

 
A. Use at Contractor's option as specified in Part 3 of this section.  Body of brass or 316 

stainless steel.  Valve core of neoprene for applications to 200oF and of Nordel for 
applications to 275oF. Rated for pressure to 1000 psig. Screwed hexagonal cap and 
gasket. Size 1/4" NPT or 1/2" NPT as applicable. Length 1-1/2" or 3" as applicable to 
penetrate and allow for insulation. Designed for taking temperature and pressure readings 
when used with recommended probes. Acceptable: Pete's Plug, Standard or XL  Size as 
manufactured by Peterson Equipment Company, Inc., Richardson TX 75081; Sisco P/T 
Plugs; or equivalent. 
1. Test Kit: Provide Owner with one companion test kit suitable for taking temperature 

and pressure readings with test plugs. Provide to Architect/Engineer written 
certification of delivery of test kit to Owner; certification shall be signed by Owner's 
authorized representative. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Install pressure gauges, gauge valves, test plugs and snubbers in accordance with 

manufacturer's instructions and locate in such a manner as to permit easy reading of all 
gauges associated with a single piece of equipment from a single point on the floor (or 
working platform). 

 
3.2 PRESSURE GAUGES 

 
A. Install in such a manner as to give an accurate reading of the actual conditions and to 

permit easy access to gauge and gauge valve. Where mounting location does not permit 
rotation of the gauge for removal, install using the union type (880) gauge valve. Range 
shall be selected to read near center at normal operating conditions. 

 
3.3 GAUGE VALVE 

 
A. Install using brass nipples of sufficient length to raise gauge valve clear of insulation and 

finish. 
 
3.4 SNUBBER 

 
A. Provide on all gauges at suction and discharge of all pumps and elsewhere as required to 

prevent pulsation. 
 
3.5 LOCATIONS NOT SHOWN ON DRAWINGS 

 
A. Provide as described in this section unless individual locations are otherwise shown on 

drawings. 
 
3.6 PERMANENT PRESSURE GAUGE LOCATIONS 

 
A. Provide permanent gauges, with gauge valves, at the following locations: 
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1. Fluid inlet and outlet of: 

a. Each water coil in each air handling unit. 
b. Hydronic system strainers in main piping system (not required at strainers which 

may be located at individual air handling units or similar equipment unless 
otherwise indicated). 

c. Each air separator. 

2. Where otherwise indicated. 
 
3.7 GAUGE VALVE ONLY LOCATIONS 

 
A. Provide gauge valves to permit temporary or permanent installation of gauges for pressure 

indication at the following locations: 
1. Inlets and outlets of water coils at: 

a. Each fan coil unit. 
b. Each terminal unit hot water coil. 
c. Where otherwise indicated. 

 
3.8 TEMPERATURE/PRESSURE TEST PLUGS 

 
A. Where a gauge valve and a thermometer well is indicated as a pair (i.e., side by side), 

Contractor may at his option, provide only a single test plug. Provide only at the following 
location (at Contractor's option in lieu of the gauge valves specified above and in lieu of 
thermometer wells specified in "Thermometers" section): 

1. Inlets and outlets of each coil at each terminal unit. 
2. Inlet and outlet of each coil in each fan coil unit. 

 
3.9 PROTECTION OF EQUIPMENT 

 
A. Protect equipment from damage from time of its receipt until final acceptance and shall 

thoroughly clean the pressure gauges, gauge valves and like items of all dirt and 
construction debris prior to requesting 
final inspection. Gauges which become damaged during the course of construction shall be 
repaired to "as new" condition or shall be replaced with new equipment. 

 

END OF SECTION 23 05 19 
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SECTION 23 05 20 - PIPING SYSTEMS: FLUSHING AND CLEANING 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 

1.2 SCOPE 
 

A. Completely flush and clean the new piping systems for chilled water prior to making final 
connections to the existing central system. Provide all plant, materials, equipment and 
labor required to flush and clean the new piping systems prior to operation. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 SHOP DRAWINGS 

 
A. Include specific data on: all chemicals, feeders, blow down valves and like items; as well 

as complete piping diagrams. Include complete description of methods. 
 

1.5 PRESSURE AND TEMPERATURE RATINGS 
 

A. Unless otherwise specified in this section, components specified by this section shall be 
recommended and rated for same (or greater) maximum working pressure and 
temperature conditions which are applicable to the fluid system at the location(s) at which 
the equipment and systems of this section are installed. Refer to specification section(s) 
describing the related fluid systems(s) for pressure and temperature ratings applicable to 
the components of this section. 

 
1.6 MANUFACTURER'S QUALIFICATIONS 

 
A. The water treatment chemical supplier shall be a recognized specialist, active in the field of 

industrial water treatment for at least ten years. Water treatment shall be provided by ATS. 
 

PART 2 - PRODUCTS 
 

2.1 SHOT FEEDER 
 

A. Provide a temporary shot feeder installed across the pumping system suction and 
discharge sides to allow injection of cleaning chemicals into the system. 

 
B. Shot feeders shall be Mogul, Mitco, Garrett Callahan, Culligan, Nalco or equivalent. 

 
2.2 WATER TREATMENT CHEMICALS 

 
A. Formulation shall not contain any ingredients which are harmful to system materials. 
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B. Chemicals shall be supplied by Mogul, Mitco, Garrett Callahan, Culligan, Nalco or 

equivalent. 
 

PART 3 - EXECUTION 
 

3.1 GENERAL 
 

A. Install chemical feeding systems as indicated, in accordance with manufacturer's 
installation instructions, to comply with requirements and intended purposes. 

3.2 SHOT FEEDER 
 

A. Install shot feeder with adequate pressure differential to permit flow through the chemical 
feeder body. Connect feed piping to inlet and outlet connections with shutoff valves. Pipe 
drain valve discharge to  drain. 

 
B. Provide all hardware and chemicals for start-up of system and full operation of initial system 

fill. 
 

C. Connect water treatment piping system to mechanical systems and comply with equipment 
manufacturer's instructions where not otherwise indicated. Install shutoff valve and union 
or flanges on supply and return, drain valve on drain connection. 

 
3.3 CLEANING AND FLUSHING 

 
A. All piping lines and related equipment shall be thoroughly flushed out with precleaning 

chemicals designed to remove deposition such as pipe dope, oils, loose rust and mill scale 
and other extraneous materials. Add recommended dosages of precleaner chemical 
products and circulate throughout the water system. Feed chemicals at the proper feed 
rates, check that the cleaning solution is actually in each system, flush the system and 
shall check each system following flushing to insure all cleaning chemicals have been 
removed from each system. Open all modulating valves, zone valves and all other system 
restrictions. Drain, fill and flush system until no foreign matter is observed. 

 
B. Chemical used for cleaning of systems shall comply with the recommendations of the 

manufacturers of the major components in the system. 
 

C. A certificate of cleaning shall be provided by the cleaning chemical supplier to the Owner. 
 

3.4 PIPING 
 

A. Installation of piping shall be made in a manner which provides for all drains and temporary 
connections necessary to clean and flush the new piping systems. 

 
3.5 OTHER REQUIREMENTS 

 
A. Provide all necessary pipe, valves, fittings, unions and other items necessary for proper 

installation and removal of all components needed to clean and flush the system. 
 

B. Locate temporary shot type feeder in valved bypass from pump discharge to pump suction. 
Provide ball valve in bypass on each side of feeder. 

 

END OF SECTION 23 05 20 
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SECTION 23 05 21 - THERMOMETERS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide thermometers and wells for temperature indication at such points as indicated on 

drawings and as specified herein. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the drawings and 
specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Gauges. 
2. HVAC piping systems. 
3. All HVAC equipment which contains heat transfer components where fluid 

temperatures may need to be determined. 
 
1.4 SHOP DRAWINGS 

 
A. Refer to section entitled "General Mechanical Provisions". Provide schedule of ranges and 

proposed locations. 
 
PART 2 - PRODUCTS 

 
2.1 THERMOMETERS 

 
A. Adjustable angle, nine inch (9") long scale, blue organic fill type with range selected to read 

center scale at normal operating conditions; extension necks and bulb style selected to suit 
application; armored elements on duct thermometers. Acceptable: Weksler Type EG5H-9 
or equivalent. 

 
2.2 SEPARABLE SOCKETS 

 
A. Provide for each thermometer in piping system. Sockets: Brass with extension neck to suit 

thickness of insulation and finish 3/4" NPT. 
 
2.3 THERMOMETER TEST WELLS 

 
A. Brass with extension neck to suit insulation cap with chain; 1/2" NPT; extension neck 

where necessary to penetrate insulation. 
 
2.4 TEMPERATURE/PRESSURE TEST PLUGS 
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A. Use at Contractor's option as specified in Part 3 of this section.  Body of brass or 316 

stainless steel.  Valve core of neoprene for applications to 200oF and of Nordel for 
applications to 275oF. Rated for pressure to 1000 psig. Screwed hexagonal cap and 
gasket. Size 1/4" NPT or 1/2" NPT as applicable. Length 1-1/2" or 3" as applicable to 
penetrate and allow for insulation. Designed for taking temperature and pressure readings 
when used with recommended probes. Acceptable: Pete's Plug, Standard or XL  Size as 
manufactured by Peterson Equipment Company, Inc., Richardson, TX 75081; Sisco P/T 
plugs; or equivalent. 

1. Test Kit: Provide Owner with one companion test kit suitable for taking temperature 
and pressure readings with test plugs. Provide to Architect/Engineer written 
certification of delivery of test kit to Owner; certification shall be signed by Owner's 
authorized representative. Duplicate test kit is not required under this section if 
provided under section describing gauges. 

PART 3 - EXECUTION 
 
3.1 GENERAL 

 
A. Install test wells, separable sockets, and thermometers in accordance with manufacturer's 

instructions. Locate in such a manner (adjusting mounting angle as required) as to permit 
easy reading of all thermometers associated with a single heat transfer device from a 
single point on the floor (or working platform). 

 
3.2 THERMOMETERS IN PIPING SYSTEMS 

 
A. Install in such a manner as to give accurate reading of actual conditions. Make allowance 

for proper (unrestricted) flow by installing in oversized fitting in line sizes two inches (2") 
and under. 

 
3.3 THERMOMETERS IN DUCT SYSTEMS 

 
A. Install in such a manner as to give accurate reading of actual conditions. 

 
3.4 PROTECTION OF EQUIPMENT 

 
A. Protect equipment from damage from time of receipt until final acceptance. Thoroughly 

clean thermometers, wells and like items of all dirt and construction debris prior to 
requesting final inspection. Thermometers which become damaged during course of 
construction shall be repaired to "as new" condition or shall be replaced with new 
equipment. 

 
3.5 LOCATIONS NOT SHOWN ON DRAWINGS 

 
A. Provide as described at locations in this section unless individual locations are otherwise 

specifically shown on drawings. 
 
3.6 THERMOMETER LOCATIONS 

 
A. Provide permanent thermometers and companion wells at the following locations: 

1. Fluid inlet and outlet of: 
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a. Each water coil in each air handling unit. 
 

2. Where elsewhere specified or indicated on the drawings. 
 
3.7 THERMOMETER TEST WELL LOCATIONS 

 
A. Provide thermometer test wells at: 

1. Inlets and outlets of each water coil at each unit which is not a packaged air handling 
unit or a built- up air handling unit (i.e., terminal unit hot water coils, fan coil unit coils, 
duct mounted hot water coils and similar units). 

2. Where elsewhere specified or indicated on the drawings. 
 
3.8 TEMPERATURE/PRESSURE TEST PLUGS 

 
A. Where a thermometer well and a gauge cock is indicated together as a pair (i.e. side by 

side), Contractor may, at his option, provide only a single test plug. Provide at the following 
locations (at Contractor's option in lieu of the test wells specified above and in lieu of the 
gauge cocks specified in "Gauges" section). 

1. Inlets and outlets of each water coil at each unit which is not a packaged air handling 
unit or a built- up air handling unit (i.e. terminal unit hot water coils, fan coil unit coils, 
duct mounted hot water coils and similar units.) 

2. Where elsewhere specified or indicated on the drawings. 
 
3.9 ADDITIONAL INSTALLATION REQUIREMENTS 

 
A. Install near pressure gauge cocks and flow meter ports where practical but not to deflect 

flow and cause raised readings of such other instruments. 
 

B. Install to cause least possible condensation. 
C. Thermometers shall be easily readable by person in normal position; adjust mounting 

configuration accordingly. 
 

D. Provide pipe extensions where installation is in pipe with diameter smaller than insertion 
length or install in oversized pipe sections. 

 
E. Install thermometers and test wells as follows so that wells will hold gauge oil without 

spilling when wells are being used for testing and balancing: 

1. In horizontal pipe so that the well is in the top quadrant of the pipe and is not less than 
45o from vertical. 

2. In vertical pipe so that the well is 45o from vertical. 
 

END OF SECTION 23 05 21 
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SECTION 23 05 23 - VALVES, COCKS AND SPECIALTIES: HVAC 
SYSTEMS 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 

1.2 SCOPE 
 

A. Provide those valves, cocks and specialties which are required for the HVAC piping 
systems. These items include, but are not necessarily limited to, the following: 

1. Gate valves. 
2. Check valves. 
3. Ball valves. 
4. Cocks and plug valves. 
5. Drain valves. 
6. Butterfly valves. 
7. Backflow preventers. 
8. Strainers. 
9. Safety valves. 
10. Pressure relief valves. 
11. Air vents. 
12. Flow indicating/balancing valves. 
13. Pump suction guide/strainer/elbows. 
14. Pump discharge/flow control valves. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of the Division-23 and to all other applicable portions of the drawings and 
specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Piping systems. 
2. Pumps. 
3. Insulation. 
4. Equipment connected to piping systems in which work of this section is applicable. 
5. Air control equipment. 
6. Work which is described in Divisions 22 and 23 which relate to the plumbing systems 

and which requires valves, cocks and specialties shall be provided in compliance with 
this Section unless requirements of Divisions 22 and 23 specifically state otherwise. 

 
1.4 APPLICABLE SYSTEMS 

 
A. These valves, cocks and specialties are intended for application in, but not necessarily 

limited to, the following HVAC piping systems as applicable to this project. 
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1. Chilled water systems. 
2. Hot water systems. 
3. Condenser water systems. 
4. Steam systems. 
5. Other related HVAC piping systems. 

 
1.5 VALVES, COCKS AND SPECIALTIES 

 
A. Valves, cocks and specialties may not be indicated in every instance on the drawings, but 

whether or not shown, all valves, cocks and check valves necessary to the proper 
operation of the system shall be furnished and installed in an approved manner and 
location. Valves shall have rising stems except in locations where space is limited; in these 
locations non-rising stem valves of equivalent material and pressure class will be accepted. 
 

1.6 ACCEPTABLE MANUFACTURERS 
 

A. Products listed in this Section or on the plans are based on a specific manufacturer to 
establish the desired style, quality and type. Equivalent products, complying with the 
requirements of this Section and the installation requirements of the plans, by the following 
manufacturers are acceptable: 

1. Nibco 
2. Apollo 
3. Mueller 
4. Metraflex 
5. Crane 

 
B. Any model numbers listed are from one or more of these manufacturers and are given to 

provide an example of the item(s) required. 
 

1.7 INDUSTRY STANDARDS 
 

A. Where compliance with an industry, society or association standard is specified or 
indicated, certification of such compliance shall be submitted with shop drawings. 

 
1.8 PRESSURE AND TEMPERATURE RATINGS 

 
A. Temperature: Unless otherwise specified, ratings shall be as follows for all components 

specified herein. 
1. Chilled water systems: 150oF 
2. Hot water systems: 200oF 
3. Condenser water systems: 150oF 
4. Steam systems: 

a. Low pressure (LPS): 275oF 
b. Medium pressure (MPS): 300oF 
c. High pressure (HPS): 350oF 

 
B. Pressure: Unless otherwise specified, all components must be of pressure class and rating 

to be recommended for operation at the following maximum allowable non-shock pressure 
ratings. 

1. Chilled water systems: 150 psig 
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2. Hot water systems: 150 psig 
3. Condenser water systems: 150 psig 
4. Steam systems: 

a. Low pressure (LPS): 150 psig 
b. Medium pressure (MPS): 150 psig 
c. High pressure (HPS): 200 psig 

 
PART 2 - PRODUCTS 

 
2.1 GATE VALVES 

 
A. 3" and smaller: Threaded or solder pattern as applicable, rising stem, iron wheel, rough 

brass body, solid wedge disc, screwed or union bonnet and finished gland nut, 150 psi 
class. Types as follows: 
1. Threaded Pattern: Crane 431, Powell 514S, Walworth 56, Lunkenheimer 2151, 

Stockham B-122. 
2. Soldered Pattern: Powell 1842S, Lunkenheimer 2151, Stockham B-124. 

 
B. 3-1/2" and Larger: Flanged, cast iron body, brass trim, brass seats, rising stem and iron 

wheel, 125 psi class. Types as follows: Crane 465-1/2, Powell 1793, Walworth 726F, 
Lunkenheimer 1430, Stockham G- 623. 

 
2.2 GLOBE VALVES 

 
A. 2-1/2" and Larger: Flanged, iron body, yoke bonnet, bronze trim and disc. 

 
B. 2" and Smaller: Screwed, bronze body, union bonnet composition disc. 

 
2.3 CHECK VALVES 

 
A. Swing type: 

1. 3-inches and Smaller: Threaded or solder pattern as applicable, pressure rating of not 
less than 200 psi threaded pattern and 125 psi solder pattern, wye pattern swing 
check, rough brass body, finished gland nut, regrinding bronze disc. 

2. 4-inches and Larger (125 psi maximum working pressure): Flanged pattern, iron body, 
swing check, renewable brass seat, disc and trim. Types: Crane 373, Powell 559, 
Walworth M-928F, Lunkenheimer 1790, Stockham G-931. 

3. 4-inch and Larger (200 psi maximum working pressure): Flanged brass-ferrosteel 
body, swing check, renewable brass seat, disc and trim. Types: Crane 39E, Powell 
576, Walworth M-970F, Lunkenheimer 323. 

 
B. Wafer Type: 

1. 3-inch and Larger: Flanged pattern, globe type, semi-steel body, stainless steel spring, 
bronze disc and bronze seat ring. Types: Williams-Hager Figure 636; APCO Series 
600; Mueller Nos. 105, 107, 109 and 113; Metraflex Series 900. 

 
2.4 PLUG VALVES AND BALANCING COCKS 

 
A. General: Semi-steel, lubricated type, bolted cover or gland, position indication dial, full port, 

teflon coated plug. Over 6-inches shall have a geared or worm drive operator. 
 

B. 2 inches and Smaller: Screw pattern Powell F-2200, Walworth 1700, ACF R1430. 
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C. 2-1/2 inches and Larger: Flanged end. Powell F2201, Walworth 1700F, ACF R 1431. 

 
2.5 DRAIN VALVES 

 
A. General: Use only for low pressure drainage service. 

 
B. 2 inches and Smaller: Either threaded or soldered ends, class 125, bronze body, screwed 

bonnet, rising stem, disc with 3/4" hose thread outlet connect. 

1. Threaded Pattern:  Crane 410, Stockham B-100. 
2. Soldered Pattern:  Crane 1320, Stockham B108. 

 
2.6 BUTTERFLY VALVES 

 
A. Pattern: Valves shall be of the threaded lug body type. All valves shall have 

extended necks for insulation clearance. 
 

B. Body: Semi-steel or cast iron or pattern specified hereinbefore. 
 

C. Disc: Bronze or semi-steel with welded nickel edge, 416 stainless steel shaft, bronze 
bearings, and Hycar seals. 

 
D. Seat: Hycar, bonded to a rigid reinforcing ring which is held in place by a metal retaining 

ring. All valves shall be capable of bubble tight shut-off at pressure differentials of 200 psig, 
and 200 psig dead end shut- off. 

 
E. Operators: Valves 2" through 6" shall have lever type actuator capable of infinite position 

(or minimum of 10 locking positions) and shall have adjustable memory stop. Valves 8" 
and larger shall have gear type actuator with chain wheel, hand wheel or crank type 
operating mechanisms, adjustable opening and closing memory stops, and position 
indicator. All valves 4" and larger located more than 6'-0" above the floor shall be provided 
with chain wheel and chain. Provide stem extensions (in addition to insulation clearance 
extension specified hereinbefore) as required to place operators in an easily accessible 
location free of interference with adjacent piping, equipment structure, and the like. 

 
F. Manufacturers: Grinnell, Keystone, Center-Line, Demco, DeZurick. 

 
2.7 BALL VALVES 

 
A. 2-1/2 inches and Smaller: Threaded or soldered ends, port area equal to or greater than 

connecting pipe diameter, Class 125, two piece bronze body, bronze ball, bronze stem, 
teflon seat and seals. Acceptable manufacturers; Crane, Hammond, Jamesbury, Nibco, 
Stockham, and Walworth. 

2.8 CALIBRATED BALANCING AND FLOW MEASURING VALVES 
 

A. 1/2" to 2": Globe type providing flow balancing, flow measurement, positive shut off, and 
drain connection. Balancing valves shall be provided with vernier-type setting with 
adjustment range through four 360 degree turns of handwheel. Valves shall have hidden 
memory feature to prevent tampering. Valves shall be provided with meter connections 
having positive shut off valves. All metal parts shall be of nonferrous, pressure die-cast, 
nonporous Ametal Copper Alloy. Valve shall provide accurate flow control regardless of 
valve orientation. Provide form-fitting polyurethane insulation cover. Design basis  
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Armstrong CBV I. Acceptable Alternates: Accepted equivalents by Bell & Gossett, Taco, 
and Preso. 

 
B. 2-1/2" to 6": Globe type providing flow balancing, flow measurement, and positive shut off. 

Balancing valves shall be provided with vernier-type setting with adjustment range through 
eight 360 degree turns of handwheel. Valves shall have hidden memory feature to prevent 
tampering. Valves shall be provided with meter connections having positive shut off valves. 
Valves shall be cast iron with brass trim. Design basis Armstrong CBV II. Acceptable 
Alternates: Accepted equivalents by Bell & Gossett, Taco and Preso. 

 
C. Provide Owner: One portable differential pressure gauge kit of same manufacturer as 

valves. Kit shall be housed in a hand-carrying case and shall contain one 0-135" W.C. and 
one 0-60 foot pressure gauge, 5 foot meter hoses with disconnect ends, positive shutoff 
valves, operating instructions, and flow versus pressure drop curves for each size valve 
installed. 

 
2.9 FLOW CONTROL VALVES, PRESSURE COMPENSATING, ACCESSIBLE 

 
A. Automatic pressure compensating flow control valves which operate as mechanically 

independent devices on a mechanically based variable orifice principal. Provide where 
specified and where indicated on piping plans and schematics, to enable the proper flow 
balancing of systems. Acceptable manufacturers: Griswold, Taco. 

 
B. Valves shall be factory set and shall automatically limit the rate of flow to required 

engineered capacity within 5% accuracy over an operating pressure differential of at least 
14 times the minimum required for control. 

 
C. Control mechanism of valve shall be a self-contained, open-chamber cartridge assembly 

with unobstructed flow passages to eliminate accumulation of particles and debris. All 
internal working parts shall be type 300 passivated stainless steel. No plated materials are 
acceptable. 

 
D. Control valve mechanism shall be accessible for changeout if needed without 

disconnecting the piping system in which it is installed. 
 

E. Valves shall be available in four pressure differential ranges, with the minimum range 
requiring less than 2 psi to control flow. Cast iron valve bodies shall be provided with inlet 
and outlet tappings suitable for connection of instruments for verification of flow rates. 
Valve bodies shall be rated for use at not less than 150% of system designed operating 
pressures. 

 
F. Each automatic flow control valve shall be furnished with a valve kit consisting of 1/4 inch x 

2 inch minimum size nipples, quick-disconnect valves (to be located outside of insulation), 
and fittings suitable for use with companion measuring instruments. 

 
2.10 STRAINERS 

 
A. General: Y-type. 

 
B. Body: Cast iron, ductile iron, cast or forged steel as required for specified working pressure 

of piping system. 
 

C. Screen: 315 stainless steel or monel. Free area not less than three times inlet area. 
1. Perforations: 1/8" mesh for sizes to 8-inches. 5/32" mesh for sizes 10-inches and larger. 
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D. Connections: 

1. Straight thread and gasket to 2-inch size. 
2. Flanged 2-1/2 inches and larger. 
3. Solder pattern when used in copper piping systems. 

 
E. Bolted cover in 2-1/2 inch and larger. 
F. Gate Valve: On 2-1/2 inch size and larger, provide a gate valve on each strainer cover 

blowdown connection; gate valve to be full size of blowdown connections. 
 

2.11 SAFETY VALVES 
 

A. General: ASME rated as shown on the drawings and/or required by applicable codes. 
 

B. Manufacturers: Manning, Maxwell & Moore, Watts Regulator, or Bell & Gossett Co. 
 

2.12 PRESSURE RELIEF VALVES 
 

A. One-half (1/2) or three quarter (3/4) inch size, brass, iron or steel, ASME rated. 
 

2.13 AIR VENTS 
 

A. Automatic: 

1. 150 psi Working Pressure: Metraflex MV-15, Crane 976, Sarco 13W, Armstrong 1AV. 
2. 75 psi Working Pressure: Maid-O-Mist #7, Bell & Gossett #7, Hoffman 79. 

 
B. Manual: Brass manual cock, Crane 700 Series, with hose thread adapter. 

 
 

PART 3 - EXECUTION 
 

3.1 GENERAL 
 

A. Install valves in horizontal piping with the valve stem in the vertical upright position. 
 

B. Install valves to provide adequate clearance to permit easy operation of the valve hand 
wheel and permit servicing of the valve packing. 

 
C. Provide blow down valve on 1-1/2" and larger strainers (except refrigerant piping). Use 

valve not less than 1/2 strainer blow down outlet size. 
 

3.2 VALVES AND COCKS 
 

A. All valves, balancing cocks and similar items shall be installed in an easily accessible 
location. Provide access panels for all concealed valves. Where gate valves are indicated 
on the drawings, the Contractor 
may, at his option, furnish butterfly valves, provided they are in compliance with these 
specifications. Where butterfly valves are used, they shall be installed between properly 
spaced flanges, then run to the full open position before mounting bolts are tightened in 
order to insure a balanced pressure on the seat and prevent distortion. 

 
3.3 PRESSURE RELIEF VALVES 
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A. Install pressure relief valves where specified or indicated on the drawings. Pipe to spill over 

floor drain or service sink. Provide pressure expansion device for all valves set for 150-psig 
or greater. 

 
 

3.4 SAFETY VALVES 
 

A. Safety valves to have valve spindle enclosure with gland seal to minimize leakage and 
manual lift lever to check discharge required. Cut discharge pipe from safety valve on a 45 
degree angle, pipe to floor and direct toward or into floor drain (unless noted otherwise on 
the drawings). 

 
3.5 AUTOMATIC AIR VENTS 

 
A. Install automatic air vents with inlet isolation cock at locations indicated on drawings and at 

high points of hot and chilled water piping systems. Pipe vent discharge to drain pan, 
plumbing trap or to outside of building. 

 
3.6 DRAIN VALVES 

 
A. Install drain valves at the base of all water piping risers (both supply and return) and at all 

low points in the piping system. 
 

3.7 BALL VALVES 
 

A. Ball valves may be installed in lieu of gate valves for all individual fan coil unit supply and 
return piping 1" and smaller. 

 
3.8 VALVED GAUGE CONNECTIONS 

 
A. Contractor shall provide valved gauge connections at diffuser inlet and pump suction to 

indicate when cleaning is needed. Install on pump suction inlets, adjust foot support to 
carry weight of suction piping. Install nipple and shutoff valve in blowdown connection. 
After cleaning and flushing hydronic piping system, but prior to balancing of hydronic piping 
system, remove disposable fine mesh strainer. 

 
3.9 CALIBRATED BALANCING AND FLOW MEASURING VALVES 

 
A. Provide flow indicating balancing valves where shown on drawings. The locations shown 

on drawings or otherwise indicated are diagrammatic in nature and are intended basically 
to show the requirement for flow measurement and shut-off relative to a specific piece of 
equipment or portion of the system and not the exact physical location of the device. The 
exact physical location shall be determined using field measurements relating to the 
specific piping arrangement and the manufacturer's recommendations relating to upstream 
and downstream clearances. Install in accordance with manufacturer's recommendations 
including increases or decreases in pipe size at points of installation together with 
minimum recommended lengths of straight run pipe before and after points of installation. 
Balancing shall be done, using the master meter specified hereinbefore, as work of the 
section describing test and balance. At the conclusion of the test and balance work the 
meter shall be turned over to, and shall become the property of, the Owner. 

3.10 MECHANICAL ACTUATORS 
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A. Install mechanical actuators with chain operators where indicated, and where valves 4" 
and larger are mounted more than 7'-0" above floor in mechanical rooms, chiller rooms, 
boiler rooms; and where recommended by valve manufacturer because of valve size, 
pressure differential or other operating condition making manual operation difficult. 

 

END OF SECTION 23 05 23 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                HANGERS AND SUPPORTS 23 05 29 - 1    

SECTION 23 05 29 - HANGERS AND SUPPORTS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this Section. 
 
1.2 SCOPE 

 
A. Provide all angles, brackets, clamps, anchors, inserts, rods, braces, frames, hangers nuts 

and bolts, and other miscellaneous steel and hardware items as may be required for the 
proper support of equipment, piping systems, HVAC systems, plumbing systems and fire 
protection systems. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Divisions 22 and 23 and to all other applicable portions of the Drawings 
and Specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Piping systems. 
2. Duct systems. 
3. Equipment items. 

 
1.4 SHOP DRAWINGS 

 
A. Refer to Section entitled "General Mechanical Provisions". Provide specific data on 

hangers, stands, clamps, rollers, guides, shields, anchors and their proposed application. 
Submit detailed shop drawings, showing method of support and anchoring for all piping 
and equipment as follows: 

1. Piping Systems: 
2. Scaled single line piping plans superimposed on structural construction drawings. 

Scale shall be minimum 1/4" = 1'-0". Piping which is three inch (3") diameter and 
smaller may be omitted from these shop drawings. Drawings shall clearly indicate the 
location and type of each and every insert, hanger, stand, support, guide, isolator and 
anchor; and shall also indicate the size, type locations and method of attachment for all 
miscellaneous structural steel required. 

3. Sectional drawings, sketches and other details as may be required to clearly 
communicate the method of support, anchoring, guiding and vibration isolation. 

4. Show details  of  any  typical  floor  or  wall penetrations including: riser clamp, 
pipe sleeve, and provisions for water stop to prevent the water travel between 
penetrations. 

 
1.5 INDUSTRY STANDARDS 

 
A. Where compliance with an industry, society or association standard is specified or 

indicated, certification of such compliance shall be submitted with shop drawings. 
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1.6 MANUFACTURER 

 
A. Products listed in this Section or on the plans are based on a specific manufacturer to 

establish the desired style, quality and type. Equivalent products, complying with the 
requirements of this Section and the installation requirements of the plans, by the following 
manufacturers are acceptable: 
1. F&S Manufacturing Corp. 
2. Fee and Mason Manufacturing Co. 

 
PART 2 - PRODUCTS 

 
2.1 HANGERS 

 
A. Hangers In Contact With Copper Piping: Shall be copper plated or teflon coated. Hangers 

shall be Fed. Spec. WW-H-171E, Type 9. Acceptable: Grinnell Fig. 97 or 97C, or 
equivalent. 

B. Hangers (other than in Contact with Copper Piping): Shall have manufacturer's standard 
finish. Hangers shall be of the following types: 

1. Pipe 3" and Larger: Fed. Spec. WW-H-171E, Type 1. Acceptable: Grinnell Fig. 260 or 
equivalent. 

2. Pipe 2-1/2" and Smaller: Fed. Spec. WW-172E, Type 6. Acceptable: Grinnell Fig. 104 or 
equivalent. 

 
2.2 ISOLATORS 

 
A. Refer to the Section, if included in this Division, which describes vibration isolation. 

 
2.3 PIPE ROLLER STANDS 

 
A. Shall be Fed. Spec. WW-H-171D, Type 47. Acceptable: Grinnell Fig. 171, or equivalent. 

 
2.4 PIPE ROLLER HANGERS 

 
A. Pipe Roller Hangers: Shall be Fed. Spec. WW-H-171E, Type 42. Acceptable: 

Grinnell Fig. 171, or equivalent. 
 
2.5 PIPE ALIGNMENT GUIDES 

 
A. Acceptable: Grinnell Fig. 256, or equivalent. 

 
2.6 PIPE RISER CLAMPS 

 
A. Pipe Riser Clamps: Shall be Fed. Spec. WW-H-171D, Type 8. 

 
2.7 INSULATION SHIELDS 

 
A. Shall be Fed. Spec. WW-H-171D, Type 41. Acceptable: Grinnell Fig. 167, or equivalent. 

 
2.8 BEAM CLAMPS 

 
A. Fed. Spec. WW-H-171D, Type 29. Acceptable: Grinnell Fig. 292 with links, or equivalent. 
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2.9 INSERTS 

 
A. Preset Type: Malleable iron with removable interchangeable nuts having lateral adjustment 

of not less than one and five-eighths inches. Continuous inserts shall have a capacity of 
2,000 lb. per foot and shall be hooked over reinforcing. Acceptable: C-B Universal Fig. 282; 
Unistrut Products Co., P3200 or P3300; B-Line Systems, Inc., Series B- 32.1, or 
equivalent. 

 
2.10 ROD 

 
A. Carbon steel, black threaded bolt ends or continuous thread, sized with safety factor of five 

(5). Acceptable: Grinnell Fig. 140 or 146, or equivalent. 
 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Refer to Section entitled "General Mechanical Provisions". All inserts, fasteners, hangers 

and supports shall be installed in strict accordance with manufacturer's instructions. 
 
3.2 PIPE 

 
A. General: Hangers shall be spaced to prevent sag and to permit proper drainage. All piping 

shall be run parallel with the lines of building, unless otherwise indicated on drawings. The 
hanger spacing and placement shall be such that after the covering (insulation and finish) 
is applied, there will be not less than 1/2" clear space between finished covering and other 
surfaces, including the finished covering of parallel adjacent pipes. Hangers for insulated 
pipes shall be sized to encompass the insulation, finish and metal insulation shield (a metal 
insulation shield shall be provided for each hanger or support). Vertical piping shall be 
supported with pipe riser clamps at every floor penetration, unless specifically indicated 
otherwise on the drawings. Hangers and supports shall not be placed at greater than the 
following intervals: 
1. Pipe  1" and Smaller: Eight foot (8') centers and not more than two feet (2') from a 

change in direction (offsets, elbows, and tees). 
2. Pipe 1-1/4" through 2-1/2": Ten foot (10') centers and not more than two feet (2') from a 

change in direction (offsets, elbows and tees). 
3. Pipe 3" and Larger: Fourteen foot (14') centers and not more than two feet (2') from a 

change in direction (offsets, elbows, and tees). 
 
3.3 EQUIPMENT 

 
A. Equipment supports shall be as otherwise indicated on the drawings or in the specifications. 

 
3.4 DUCTWORK 

 
A. Refer to Sections describing ductwork. 

 
3.5 POWDER (GUNPOWDER) ACTUATED FASTENERS 

 
A. Not allowed. 

 
3.6 STEEL DECKING 
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A. On projects where floor or roof slabs are installed over steel decking, drill or punch web of 

steel decking and insert hangers with washers before the concrete fill is poured in place. 
Hangers shall be plumb within one-half inch (1/2") in four feet (4') and spaced as required 
for service intended. 

 

END OF SECTION 23 05 29 
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SECTION 23 05 48 - VIBRATION ISOLATION EQUIPMENT 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division-01 Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Provide vibration isolation supports for all equipment and piping as may be required to 

prevent transmission of vibration to building structure. This shall include air handling units, 
fans, piping, pumps and similar items. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the drawings and 
specifications. 

 
1.4 SHOP DRAWINGS 

 
A. Refer to Section entitled "General Mechanical Provisions". Submittal data shall show type, 

point loading information, size and deflection of each isolator proposed and any other 
information as may be required for the Architect/Engineer to check isolator selections for 
compliance with specifications. Include clearly outlined procedures for installing and 
adjusting the isolators. 

 
1.5 MANUFACTURERS 

 
A. Products of the following manufacturers will be acceptable, provided they comply with all of 

the requirements of this specification: Consolidated Kinetics; Mason Industries; Amber-
Booth; Keflex; Flexonics; Vibration Eliminator Company or equivalent. Any model numbers 
listed are from one or more  of these manufacturers and are given to provide an example 
of item(s) required. 

 
1.6 OTHER REQUIREMENTS 

 
A. All vibration isolation equipment shall be both recommended by the manufacturer and 

approved by the Architect/Engineer for each particular application on this project. 
 

PART 2 - PRODUCTS 
 

2.1 BASIC REQUIREMENTS 
 

A. Unless otherwise noted, spring type vibration isolators shall be used for all motor driven 
equipment. It shall be the responsibility of isolation manufacturer to determine the amount 
of spring deflection required for each isolator to achieve optimum performance, prevent the 
transmission of objectionable vibration and meet noise criteria referenced herein. 

 
2.2 CORROSION PROTECTION 
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A. Steel components shall be phosphated and painted. All nuts, bolts and washers shall be 
zinc- electroplated. Structural steel bases shall be thoroughly cleaned of welded slag and 
primed with zinc- chromate or metal etching primer. 

 
B. All isolators exposed to weather shall have steel parts PVC coated or hot-dip galvanized. 

Aluminum components shall be etched and painted. Nuts, bolts and washers may be zinc-
electroplated. 

 
2.3 BASIC ISOLATORS 

 
A. General: Unit designations indicated are Architect/Engineer designations. Each of the 

following basic isolators may not be applicable to a specific installation application. See 
PART 3, "EXECUTION". 

B. Spring Mounts, Open Type, Unrestrained (Unit SMOU): Free standing springs; laterally 
stable; minimum horizontal-to-vertical spring rate (Kx/Ky) of 1.0: 1/2-inch neoprene 
acoustical friction pads between bottom baseplate and the supporting surface; leveling 
bolts; provision for bolting the mount to the equipment (unless otherwise specified); spring 
diameters not less than 0.8 of the compressed height of the spring at rated load; springs 
shall have a minimum additional travel to full compression of 50% of the rated deflection; 1-
inch minimum static deflection (unless otherwise specified); submittals shall include spring 
diameters, deflections, free spring heights, solid spring heights and operating heights. Be 
similar to Mason Type SLF; Korfund Series L; Amber-Booth Type SW. 

 
C. Spring Mounts, Open Type, Restrained (Unit SMOR): Free standing springs; laterally 

stable; 1/2 inch neoprene acoustical friction pads between bottom baseplate and the 
supporting surface; leveling bolts; provision for bolting the mount to the equipment (unless 
otherwise specified); spring diameters not less than 0.8 of the compressed height of the 
spring at rated load; springs shall have a minimum additional travel to full compression of 
50% of the rated deflection; 1-inch minimum static deflection (unless otherwise specified); 
restraint consisting of welded steel channel ends for outdoor installation and welded steel 
studs for indoor installation; restraint shall have restraining bolts connecting top plate and 
lower housing to limit vertical rise of isolated equipment when load is reduced; vertical 
clearance of 1/8 to 3/8 inch shall be maintained between spring top plate and housing 
(leveling bolts shall be adjusted to maintain this clearance). Submittal shall include spring 
diameters, deflections, free spring heights, solid spring heights and operating heights. Be 
similar to Mason Type SLR; Amber-Booth Type CT. 

 
D. Spring Mounts, Housed, Unrestrained (Unit SMHU): Springs free standing within their 

housing; laterally stable; 1/2 inch neoprene acoustical friction pads between bottom 
baseplate and the supporting surface; leveling bolts; provision for bolting the mount to the 
equipment (unless otherwise specified); spring diameters not less than 0.8 of the 
compressed height of the spring at rated load; springs shall have a minimum additional 
travel to full compression of 50% of the rated deflection; 1-inch minimum static deflection 
(unless otherwise specified); welded steel housing; vertical clearance of 1/8 to 3/8 inch 
shall be maintained between spring top plate and housing (leveling bolts shall be adjusted 
to maintain this clearance). Submittal shall include spring diameters, deflections, free 
spring heights, solid spring heights and operating heights. Be similar to Mason Type C. 

 
E. Neoprene and Spring Hangers, Vertical Deflection (Unit NSHV): Steel housing for 

undampened support of the spring: Provisions for attachment of hanger rods; reinforced 
neoprene washer and grommet to break up metal to metal contact; free standing spring; 1 
inch minimum static deflection (unless otherwise specified) spring diameters not less than 
0.8 of the compressed height of the spring at rated load; springs shall have a minimum 
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additional travel to full compression of 50% of the rated deflection. Submittals  shall include 
spring diameters, solid spring heights, free spring heights, deflections, overall hanger 
dimensions and maximum hanger rod diameter which can be accommodated by the 
hanger. Be similar to Mason Type DNHS: Amber-Booth Type BSR. 

 
F. Neoprene and Spring Hangers, Vertical and Angular Deflection (Unit NSHVA): Shall 

contain a laterally stable steel spring and 0.3" reflection neoprene or fiberglass element in 
series. A neoprene neck shall be provided where the hanger rod passes through the steel 
box supporting the isolator mount to prevent metal to metal contact. Spring diameters and 
hanger box lower hole sizes shall be large enough to permit the hanger rod to swing 
through a 30 degree arc before contacting the hole and short circuiting the spring. Springs 
shall have a minimum additional travel to solid equal to 50% of the rated deflection. Mason 
Type 30N. 

 
G. Neoprene and Spring Hangers, Vertical Deflection, Position Type (Unit NSHVP): Steel 

housing for undampened support of the spring; provisions for attachment of hanger rods; 
reinforced neoprene washer and grommet to break up metal to metal contact; free standing 
spring; 1 inch minimum static deflection (unless otherwise specified); spring diameters not 
less than 0.8 of the compressed height of the spring at rated load; springs shall have a 
minimum additional travel to full compression of 50% of the rated deflection; be capable of 
holding the supported item at fixed elevation during installation with secondary adjustment 
to transfer the load to the spring while maintaining a fixed position; scale and pointer to 
indicate the deflection. Submittals shall include spring diameters, solid spring heights, free 
spring heights, deflections, overall hanger dimensions and maximum hanger rod diameter 
which can be accommodated by the hanger. Be similar to Mason Type PCDNHS: Amber-
Booth Type PBS. 

 
H. Neoprene and Spring Hangers, Vertical and Angular Deflection, Position Type (Unit 

NSHVAP): Shall contain a laterally stable steel spring and 0.3" deflection neoprene or 
fiberglass element in series. A neoprene neck shall be provided where the hanger rod 
passes through the steel box supporting the isolator mount to prevent metal to metal 
contact. Spring diameters and hanger box lower hole sizes shall be large enough to permit 
the hanger rod to swing through a 30 degree arc before contacting the hole and short 
circuiting the spring. Springs shall have a minimum additional travel to solid equal to 50% 
of the rated deflection. Be capable of holding the supported item at the fixed elevation 
during installation with secondary adjustment to transfer the load to the spring while 
maintaining a fixed position; scale and pointer to indicate the deflection; similar to Mason 
Type PC30N. 

 
I. Neoprene-In-Shear Hangers (Unit NH): Steel housing for undampened support of the 

neoprene; provisions for attachment of hanger rods; neoprene-in-shear isolator; similar to 
Mason Type HD, Amber- Booth Type HRD. 

 
J. Neoprene-In-Shear Mounts (Unit NM): Double deflection neoprene-in-shear mountings 

shall have a minimum static deflection of 0.35". All metal surfaces shall be neoprene-
covered. The top and bottom surfaces shall be neoprene ribbed and bolt holes shall be 
provided in the base. On equipment such as small vent sets and close coupled pumps, 
steel rails shall be used above the mountings to compensate for the overhang; steel rails 
shall be by same manufacturer as vibration isolators and equivalent to Mason Industries 
Type DNR. Mounts shall be Mason Industries Type ND, Consolidated Kinetics Type RD or 
Vibration Mounts and Controls Series RD. 

 
K. Flexible Pipe Connectors: Same internal diameter as the pipe in which the connector is 

installed (not necessarily internal diameters of inlets or outlets of equipment). 
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1. Both recommended by the manufacturer and approved by the Architect/Engineer to be 
suitable for handling the conveyed fluid at all conditions (maximums and minimums of 
temperatures, pressures, velocities, etc.) encountered for each particular application. 

2. Of proper design to absorb the combination of vibratory and/or expansion or 
contraction motions (lateral and/or axial and/or angular) encountered at each 
installation point (for example, do not use hose type where axial motion is encountered 
at the installation point unless so recommended by the manufacturer and approved by 
the Architect. 

3. Stainless steel bellows type (Unit SSB): Heavy duty steel restraining rods and spacers; 
laminated  steel bellows; steel flanges; permit axial, lateral and angular movement; 
rated to withstand 180oF operating temperature and 150 psig working pressure for 
chilled water; 250oF operating temperature and 150 psig working pressure for heating 
hot water; similar to Keflex Series 151 or 301. 

4. Stainless steel hose type (Unit SSH): Rated to withstand 180oF operating temperature 
and 150 psig working pressure; have flanges except 2-1/2 inch and smaller sizes may 
have screw type fittings installed with a union at one end or with screw-on flanges at 
both ends; net flexible lengths shall be at least 6 pipe diameters for pipe up to 5 inch ID 
and not less than 36 inches for pipe 6 inch ID and greater; corrugated bellows with 
stainless steel wire braid restraining sheath; similar to Flexonics Type RW, RF or 
Series 400, Mason Type BSS, Keflex Series SSH. 

 
L. Acoustic Seals (Unit AS): Consist of an S-shaped molded synthetic rubber seal attached 

with stainless steel clamps to the pipe wall sleeves and to carrier piping. Wall sleeves shall 
be two pipe sizes larger than the carrier pipe and/or its insulation. Amber-Booth Type 301. 

 
M. Inertia Bases (Unit IB): 

1. Weigh at least 1.5 times the weight of the particular machine being supported. 
2. Rectangular welded structural channel steel perimeter frame. 
3. Reinforced concrete. 
4. Height saving support brackets. 
5. Width and length at least 6 inches beyond machine's overall width and length (if 

necessary, larger for pumps as required to support suction and discharge wells). 
6. Structural steel channel depth and concrete base depth shall be a minimum of 1/15th 

of the longest base dimension but not less than 6 inches. 
7. Forms shall include 1/2 inch (or larger if necessary) steel reinforcing bars welded in 

place on 6 inch centers running both ways across the width and length in a layer 1-1/2 
inches above the bottom of the base. Drilled steel members with sleeves welded below 
the holes to receive equipment anchor bolts. 

8. Similar to Mason Type KSL Base. 
 

N. Steel Equipment Frames (Unit SEF): Frames shall consist of structural steel sections 
sized, spaced and connected to form a rigid base which will not twist, rack, deform or 
deflect in any manner that will negatively affect the operation of the supported equipment 
or the performance of the vibration isolation mounts. Frames shall be of adequate size and 
plan form to support basic equipment units and motors plus any associated pipe elbow or 
duct elbow supports and electrical control elements or other components closely related 
and requiring resilient support in order to prevent vibration transfer from equipment to the 
building structure. Frames shall include side mounting brackets for attachment to Unit 
SMOU isolator or other specified isolator. The clearance between the underside of any 
frame or mounted equipment unit and the top of the building structure below shall be at 
least 2 inches. 
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O. Neoprene Pads (Unit NP): Waffle or ribbed pattern neoprene pads shall be fabricated from 
40-50 Durometer neoprene. Mason Type W. 

 
P. Isolation rails, curb mounted, for roof mounted air handling units (Unit IRCM): Curb 

mounted roof top units shall each be isolated with a continuous roof top isolation assembly 
consisting of extruded aluminum rails formed to fit curb and equipment with a flexible air 
and weather seal continuously joining the two rails and incorporating spring isolators sized 
for 1" static deflection. Flexible weather seals shall be 1/16th inch thick minimum reinforced 
Neoprene protected from direct sunlight and accidental puncture by an extruded aluminum 
shield and shall be capable of being replaced completely without disturbing the unit 
mounting. Springs shall be stable with a KX/KY (horizontal to vertical spring rate) of 1.0 or 
greater and be properly sized to support the load at 1" static deflection. Isolation assembly 
shall have Neoprene cushioned wind restraints which are not engaged in normal operation 
with sufficient capacity to resist wind load in any direction without distortion or damage to 
the isolated equipment. Entire assemblies shall be shipped in one piece to eliminate field 
joint and possible leakage. Mason Industries CMAB. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. All isolators shall be installed in strict accordance with the manufacturer's instructions and 

shall be properly adjusted prior to requesting final inspection or the performance of any 
vibration testing specified. 

 
B. Each item of equipment (machinery, piping, etc.) which is provided with vibration isolation 

equipment shall rest in its intended, proper operating position (i.e. exactly level, etc.) after 
installation of vibration isolation equipment. Approval of such vibration isolation equipment 
by Architect/Engineer shall not relieve the Contractor of this responsibility. 

 
C. Equipment which is specified to rest on concrete housekeeping pads shall have Unit NP 

pads unless otherwise indicated. 
 

3.2 PIPING IN AIR HANDLING UNIT EQUIPMENT ROOMS 
 

A. General: 

1. Isolators for equipment are described elsewhere in this specification; and it shall be the 
responsibility of the vibration isolation manufacturer to coordinate the selection of 
piping supports with equipment supports to provide for a carefully engineered system 
designed to accommodate expansion and contraction without creating excessive 
stress at any equipment connections or in any portion of the piping. 

2. Hangers for horizontal piping shall be installed at regular intervals. Pipe risers shall be 
supported at the base of the riser. Submit hanger schedule. 

3. The first three piping supports away from any given piece of vibrating equipment to 
which piping is connected shall be selected for an operating spring deflection not less 
than that specified for the equipment isolators. All other vibration isolation supports for 
horizontal piping shall have a minimum operating deflection of 3/4" with capability of 
50% additional travel-to-solid. All supports for pipe risers shall have deflection 
capability at least four times the expansion or contraction to be accommodated. 

4. Temporary anchors, where required, shall be installed to permit pre-adjustment of 
springs in risers. Pre-adjustment procedure, which is intended to control direction of 
pipe movement and final operating deflection of the springs, shall be detailed in 
submittal data. 
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5. Permanent limit stops shall be installed to prevent excessive vertical motion of risers in 
the event water is drained from system. Locations and other details of these limit stops 
shall be submitted to Architect/Engineer for acceptance. 

6. Piping connected to vibration isolated equipment shall be installed so that it does not 
strain or force out of alignment vibration isolators supporting the basic equipment, nor 
shall pipes restrict such equipment from "floating" freely on its respective vibration 
isolation system. 

7. Drain piping connected to vibrating equipment shall not physically contact any building 
construction or non-isolated systems or components. 

8. Do not allow the weight of the pipe to be carried by walls through which the pipe passes. 
B. Isolator Locations: 

1. Ceiling hung piping to air handling units: Provide neoprene and spring hangers, vertical 
and angular deflection (Unit NSHVA) at the first three support points of pipe runs 
connected to the vibrating equipment or at all support points along the first 50 feet of 
pipe runs connected to the vibrating equipment, whichever length is greater, but not to 
exceed length of mechanical equipment room. 

2. Floor supported piping to air handling units: Provide resilient support for floor 
supported piping same locations as specified above for ceiling hung piping. Provide 
open type unrestrained spring mounts (Unit SMOU) for first three support points; use 
neoprene-in-shear mounts (Unit NM) thereafter and both with supplemental supports 
as required by job conditions. 

3. Acoustic Seals: Provide acoustic seals (Unit AS) at all wall, ceiling and floor openings 
through which pipe runs from equipment rooms into adjoining spaces. 

 
3.3 PIPING IN MAIN CENTRAL MECHANICAL EQUIPMENT ROOM 

 
A. General: The requirements of the paragraph entitled "General", in the above article entitled 

"Piping in Air Handling Unit Equipment Rooms" shall also apply. Also, the following is 
applicable: 

1. In order to be certain that the piping weight is properly distributed and not distorting the 
machine flanges, the first four hangers from each machine connection shall be position 
hangers. 

 
B. Type and Extent of Piping to Isolated: 

1. All piping connected to any kind of pump, pump assembly, chiller, air compressor 
assembly, air handling unit, or other type of vibrating equipment shall be isolated as 
follows. This includes (but is not necessarily limited to) piping conveying chilled water, 
condenser water, condensate, domestic water, fire protection water, make-up water 
and compressed air. 

2. This spring isolation shall be continuous throughout the piping systems of the main 
central mechanical equipment room. 

 
C. Basic Isolator Types: 

1. Floor Supported Piping: Unit SMOU, SMOR or SMHU, as applicable. 
2. Piping Suspended from Above: Units NSHVA or NSHVAP, as applicable. 
3. Static Deflection: As recommended by the vibration isolation manufacturer as 

dependent upon size, length and weight of applicable piping and its conveyed fluid. 
4. Acoustic Seals: Provide acoustic seals (Unit AS) at all wall, ceiling/floor openings 

through which pipe runs into adjoining spaces. 
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3.4 AIR HANDLING UNITS, FACTORY PACKAGED 
 

A. Floor Mounted: 

1. Spring mounted (Unit SMOU) with 1 inch minimum static deflection when AHU motor is 
5 hp. or less; spring mounts with 2 inch minimum static deflection when AHU motor is 
7-1/2 hp. or greater. Instead of bolting the units to the spring mounts, provide height 
saving brackets. 

2. Flexible duct connections as specified in "Duct System Accessories" section. 
3. Flexible pipe connectors (Unit SSB). 
4. Steel equipment frame (Unit SEF) manufacturer's standard unit frame or base is not 

sufficiently stiff and rigid to permit point vibration isolation. 
5. Mount equipment on reinforced concrete pads as specified in other sections. 

 
3.5 FAN COIL UNITS AND FANS, IN-LINE CENTRIFUGAL LIGHT DUTY AND HEAVY DUTY 

 
A. Flexible duct connectors as specified in "Ductwork". 

 
B. Neoprene-in-shear hangers (Unit NH). 

 
C. Piping (first 10 feet) with neoprene hangers (Unit NH). 

 
3.6 FANS, IN-LINE CENTRIFUGAL HEAVY DUTY 

 
A. Suspended from Structure: 

1. Spring hangers (Unit NSHV) with 1-inch minimum static deflection when motor is 5 HP 
or less; spring hangers (Unit NSHV) with 2-inch minimum static deflection when motor 
is 7-1/2 HP or greater. 

2. Flexible duct connectors as specified in Section entitled "Ductwork". 
 

3.7 MANUFACTURER'S SUPERVISION 
 

A. The Contractor shall include in his price the cost of the vibration isolation manufacturer or 
his qualified representative for providing such supervision as may be necessary to assure 
correct installation and adjustment of the isolators. Upon completion of the installation and 
after system is put into operation, the manufacturer or his representative shall make a final 
inspection and submit his report to the Architect/Engineer in writing certifying the 
correctness of installation and compliance with approved submittal data. 

 

END OF SECTION 23 05 48 
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SECTION 23 05 53 - IDENTIFICATION OF PIPING SYSTEMS AND 
EQUIPMENT 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

conditions and Division-01 Specification sections, apply to work of this section. 
 

1.2 SCOPE 
 

A. Provide complete identification of the mechanical systems including piping, valves and 
equipment as noted herein. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Divisions 21, 22 and 23 and to all other applicable portions of the 
Drawings and Specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Piping and the interconnected equipment and component items for the following 
systems: 

a. Chilled water. 
b. Insulation. 

 
1.4 APPLICABLE PIPING AND RELATED ITEMS 

 
A. Piping and interconnected equipment and component items for the following systems shall 

be identified. Identification of the following systems shall not preclude the identification of 
other systems where identification of such other systems may be specified in other 
sections. Systems requiring identification as work of this section are: 

1. Chilled water. 
 

1.5 SHOP DRAWINGS 
 

A. Refer to Section entitled "General Mechanical Provisions". Provide schedule of colors, 
lettering, tagging, handling and similar items to clearly identify proposed method of 
identification for mechanical systems. 

 
1.6 DIMENSIONS 

 
A. Pipe dimensions as used in this section refer to the total outside dimensions (diameters) of 

both the pipe and its insulation (if any). 
 

PART 2 - PRODUCTS 
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2.1 GENERAL 
 

A. Comply with ANSI A13. 1-1975, "Scheme for Identification of Piping Systems" and OSHA 
requirements, or as otherwise indicated. 

 
B. Acceptable Manufacturers: W. H. Brady Co., 2223 West Camden Road, Milwaukee, WI 

53201; Seton  Name Plate Corporation, 592 Boulevard, New Haven, CT 06505, or 
equivalent. 

 
2.2 MARKERS, BANDS, TAGS AND LABELS 

 
A. Markers: Must have approved color coded background, proper color of legend in relation to 

background color, approved legend letter size, approved length and flow arrow indicator. 
1. Pipes 3/4" through 5" O.D.: Seton "Setmark" Type SNA marker or equivalent. 
2. Pipes 6" O.D. and Greater: Seton "Setmark" Type STR marker or equivalent. 

 
B. Bands: Color coded in minimum widths of 2-1/4" for pipe through 12" O.D. and 4" for pipe 

14" O.D. and greater. Brady B-500 Vinyl Cloth, B-350 PermaCode or B-946 Outdoor Film 
or equivalent as applicable. 

C. Valve Tags: Each tag shall designate appropriate service and valve number. Be securely 
attached with meter seals with 4-ply 0.018 copper smooth wire, or brass "S" hooks, or 
brass jack chain in a manner to allow easy reading. Provide either of the following types: 

1. Brass Type: Minimum 19 gauge polished brass; 1-1/2" min. diameter. Acceptable: 
Seton Style 250- BL or equivalent. 

2. Aluminum Color Coded Type: Anodized aluminum; 2": min. diameter. Acceptable:  
Seton Style 2070 or equivalent. 

3. Aluminum Alloy Type: 16 gauge sheet aluminum: depressed type letters filled with 
black enamel.  Face and periphery of satin finish Alumilite, Alcoa 204A2 or equal, free 
from burns and scratches. Seton Type 4 or equivalent. 

4. Fiber Glass Type: 1/16" thick glass fiber reinforced resin. 2" x 2" size of 2-1/2" x 9" size 
as necessary to identify item. Brady Series No. 2297 or equivalent. 

 
D. Labels: Provide either of the following types: 

1. Plastic Type: Outdoor grade acrylic plastic to withstand weather, abrasion, grease, 
acid, chemical and other corrosive conditions; 1/16" min. thickness. Sized 3/4 x 2-1/2, 
1 x 2-1/2, 1 x 3 or 1-1/2 x 4 as necessary to identify item. Seton "Setonite" or 
equivalent. 

2. Aluminum Type: Engraved, flexible, 0.020" thick aluminum. Sized 3/4 x 2-1/2, 1 x 3, 1-
1/2 x 4 or 3/6 as necessary to identify item. Seton No. 06505 or equivalent. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Apply only after completion of insulation, painting and cleaning work so that final 

identification is not disfigured by such other work. 
 

B. Coordinate with actual composition and operating temperatures of surface on which 
identification is to be placed so that proper permanent adhesion of markers and labels to 
surface is obtained. 
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C. Locate marking and banding where practical such that groups of pipe are identified at 
similar location for ease of visual tracking. For example, mark and band parallel runs of 
pipe which are side-by-side at the same general place. 

 
D. Small pipes less than 3/4" diameter may be identified with tags similar to those specified for 

valves. 
 

E. Adhere or affix all identification items permanently except where removal may be 
necessary for maintenance or service. 

 
3.2 MARKERS AND BANDS 

 
A. Provide on piping as follows: 

1. Pipe Concealed in Inaccessible Locations (e.g., Chases, Underground): No 
identification required. 

2. Pipe Concealed in Accessible Locations (e.g., Ceiling Plenums): 

a. Markers every 30 feet of pipe length. Bands every 15 feet of pipe length. 
 

3. Pipe Exposed in Equipment Rooms: 

a. Markers every 15 feet of pipe length for pipe through 12 inches O.D. and every 30 
feet for pipe 14 inches O.D. and greater. 

 
4. Bands every 10' of pipe length for pipe through 12" O.D. and every 25' for pipe 14" O.D. 

and greater. 
5. Exterior Pipe, Exposed: No identification required unless otherwise indicated. 

 
3.3 VALVE TAGS 

 
A. Valve tags shall be installed on the following items: 

1. All motorized valves (except those valves associated with direct control of flow to air 
handling apparatus whereby the valve may be identified by reference to the item of 
equipment it serves). 

2. All fire protection system valves located in mains and branches (except those valves in 
fire hose cabinets). 

3. All manual valves which perform functions other than isolation of an equipment item for 
servicing.  This includes, but is not limited to, valves in valve stations, remote locations 
where use is not evident due to proximity of equipment or other piping, and similar 
locations. 

4. Small piping (other than domestic water) where markers are impractical. 
5. Small but critical equipment items on which it is impractical to install labels. 

 
3.4 VALVE TAG LISTS 

 
A. Prior to substantial completion, provide a complete list of all valves having tags. Indicate 

the following on such list: 

1. Valve size. 
2. Valve location. 
3. Valve type. 
4. Service application. 
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5. Valve manufacturer and model number. 
6. Pressure class and allowable working pressure. 

 
3.5 LABELS 

 
A. Provide labels of proper size on mechanical system equipment including but not limited to, 

pumps, chillers, tanks, major piping components such as air separators, air handling 
equipment, fans, control panels, terminal units, flow stations, reheat coils and similar 
items. 

 
3.6 COLORS 

 
A. Colors for piping systems and equipment which are required to be painted shall be as 

follows for those systems which may be applicable to this project: 

1. Domestic Cold Water: Medium green enamel with domestic cold water legend. 
2. Domestic Hot Water and Domestic Hot Water Recirculation: White insulation with 

yellow tape or metal bands with domestic hot water (domestic hot water recirculation) 
legend. 

3. Chilled Water Piping: Blue mastic with blue tape or bands with chilled water supply (or 
return) legend. 

4. Heating Hot Water Piping: Burnt orange with heating hot water supply (or return) legend. 
5. Gas Piping: Yellow with gas legend. 
6. Condenser Water Piping: Tan with condenser water supply (or return) legend. 
7. Roof Drainage Piping: Light green with storm water legend. 
8. Natural or L.P. Gas Piping: Yellow with gas legend. 
9. Equipment Hot Vent Piping (Below 100oF): Light brown with vent legend. 
10. Equipment Hot Vent Piping (Above 100oF): Light brown tape or bands over insulation 

or metal jacket with vent legend. 
11. Fuel Oil (Supply, Return, Vent) Piping: Yellow with fuel oil legend. 
12. Generator Exhaust Piping: 

a. Insulated: White insulation with yellow tape or band with generator exhaust legend. 
b.  Bare Pipe and Fittings: Silver (suitable for extra high temperature application). 

 
13. Sanitary Sewer and Vent Piping: Brown with sanitary sewer (vent) legend. 
14. Electrical conduit (not specified as painted in other divisions of these specifications): 

Silver. 
 

B. Identification: Coordinate colors and finishes with pipe identification. 
 

END OF SECTION 23 05 53 
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SECTION 23 05 93 - PERFORMANCE VERIFICATION, PRELIMINARY 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawing and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Put all work in a state of readiness for final performance verification. 

 
B. Final performance verification shall not begin until the systems are complete and operable 

in all respects and all related building systems are complete. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division 23 and to all other applicable portions of the Drawings and 
Specifications. 

 
B. Refer to the section which describes "Performance Verification, Final". 

 
PART 2 - PRODUCTS 

 
This section not applicable. 

 
PART 3 - EXECUTION 

 
3.1 WATER SYSTEMS 

 
A. Prepare each water system for balancing in the following manner: 

1. Open all valves to the full position, including coil stop valves; close bypass valves, and 
open return line balancing cocks. 

2. Clean all strainers. 
3. Examine fluid in each system to determine that it has been treated and is clean. 
4. Check pumps for proper rotation. 

 
B. Check expansion tanks for full capacity of water and the absence of air lock. 

 
C. Check all air vents at high points of system for proper installation and free operation. 

Remove all air from circulating system. 

1. Set all temperature controls for full heat or full cooling (as applicable) from all coils. 
2. Check for proper operation of any automatic bypass valves. 

 
3.2 AIR SYSTEMS 

 
A. Prepare the air side for balancing in the following manner: 

1. All fans, blowers, and air handling equipment shall be mechanically checked and 
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available to operate under design conditions. 
2. All splitters, volume dampers, fire dampers, and vanes shall be in their neutral positions. 
3. All grilles, diffusers, and like items, shall be installed with dampers, vanes, and blades 

in their neutral positions. 
4. All controls, whether they are electronic, electric or pneumatic or a combination thereof, 

shall be mechanically checked and ready to operate under design code in an operable 
and non-overloading condition. 

 
3.3 ADDITIONAL REQUIREMENTS 

 
A. Complete Installation: The Contractor shall complete the equipment and system installation 

to the satisfaction of the Architect/Engineer (who will be the sole judge of its state of 
readiness) prior to advising, the writing, that final performance verification is ready to 
begin. The Contractor is hereby advised that the Certificate of Substantial Completion will 
not be issued prior to the completion of final performance verification work and that he 
should therefore, schedule all other work accordingly allowing no less than 60 days for 
completion of final performance verification. 

 
B. Clean, Flush and Fill Systems:  The Contractor shall include the cleaning, flushing, filling, 

and venting of all hydronic and steam systems; the setup, check-out, and startup of 
chemical treatment systems; and the setup, checkout and startup of all equipment as work 
to be complete prior to the start of final performance verification. 

 
C. Correction of Defects: The Contractor shall promptly and properly correct all defects in 

workmanship, material, installation and equipment of which he is aware prior to requesting 
that final performance verification work begin. Once the final performance verification work 
has begun, the Contractor shall promptly correct all defects in workmanship, materials, 
installation, and equipment as they are called to his attention by Architect/Engineer. 

 
D. Drive Changes: Changes in pulleys or belts required for correct final balance during testing 

shall be made at no additional cost. 
 

E. Scheduling and Coordination: The Contractor shall be responsible for proper scheduling 
and coordination of work involved in preliminary performance verification. This shall 
include, but is not necessarily limited to the timely provision of: mechanics, tools, 
equipment, correction of defects, equipment manufacturer's representatives, test modules, 
and all other items which may be required. 

 
F. Report: Submit a written report describing and certifying in detail all preliminary 

performance verification items and tasks that have been performed. Approval of this report 
by the Architect/Engineer will precede final performance verification. 

 

END OF SECTION 23 05 93 
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SECTION 23 05 94 – PERFORMANCE VERIFICATION, FINAL 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division-01 Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Provide the services of an independent test and balance agency to verify the performance 

of the complete heating, ventilating and air conditioning systems as described by Division 
23. Performance verification shall be accomplished by established testing and balancing 
procedures as described in this section. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of Division 23 and to all other applicable portions of the Drawings and 
Specifications. 

 
1.4 TEST AND BALANCE AGENCY 

 
A. All performance verification shall be performed by an independent test and balance agency 

(herein referred to as the "T & B Agency") which is fully certified by and a current member 
of the Associated Air Balance Council (AABC). 

 
1.5 CONTRACTUAL RELATIONSHIP 

 
A. Performance verification shall be performed as a service of the T & B Agency directly to 

the Contractor with no other subcontractors as part of the agreement. 
 

B. Performance verification is specified in this Division 23 only because it relates 
predominantly to Division 23 work. However, the inclusion in this Division 23 of this section 
covering performance verification shall not preclude the contractual agreement of the T & B 
Agency from contracting directly to the Contractor with no other subcontractors as part of 
such agreement. 

 
1.6 AGENCY APPROVAL 

 
A. Submit the name and qualifications of the proposed T & B Agency to the 

Architect/Engineer for approval within thirty (30) days of Notice to Proceed. 
 

B. Include AABC National Project Certification Performance Guaranty. 
 

1.7 WORK INCLUDED 
 

A. The T & B Agency shall provide all labor, supervision, professional services, tools, test 
equipment and instruments (except as otherwise specified) to perform the following work 
and all other work of this section: 
1. Review the automatic temperature control and air terminal unit specifications for their 

respective and combined effects on the testing and balancing procedures for the air 
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and hydronic systems. 
2. Where in the opinion of the T & B Agency conditions may exist in the system design or 

construction that may have the potential of adversely affecting system performance, 
then the T & B Agency shall identify the condition and submit in writing recommended 
correctives for consideration by the Architect/Engineer. 

3. During construction, review those shop drawings which have relevance to performance 
verification to confirm that the required piping, ductwork and equipment, and their 
respective specialties and accessories such as gauges, valves, dampers, access 
doors, etc., are properly selected, sized and located to permit proper and complete 
testing and balancing to be accomplished. 

4. Perform site inspections to verify compliance with documents, and observe pressure 
tests on ductwork. 

5. Perform a complete air and hydronic test and balance of all heating, ventilating, air 
conditioning and exhaust air systems and all water and steam systems shown and 
described on the Construction Documents and as further described herein. 

6. Submit Equipment Test and Systems Balance Report. 
7. Furnish specifications to Contractor for properly sized fixed sheaves on fan systems 

after proper RPM has been established. 
 

1.8 EXISTING SYSTEMS 
 

A. Prior to balancing and testing the new systems, obtain test data on those existing systems 
which may be affected by the new work. Then, after the new work is provided, rebalance (if 
and as necessary) those existing systems so that they operate at the same conditions 
under which they were operating prior to the new work. 

 
B. The above test data shall be provided as part of the test and balance report. The test data 

shall include the water and air flow rates and temperatures entering and leaving any 
equipment items which are part of the existing heating, ventilating and air conditioning 
system. However, only the fluid affected by the new work need be tested (for example, an 
air handling unit which is unaffected on its airside but which is affected on its waterside 
need only have water data obtained). Also, if a piping system branch serves a group of 
units, then only the flow at the existing branch need be measured and not necessarily the 
flow at each air handling unit served by the branch (unless measurement at each unit is the 
only way to obtain the branch total flow). 

 
1.9 GUARANTY 

 
A. The T & B Agency shall include a warranty period of ninety (90) days after completion and 

acceptance of test and balance work. During the warranty period, the Architect/Engineer 
may request a re-check or re- setting of any system component requiring testing and 
balancing. The T & B Agency shall provide technicians, instruments, and tools to assist the 
Architect/Engineer in conducting any test that he may require during this time. The 
foregoing shall be in addition to the A.A.B.C. National Project Certification Performance 
Guaranty which shall also be provided. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. The tangible product of this section shall include the reports and documentation necessary 

to verify the systems' performance. 
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2.2 REPORT 
 

A. The T & B Agency shall in the course of his work record the information herein specified. 
Recorded test data shall be at the final balanced condition for each system. Recorded data 
shall be arranged by system using the appropriate designation as established on the 
Construction Documents. Four (4) copies of the final report signed, bound and indexed 
shall be submitted to the Architect/Engineer for his approval or comments. 

 
B. Where actual measurements recorded for the final balance show deviations of more than 

10% from the design, the T & B Agency shall note same in the report and submit 
recommendations for corrective action to the Architect/Engineer for his consideration. 

 
C. In those cases where recorded data can be reasonably interpreted to be inaccurate, 

inconsistent and/or erroneous, the Architect/Engineer may request additional testing and 
balancing. The T & B Agency shall at no additional cost perform such retesting and 
rebalancing as directed by and in the presence of the Architect/Engineer. 

 
D. Where, in the opinion of the T & B Agency, there is excessive vibration, movement or noise 

from any piece of equipment, ductwork, pipes, etc., the T & B Agency shall note same in 
the report and submit recommendations for action to the Architect/Engineer. 

 
E. The T & B Agency shall verify that each thermostat and the devices it is controlling, such 

as control valves, motorized dampers, VAV boxes, etc., operate in the exact sequence 
required. 

F. Test Data: Include the following data in the Systems Test and Balance Report: 

1. Motors: 
Manufacturer 
Model and serial number Rated amperage and voltage Rated horsepower 
Rated RPM 
Corrected full load amperage Measured amperage and voltage Calculated BHP 
Measured RPM 
Sheave size, type and manufacturer 

2. Fans: Manufacturer 
Model or Serial number, BI or Air Foil - number of blades Rated CFM, measured CFM 
Rated RPM, measured RPM 
Measured pressures - Inlet and Outlet Static Pressure Pulley size, type and 
manufacturer 
Belt size and quantity Rated TSP 
Operating TSP & operating ESP (at discharge side of Supply Fan or suction side of 
Exhaust/Return Fan) 

3. Pumps: 
Manufacturer 
Model or Serial number, impeller size Rated RPM, measured RPM 
Rated head, measured head Rated pressures 
Measured discharge pressure (full flow and no flow) Measured suction pressure (full 
flow and no flow) Measured GPM 
Operating head Operating RPM 

4. Air Systems (including inlets and outlets): 
Provide single line diagrammatic plan locating each air inlet and outlet and its reference 
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number. 
Grille or diffuser reference number and manufacturer. Grille or diffuser location. 
Design velocity. Design CFM. 
Effective area factor and size. Measured velocity. 
Measured CFM Terminal Unit CFM 

G. Other Report Requirements: Where any systems have equipment or components which 
are not covered  by the above, then the Final Test and Balance Report shall include the 
following data as applicable to such equipment or systems to confirm actual operation: 

1. All inlet and outlet areas. 
2. All applicable duct, pipe and coil sizes. 
3. Outside, inside, mixed and supply air conditions. 
4. All fluid velocities, flow rates, temperatures and pressures at appropriate locations. 
5. All speeds. 
6. All voltage and ampere ranges. 
7. Descriptions of each test method used. 

 
2.3 INSTRUMENTATION 

 
A. All test and balance equipment and instruments to be furnished by the T & B Agency shall 

have been calibrated within six (6) months of use on this work. A list of equipment and 
instruments to be used shall be submitted to the Architect/Engineer prior to commencing 
test and balancing operations and shall include equipment and/or instruments, name, 
manufacturer, serial number and certification of last calibration date. Instruments without 
calibration adjustment capability shall be accompanied with manufacturer's certification of 
accuracy. Test and balance equipment and instruments furnished by the Contractor to the 
T & B Agency shall be accompanied with certification as required above. The T & B 
Agency shall be responsible for the protection from damage due to accident, abuse or 
misuse, all equipment and instruments provided by the Contractor, and shall return same 
in good working condition at the completion of the test and balance work to the Contractor. 
The T & B Agency shall repair at his expense to original condition and accuracy or replace 
with like equipment and instruments damaged in the work. 

 
2.4 DIAGRAMS 

 
A. Provide a schematic diagram (i.e., one-line) of duct system(s) tested. Indicate on the 

diagram the  relative location of all air distribution devices, VAV boxes, heating/cooling 
coils, points of data measurements (i.e., pitot traverse, temperature, static pressure) fans, 
air handling units, and similar equipment included in the system. Diagram shall identify 
each component tested. Said identification shall utilize the conventions shown on the 
drawings (i.e., AHU-1 or SF-6) and correlate with the data sheets provided in the Test and 
Balance Report. 

 
2.5 LOGS AND FORMS 

 
A. Logs and forms shall clearly indicate following: 

1. All inlet and outlet areas. 
2. All applicable duct, pipe and coil sizes. 
3. Outside, inside, mixed and supply air conditions. 
4. All fluid velocities, flow rates, temperatures and pressures at significant locations (e.g., 

fluid pressures before and after each pump and fan, temperatures and pressures at 
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supply and return headers and at chiller and boiler inlets and outlets, etc.). 
5. All fan speeds. 
6. All motor ampere ranges. 
7. Descriptions of each test method used. 

 
B. Associated Air Balance Council log and data forms. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Sheaves: The Contractor shall provide applicable fans with V-belt drives and fixed pitch 

sheaves. The Contractor shall provide fans with V-belt drives, variable pitch sheaves. The 
Contractor shall tag the adjustable sheaves, transmit same to Owner, and receive written 
receipt by Owner of acceptance of these sheaves. 

 
B. Load Conditions: All testing and balancing of systems shall be undertaken with maximum 

attainable load. Testing and balancing of all air handling systems shall be accomplished 
with ceiling tile in place and enclosing partitions and doors erected. 

 
C. Observe all equipment and exposed piping for noise, movement or vibrations under normal 

operating conditions and report excesses to the Architect and Owner. 
 

D. Where patented measuring stations are installed, each of these is to be read and recorded. 
In the  hydronic systems, the permanent devices, such as flow tubes with mercury 
manometers, annular ring systems, venturi tubes with portable meters, etc. must be used 
for final measurements after they are completed, calibrated and in satisfactory condition. 

 
3.2 PERFORMANCE VERIFICATION, PRELIMINARY 

 
A. The Contractor, prior to commencement of the balancing by the T & B Agency, shall verify in 

writing: 

1. That strainers have been removed and cleaned. 
2. That all air filters have been installed and are in clean condition. 
3. That expansion tanks have been inspected and that the system is not air bound and is 

completely filled with water. 
4. That all air vents at coils and high points of the piping systems have been inspected 

and are installed and operating freely. 
5. That all automatic valves, hand valves, and balancing valves have been left or fixed in 

the open position for full flow through all devices. 
6. That all linkages between valves or dampers and their actuators are secure. 
7. That all pumps and fans are operating at the specified RPM. 

 
B. The Contractor shall confirm in writing that the systems as scheduled for balancing, are 

operational and complete and that all piping and ductwork have been pressure tested and 
accepted and all affected piping systems have been cleaned, flushed and refilled with 
prescribed treated water and vented. 

 
3.3 PROTECTION OF WORK 

 
A. The Contractor shall protect all mechanical devices during the testing and balancing 

period. The activities of the T & B Agency will include but not be limited to the adjustments 
of designated balancing devices including; adjustment of balancing dampers, adjustment of 
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inlet vane dampers, air splitters, or manual dampers, the adjustment of adjustable sheaves 
for fan speed, the adjustment of balancing valves, or similar devices. The existence of the 
T & B Agency shall not relieve the Contractor of his responsibility for the complete 
operation of the mechanical systems in conformance with the contract documents. 

 
3.4 CORRECTION OF WORK 

 
A. The Contractor shall at no additional cost to the Owner rectify discrepancies between the 

actual installation and contract documents when in the opinion of the T & B Agency the 
discrepancy will significantly affect system balance and performance. 

 
3.5 COORDINATION AND ASSISTANCE 

 
A. The Contractor shall assist the T & B Agency by providing all labor, equipment, tools and 

material required to operate all of the equipment and systems necessary for the testing and 
balancing of the systems and for the adjustment, calibration or repair of all electric or 
pneumatic or automated control devices and components. These services shall be 
available on each working day during the period of final testing and balancing. The 
Contractor shall assist the T & B Agency by arranging to have all ceilings, partitions, 
windows, and doors installed prior to the scheduled commencement of balancing within 
each specified area. 

 
B. The Contractor shall provide to the approved T & B Agency a complete set of plans and 

specifications and an approved copy of all heating, ventilating and air conditioning 
equipment shop drawings. The  Contractor shall include the cost of all pulley, belt, and 
drive changes, as well as balancing dampers required to achieve proper system balance 
recommended by the T & B Agency. 

 
3.6 AIR SYSTEMS 

 
A. The testing and balancing shall include, but is not limited to, the following requirements: 

1. Adjust fan speeds to deliver the required cfm and static pressure, and record rpm and 
full load amperes. 

2. Make pitot tube traverse of main supply ducts to verify design cfm. Seal duct 
access holes with rubber or metal snap-in plugs. 

3. For each supply air system, verify the quantity of outside air and return air when the 
system is operating in the maximum cooling and full heating modes. 

4. Test and adjust each diffuser, grille and register to within 10% of design requirements, 
and also adjust so as to minimize drafts in all areas. Overal total airflow at each system 
level shall be 5% +/-. 

5. Observe all equipment and exposed ductwork for noise, movement or vibration under 
normal operating conditions and report excesses to the Architect/Engineer. 

 
B. After all air distribution devices have been balanced to distribute calculated design 

indicated air quantities and if temperature in any area (where such area does not have the 
particular zone temperature control thermostat located therein) of any zone is not 
maintained within 2 degrees plus or minus of the zone areas which does have the zone 
temperature control thermostat, then notify Architect/Engineer of such conditions and 
obtain approval to rebalance devices to obtain air quantities other than those indicated so 
that air temperature in entire zone will be as even as possible regardless of calculated 
design air quantities. After obtaining approval to rebalance, perform such necessary 
rebalancing. 
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3.7 HYDRONIC SYSTEMS 
 

A. The testing and balancing shall include, but is not necessarily limited to, the following 
requirements as applicable to either or both the hydronic systems and steam systems: 

1. Prior to testing and balancing of each system check all flow meters for proper 
installation, calibration and accuracy. 

2. Measure and adjust pump flow capacity to proper quantity. 
3. Adjust flow through chillers. 
4. Adjust flow through any heat exchangers. 
5. Balance system flows. 
6. Coordinate equipment operation and output performance with the manufacturer's 

representative. Record inlet and outlet temperatures. 
7. Mark or otherwise record settings of adjustable balancing devices which provide the 

design flow requirement. 
8. For each hydronic system record flow rate, pump inlet and outlet pressures and motor 

amperage for each pump for each increment of system flow rate provided by the 
pumping/piping configuration. Variable speed pumps shall operate as constant volume 
pumps at maximum speed for purposes of this record. 

 

END OF SECTION 23 05 94 
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SECTION 23 07 00 - INSULATION, HVAC 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide all work necessary to insulate all equipment, piping, ducts and other items related 

to the piping and duct systems. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, General Mechanical Provisions", for related requirements. Refer to 

other sections of Division-23 and to all other applicable portions of the Drawings and 
Specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Piping systems. 
2. Duct systems. 
3. Cooling equipment. 

 
C. Vessels, tanks, stacks, and other items which contain or convey fluids which are at such 

temperatures as to create condensation or surface temperatures which are hazardous or 
where heat loss or gain prohibits proper system operation. 

 
1.4 SHOP DRAWINGS 

 
A. General: Refer to the Section entitled "General Mechanical Provisions". Shop drawings 

shall contain complete descriptive and engineering data, including flame spread and smoke 
developed ratings (ASTM E84 test method) on all materials and adhesives. Where finishes, 
covers, or jackets are specified, provide complete data on same. Shop drawings shall 
contain specified information on: densities, conductivities, conductances, or resistances as 
required to establish conformance with the specified values or materials. 

 
B. Industry Standards: Where compliance with an industry, society or association standard is 

specified or indicated, certification of such compliance shall be submitted with shop 
drawings. 

 
C. Commencement of Work: Submit shop drawings before any work is commenced. 

 
1.5 STORAGE OF MATERIALS 

 
A. Do not store fiberglass insulation within the building until it has been "dried in". If no other 

dry space is available and this insulation must be installed or stored before the building is 
"dried in" and completely enclosed, provide polyethylene film cover for protection. 

 
1.6 COMPLIANCE WITH CODES AND STANDARDS 
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A. Applicable Codes: The total insulation system including insulation, sealant, finishes,  etc., 

shall comply with or exceed all code requirements. 
 

B. NFPA: All materials and adhesives used shall conform to the requirements of NFPA 90A as 
to flame  spread and smoke developed ratings. 

 
1.7 DEFINITIONS AND TERMINOLOGY 

 
A. Terminology: Throughout this section, insulation products may be described as regards the 

location, surface or other point at which they are to be applied. Except in special cases 
(where a detailed indication or description will be given), the majority of conditions can be 
defined in whole or in part by use of (but not necessarily limited to) any or all of the 
following words: 
1. "Internal" or "External". 
2. "Interior" or "Exterior". 
3. "Concealed" or "Exposed". 
4. "Protected" or "Unprotected". 

 
B. Definitions: Wordage used to describe locations, surfaces or other points or conditions 

shall be defined as follows as related to this section. Where the ascertainment or 
determination of locations, surfaces and other conditions is obvious from the intent of use 
of the item (e.g., roof-mounted ductwork, underground piping, etc.) or from other 
information, then the following words may not be required. If any ambiguity should occur, 
provide bid based on the most severe condition; however, obtain clarification from 
Architect/Engineer prior to installation: 

 
1. "Internal" and "External": Relates to an item or its surface which is to be insulated or 

uninsulated. Does not relate to the confines of the building, structure or other entity in 
which the item is located. (Examples: internal/external surfaces of ductwork, pipe, air 
handling units or other such items.) 

2. "Interior": Relates to the location of an item as to whether the item is within a heated, 
ventilated, air conditioned or otherwise controlled environment of the building, structure 
or other entity in which the item is located. "Interior" is always "Protected". 
(Examples(s): Interior ductwork, interior piping, interior air handling units.) 

3. "Exterior": Relates to the location of an item as to whether the item is outside (i.e., 
exterior to) a heated, ventilated, air conditioned or otherwise controlled environment of 
the building, structure, facility or other entity which the item serves or relates. "Exterior" 
generally means that the item is surrounded by the ambient outside environment. 
"Exterior" is considered "Unprotected" unless otherwise described. (Examples(s): 
exterior rooftop air handling units, exterior ductwork, exterior cooling tower.) 

4. "Concealed" and "Exposed": Relates to the visibility of an item. "Concealed" implies 
out-of-sight from normal view by an occupant, user or employee of the facility when 
such person is performing their normal function. "Exposed" implies that the item is 
readily visible by such a person when that person is performing a normal function.  
(Examples(s):  "Concealed interior ductwork" would be out-of-sight in a ceiling plenum, 
whereas "exposed interior ductwork" would be readily visible in a mechanical 
equipment room or in a room which intentionally had no ceiling system.) 

5. "Protected" and "Unprotected": Relates to an exterior item which may or may not be 
sheltered from the outside elements but which exists in contiguous contact with the 
ambient environment without benefit of any direct heating, ventilating or air 
conditioning. (Example(s):  Piping or ducts located in an open crawl space beneath a 
building would be "protected/concealed"; in an open parking garage such piping or 
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ducts would be "protected/exposed". Piping or ducts on a rooftop would be 
"unprotected" and usually "exposed".) 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Materials: Materials listed are those used as basis of design; equivalent products of 

acceptable manufacturers will be accepted. Materials must be approved and 
recommended by the insulation product manufacturer for the particular application(s). 

 
B. Flame and Smoke Ratings: Application of insulation materials may require, in many cases, 

that the final insulation system comply with NFPA 90A with regard to maintaining a flame 
spread rating of 25 or less and a smoke developed/fuel contributed valve of 50 or less. In 
such cases, verify that the materials comply with the indicated flame spread and smoke 
developed ratings. 

 
C. Applicability: Products and manufacturers listed may not all be applicable. Use only those 

products and manufacturers which are indicated as being applicable to a specific insulation 
condition. 

 
D. Acceptable Manufacturers: Manufacturers which are listed are those manufacturers who 

may make one or more of the insulation products required. Listing of a manufacturer does 
not necessarily mean the manufacturer is approved for all applicable insulation conditions. 
Each listed manufacturer must still comply with the specific requirements of each insulation 
condition to be acceptable for the particular application. Acceptable manufacturers of 
insulation-related products include (but are not necessarily limited to) the following: 
Armstrong; CertainTeed; Childers Products Co.; Knauf; Manville; Owens- Corning; 
Pittsburg Corning; Rubatex; Upjohn Co.; Duracote Corporation; Ferro Corporation; Dow 
Corning Corporation; Duro Dyne Corporation; Goodloe E. Moore, Inc.; 3M Co.; United 
McGill Corporation, Vimasco Corporation; Foster; Gustin-Bacon; Nomaco Inc.; Insulcoustic; 
Molded Acoustical Products; Lion Nokorode and other manufacturers as may be listed for a 
specific application. 

2.2 BASIC MATERIALS 
 

A. Cellular Glass Insulation: Preformed or block type as indicated or as applicable. Fire, water 
and vermin retardant; closed cell glass composition; density of 8.5-pcf. Comply with the 
following: ASTM C 552, "Specification for Cellular Glass Thermal Insulation"; Military 
Specification MIL-I-24244B. Flame spread rating of "5" and a smoke developed rating of 
"0" as per ASTM E 84. Recommended temperature applications from -450oF to 1200oF 
when installed in accord with manufacturer's recommendations. Pittsburg-Corning 
Foamglas. 

 
B. Elastomeric Insulation: Preformed (tube), roll or sheet as indicated or as applicable.  Nitrile, 

rubber  based, closed cell structure. K factor of 0.28 at 75oF. In tube, roll or sheet form of 
3/4-inch thickness or less, ASTM E 84 flame spread rating of "25" or less and smoke 
developed rating of "50" or less. Recommended temperature applications from -40oF to 
220oF when installed in accord with manufacturer's recommendations. Do not install in 
return air plenums unless flame spread rating and smoke developed rating are within 
constraints of applicable codes. Manufacturers and/or series: Armstrong "Armaflex"; 
Manville "Aerotube"; "Rubatex"; Gustin-Bacon "Ultra-Foam". 

C. Fiberglass Insulation: Inorganic fibrous glass.  Flame spread of "25" or less and smoke 
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developed rating  of "50" or less per ASTM E 84. 

1. Board: Rigid or semi-rigid form, faced or unfaced as indicated. Stiffness of 475 EI, 800 
EI or 1400 EI as indicated. 

2. Blanket: Flexible form; faced, unfaced or coated as indicated. 
3. Preformed: Jacketed or unjacketed as indicated. 

 
2.3 INSULATION PRODUCTS, BASIC 

 
A. Type PI-1: Pipe insulation, preformed cellular glass. Pittsburg-Corning "Foamglas" or 

equivalent. 
 

B. Type PI-2: Pipe insulation, preformed jacketed fiberglass. Jacketed with factory-applied 
kraft reinforced foil vapor barrier jacket. Jacket closure system of double pressure-sensitive 
adhesive on longitudinal joints; self-sealing butt strips at circumferential joints; provide 
positive vapor barrier seal. Thermal conductivity (K) of 0.24 at 100oF. Owens-Corning 
Fiberglas ASJ/SSL-II; Manville Micro-Lok with AP-T Plus jacket; CertainTeed 500 Snap-
On; or equivalent. 

 
C. Type PI-3: Pipe insulation, preformed unjacketed fiberglass. Suitable for field-jacketing. 

Thermal conductivity (K) of 0.23 at 100oF. Owens-Corning Fiberglas No-Wrap, Manville 
Micro-Lok, or equivalent. 

 
D. Type PI-4: Pipe insulation, preformed segmental rigid calcium silicate. Thickness as 

indicated; provide single layer where nominal pipe size allows; provide "factory nested" 
double layer when nominal pipe size so requires for the thickness indicated. Owens-
Corning Kaylo; Manville Thermo-12; or equivalent. 

 
E. Type PI-5: Pipe insulation, preformed elastomeric. Rubatex, Armaflex II or equivalent. 

 
F. Type I-1: Cellular glass block insulation. Field formed, fitted and finished as required for the 

application. Pittsburg-Corning Foamglas or equivalent. 
 

G. Type I-3: Elastomeric insulation. Field formed, fitted and finished as required for the 
application.  Armaflex, Rubatex or equivalent. 

 
H. Type I-4: Fiberglass flexible blanket insulation. Unfinished, non-combustible, wool-like; 

composed of long glass fibers bonded with a thermosetting resin. Thermal conductivity (K) 
of 0.23 at 100oF. Applicable where indicated for boilers, vessels, breaching and stacks 
operating at up to 1000oF. Finished or held in place by wire ties, metal lath, lagging or as 
indicated. Owens-Corning Thermal Insulating Wool TIW Type II or equivalent. 

 
I. Type DI-1: Duct insulation, fiberglass flexible blanket wrap. Composed of flexible blanket of 

glass fiber factory laminated to a reinforced foil kraft (FRK) vapor barrier with a minimum 2-
inch taping and stapling flange on one edge. Suitable for operation at temperatures from 
40oF to 250oF. Thermal conductivity of 
0.31 at 75oF. Minimum density of three-quarter (3/4) pound per cubic foot. Provide in 
thickness of (2.2) inches unless otherwise specified as 2-1/2 or 3-inch thickness. Owens-
Corning All Service Faced Duct Wrap; Manville R-Series Microlite; CertainTeed Standard 
Duct Wrap; or equivalent. 

 
J. Type DI-2:  Duct insulation, fiberglass semi-rigid board.  Composed of resin bonded glass 
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fibers faced with a foil scrim-kraft (FSK) reinforced laminate of aluminum foil and kraft 
bonded to provide a metallic surface finish vapor barrier; alternate vapor barrier facing (if 
specifically indicated) is an all service jacket (ASJ) of high intensity white bleached, 
chemically treated kraft paper reinforced with fiberglass yarn mesh and laminated to 
aluminum foil with fire-retardant adhesive to impart a clean, white appearance. Conductivity 
(K) of not greater than 0.23 at 75oF. Provide in thickness of one (1) inch unless otherwise 
indicated. Provide with minimum density of 3-pcf unless 6-pcf is specifically indicated. 
CertainTeed Industrial Insulation Board Type IB-300 (or IB-600); Manville 800 Series Spin-
Glas Type 814 (or 817); Owens- Corning 700 Series Industrial Insulation Board Type 703 
(or Type 705); or equivalent. 

 
2.4 INSULATION ADHESIVES, MASTICS, SEALANTS 

 
A. Adhesive (Type A-E1): For joints and seams in elastomeric insulation (Type I-3) not 

requiring weather protection. Rubatex R-373 Insulation Adhesive; Armstrong 520 Adhesive 
or equivalent. 

 
B. Joint Sealant (Type JS-CG1): Non-hardening vapor barrier sealant specifically designed for 

use with cellular glass insulation (Types PI-1, I-1): Foster's 35-40 Foamseal Sealant, 
Pittsburg-Corning Pittseal  111 Sealant or equivalent. 

 
C. Adhesive (Type A-F1): For adhering fiberglass blanket and board insulations (Types DI-1, 

DI-2) to metal substrate such as ductwork. Insulcoustic I-C 201, Foster 85-20 or equivalent. 
 

D. Mastic, General Purpose (Type M-GP1): Non hardening vapor barrier general purpose 
mastic. For use where indicated or otherwise applicable. Foster GPM 35-00 or equivalent. 

 
2.5 INSULATION FINISHES, JACKETS AND COVERS 

 
A. Finishing Coating (Type FC-E1): For weather protection of elastomeric insulations (Types I-

3, PI-5). Rubatex 374 coating; Armstrong Armaflex Finish or equivalent. 
 

B. Finish Mastic (Type FM-CG1): For cellular glass insulations (Types PI-1, I-1). Waterproof, 
weather, acid and alkali resistant asphalt mastic coating for use in the range of -40oF to 
200oF (installation must be done when in the 50oF to 120oF range). Pittsburg-Corning 
Pittcote 300 Vapor and Weather Barrier Finish or equivalent. 

 
C. Finish Fabric (Type FF-CG1): For cellular glass insulations (Types PI-1, I-1). 6 x 6 meshes 

per inch polyester fabric for reinforcing the finish mastic. Pittsburg-Corning PC Fabric 79 or 
equivalent. 

 
D. Finish Fabric, General Purpose (Type FF-GP1): Nylon membrane. For use generally with 

fiberglass duct insulations (Types DI-1, DI-2) at joints or seams or as may be indicated. 
Apply using Foster GPM 35-00  or equivalent. 

 
E. Jacket, Underground Pipe (Type JP-CG-1): For cellular glass pipe insulations (Type PI-1, I-

1) where indicated. Prefabricated laminate containing a 20 x 10 mesh asphalt impregnated 
glass fabric and a 1-mil thick aluminum foil sandwiched between three layers of a 
bituminous mastic. External jacket surface coated with a protective plastic film and internal 
surface with a special release paper. Apply around cellular glass pipe insulation in a 
cigarette type wrap with the overlap heat sealed. Seal butt joints in the same manner using 
a 4-inch wide seal strip of the jacketing. Irregular surfaces of the pipe system shall have the 
jacket's plastic film burned away prior to application of a 20 x 10 asphalt impregnated mesh 
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which shall be sandwiched between two glove coats of finish mastic (Type FM-CG1). 
 

F. Jacket, Pipe, PVC (Type JP-PVC): All purpose, UL-rated, white vinyl jacket, with or without 
self-sealing feature. Pittsburg-Corning "UNI-JAC" or equivalent. 

 
G. Jacket, Pipe, Aluminum (Type JP-A1): Aluminum jacketing, 0.016 inches thick, type 3003 

alloy, H-14 temper, circumferentially corrugated, with a continuously laminated moisture 
barrier of one mil polyethylene film and a protective layer of 40 lb. virgin kraft paper. 
Childers Products Co. "Corolon"; General Aluminum Supply Co. (Gasco); Insulcoustic 
"Alcorjac" or equivalent. 

 
H. Pipe Fitting Covers, PVC (Type PFC-PVC): Insulated polyvinyl-chloride fitting covers in 

shapes  as required; with fiberglass insulation insert. Suitable for temperature range of 0oF 
to 450oF. Flame spread rating of 25 or less and smoke developed rating of 50 or less when 
kept below 150oF. Acid, alkali and chemical resistant. Suitable for painting if required.  
Manville Zeston 25/50 PVC Insulated Fitting Covers  or equivalent. 

 
I. Pipe Fitting Covers, Aluminum (Type PFC-A1): Aluminum fitting covers, 0.020 inches 

minimum thickness, type 3003 alloy, H-14 temper prefabricated fitting covers with baked 
epoxy moisture barrier for pipe sizes through 24". Field fabricate fitting covers for pipe 
sizes larger than 24" using 0.020  inches  thick aluminum roll jacketing with laminated 
polyethylene/kraft moisture barrier. Childers Products "Ell-Jacs", "Gore Ell-Jacs", "Tee-
Jack", "End-Caps", and "Flange Jacs" or equivalent. 

 
2.6 RELATED PRODUCTS 

 
A. Wire (Type W-1): Dead soft, 16-gauge, stainless steel. 

 
B. Straps (Type ST-1): Stainless steel T-304 (18-8) soft annealed with deburred edge with 

stainless steel wing seals. Childers Products "Febstraps" or equivalent. 
 

C. Tape (Type T-1): High tensile strength rope stock flat back paper pressure sensitive tape. 
Pittsburg- Corning "PC Tape No. 25" or equivalent. 

 
D. Screws (Type S-1): Aluminum pan head type "A" slotted #8 by 1/2-inch. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Field Forming, Fitting and Finishing: Where preformed insulation products are indicated as 

being acceptable for a particular application, provide field formed, fitted and finished 
insulation systems if such application is more practical (such as due to size, configuration 
or dimensions which may be outside of the availability ranges for size, dimension and/or 
thickness of preformed products). 

 
B. Pre-installation: 

1. Do not apply insulation adhesives, materials or finishes until the item to be insulated 
has been completely installed and tested and proved tight and suitable for insulation. 

2. Prepare surfaces to be clean and dry before attempting to apply insulation. 
 

C. Insulation Shields: Provide hanger or pipe support shields of 16 gage (minimum) 
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galvanized steel over or embedded in the insulation. Shield shall extend halfway up the 
pipe insulation cover and at least 6" on each side of the hanger. Securely fasten shield with 
pipe straps at each end. 

 
D. Valves, Cocks and Specialties: Insulate as for the related piping system in which they are 

located unless otherwise indicated. 
 

E. Factory Pre-insulated Components: Where equipment and other system components are 
specified in  other sections to have factory installed insulation, then no additional insulation 
is required as work of this section unless additional non-factory-installed insulation is 
specifically described. Examples of such equipment and components which may not 
require additional insulation include, but are not necessarily limited to, boiler vessels, chiller 
evaporators, air handling units, airside terminal units, and similar items. 

 
F. Minimum Thicknesses: Insulation thicknesses which are indicated are minimum 

thicknesses. Contractor may provide the same insulation material in greater thickness as 
an aid to installation and handling procedures or due to material availability and 
procurement considerations. 

 
G. Branch Runouts: Branch runouts are considered to be individual supply/return pipes to 

individual terminal heating or cooling units (duct mounted coils, airside terminal units with 
heating coils, fan coil units, humidifiers, and similar small equipment). The supply/return 
pipe to such units is not considered to be a branch runout if the length of the supply or 
return pipe exceeds 12'-0" in length to the coil/unit connection. 

 
H. Insulation for Plumbing Systems: See other sections describing insulation for plumbing 

systems. 
 
3.2 INSULATION THICKNESS FOR PIPING SYSTEMS 

 
A. General: 

1. Basis: Insulation thicknesses for piping are given for insulation installed in the locations 
indicated. Thicknesses are based on the various conditions of temperature, usage and 
environment which are typically encountered. 

2. Applicable Thicknesses: All thicknesses as applicable to all conditions may not be 
given in this section article. Where an insulation thickness for a particular application is 
specified to be of other thickness than may be listed in this section article, 
"INSULATION THICKNESSES FOR PIPING SYSTEMS", then 
provide the insulation in the thickness indicated in other portion of this section which 
specifically describes the particular insulation application and its required insulation 
thickness. Thicknesses for other than piping insulation are given in the specific 
description of the particular application or description of the particular material used. 

3. Ambient Conditions: Unless otherwise indicated, ambient conditions for the purpose of 
describing insulation thicknesses are related to cold applications to prevent 
condensation or excessive heat gain (e.g., chilled water pipe, cold vessels) and are 
related to hot applications to prevent harm to personnel or to prevent objectionable 
heat loss to the environment (e.g., hot water pipe, hot vessels, hot stacks). 

a. These conditions are generally: 
Interior: 80oF and 
80% RH. Exterior: 
90oF and 80% 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                HVAC INSULATION 23 07 00 - 8  

RH. 
 

4. Thickness Requirements: Thicknesses are given below based on the following 
information: 

a. General type of fluid or process involved (e.g., chilled water, hot water, steam, 
refrigerant). 

b. General location and, if necessary, conditions related to temperature (either or both 
internal or external to the insulation barrier) and ambient environment of the 
insulated item. 

c. Pipe size range. 
 

B. Chilled Water Piping Systems: Fluid generally considered to be between 40oF and 65oF. 
Thickness is for cellular glass unless other insulation material is indicated. 

 
Location or Description Pipe Size (inches) Insulation Thickness 

Interior Up to 1 1-1/2" 
Interior 1-1/4 to 4 2" 
Interior 6 and up 2-1/2" 
----------------------- ------------------ ----------- 
Exterior Up to 4 2-1/2" 
Exterior 6 and up 3" 
----------------------- ------------------ ----------- 
Underground All Sizes 2" 
----------------------- ------------------ ----------- 

 
3.3 CHILLED WATER PIPING SYSTEMS 

 
A. Interior, Concealed (e.g., ceiling plenums): Insulate with prefabricated, cellular glass pipe 

insulation (PI- 1, I-1). Butter joints with joint sealant (JS-CG1) and secure each section with 
not less than two wires (W- 1). Finish with a layer of fabric (FF-CG1) applied between two 
glove coats of mastic (FM-CG1).  Mastic and fabric shall be applied in strict accordance 
with the manufacturer's recommendations. 

 
B. Interior, Exposed (e.g., central mechanical rooms, air handling unit rooms): Insulate with 

prefabricated, cellular glass pipe insulation (PI-1, I-1). Butter joints with joint sealant (JS-
CG1) and secure each section with not less than two wires (W-1). Finish with jacketing (JP-
A1). Secure jacketing with straps. Finish elbows and fittings with mastic (FM-CG1), 
reinforced with fabric (FF-CG1); or finish with fitting covers (PFC-A1). Finish materials shall 
be applied in strict accordance with the manufacturer's recommendations. 

 
C. Interior, Exposed, Special Locations: Same as for "Interior, Concealed" with the additional 

requirement that the final coat of mastic for the insulation finish shall be especially gloved 
and finished smooth to accept painting of color(s) required in other divisions as specially 
selected by the Architect/Engineer. These special locations consist of exposed piping in the 
following normally occupied areas of the building: 
1. Gymnasium. 
2. Natatorium. 

 
D. Exterior, Protected: Same insulation system as for "Interior, Exposed" except thickness as 

required. 
 

E. Exterior, Unprotected: Same insulation system as for "Exterior, Protected" except thickness 
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as required. 
 

F. Underground: Insulate with cellular glass pipe insulation (PI-1, I-1). Butter joints with joint 
sealant (JS- CG1) and secure each section with not less than two wires (W-1). Finish with 
underground jacket (JP- CG1) having 2-inch minimum overlap of the longitudinal seams. 
Heat seal longitudinal seams with a propane torch. Cover butt joints with a 4-inch wide strip 
of jacket with the edges heat sealed around the circumference. Precut the jacket to fit the 
contour or irregular surfaces such as 90o bends, 45o bends, fittings, etc. to which it is to 
be applied; in addition to heat sealing the jacket on these irregular surfaces, burn away the 
polyester film and glove a coat of mastic (FM-CG1) on the surface; while this coat is still 
tacky, embed a 10 x 10 asphalt impregnated fabric (FF-CG1) into the mastic. After this 
application has dried for not less than one hour, apply another coating of mastic. Caution:  
Keep mastic away from sparks and open flame and keep container closed when not in use. 

 
G. Underground Expansion Joints, Expansion Elbows and Expansion Loops: Provide 

oversized insulation telescoped over the adjacent pipe insulation to provide close fit and 
adequate annular space to allow all movement expected to be encountered through 
maximum temperature ranges (including idle) of the conveyed fluid. Provide 1-1/2 pcf 
density fiberglass pipe insulation of thickness equal to the cellular glass insulation beneath 
the oversized insulation to completely fill the annular space void and yet allow freedom of 
pipe movement. Comply with insulation manufacturer's recommendations for these 
conditions or with details on drawings, as applicable. 

 
3.4 DUCT SYSTEMS 

 
A. General: 

1. Locations and extent of both internal and external insulation for duct systems are 
described in section entitled "Ductwork" and/or by the "Duct Type and Location 
Schedule" on the Drawings. 

2. Internal Insulation: Ductwork which is required to be insulated internally 
(acoustically/thermally lined) shall be insulated as work of the section entitled 
"Ductwork". 

3. External Insulation: Ductwork which is required to be insulated externally shall be 
insulated as work of this section. 

4. Factory Insulation: Ductwork which is factory manufactured with internal or external 
insulation is not to be additionally insulated as work of this section unless specifically 
stated. Such factory insulated ductwork generally consists of flexible externally 
insulated ductwork and double walled acoustically thermally lined ductwork. 

 
B. Interior, Concealed (e.g., ceiling plenums): Where external insulation is required, insulate 

externally with 
2.2 inch thick fiberglass blanket wrap (Type DI-1). Adhere duct insulation using adhesive 
(Type A-F1) applied in accordance with the manufacturer's recommendations. Where duct 
width exceeds twenty-four inches (24"), the insulation shall be additionally secured to the 
bottom of the duct using mechanical fasteners spaced one foot (1') on center. Insulation 
shall be applied with edges tightly butted, and all joints and breaks in the vapor barrier 
sealed using glass fabric and mastic applied in conformance with manufacturer's 
recommendations. 

 
C. Interior, Exposed, (e.g., air handling unit rooms): Where external insulation is required, 

insulate with 1- inch thick semi-rigid fiberglass board (Type DI-2). Adhere to ductwork with 
adhesive (Type A-F1). Finish joints and seams with finish fabric (Type FF-GP1). 
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3.5 DUCT SYSTEMS EQUIPMENT 
 

A. General: Insulate as follows unless detailed to a greater extent on the Drawings. 
 

B. Fire damper and Fire/Smoke Damper External Surfaces: 

1. Externally Insulated Duct Locations: Extend duct insulation up face of fire damper to 
damper sleeve. Seal insulation edges with 4-inch minimum width duct tape. 

2. Internally Insulated Duct Locations: Provide additional external insulation from a point 
on the duct 12 inches from the fire damper to the fire damper and on the face of the fire 
damper to the fire damper sleeve. Seal insulation edges with 4-inch minimum width 
duct tape. 

 
C. Air Distribution Devices: Insulate the backs of all ceiling diffusers and other air outlet 

devices installed in other than return air plenums as specified for interior concealed ducts. 
 
3.6 COLD EQUIPMENT AND RELATED COMPONENTS 

 
A. Condensate Drain Piping From Cooling Equipment: 

1. Interior, and Exterior, Protected: Insulate with preformed elastomeric pipe insulation 
(Type PI-5) secured with adhesive (Type A-E1) and finished with white finish coating 
(FCC-E1). Thickness 3/4- inch. Provide 25/50 flame/smoke rating. 

2. Exterior, Unprotected: None applicable. 
 

B. Flexible Pipe Connectors for Vibration Isolation: Insulate with elastomeric insulation (Type 
1-3). Secure the insulation with adhesive (Type A-E1) applied to a clean surface and finish 
with white finish coating (FC-E1). Insulation thickness shall be one and one-half inches (1-
1/2"). 

 

END OF SECTION 23 07 00 
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SECTION 23 08 00 - COMMISSIONING OF HVAC 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. Section includes commissioning process requirements for HVAC&R systems, assemblies, and equipment. 
 

1.2 DEFINITIONS 
 

A. Commissioning Plan: A document that outlines the organization, schedule, allocation of resources, and 
documentation requirements of the commissioning process. 

 
B. CxA: Commissioning Authority. 

 
C. HVAC&R: Heating, Ventilating, Air Conditioning, and Refrigeration. 

 
D. Systems, Subsystems, Equipment, and Components: Where these terms are used together or separately, they 

shall mean "as-built" systems, subsystems, equipment, and components. 
 

1.3 INFORMATIONAL SUBMITTALS 
 

A. Certificates of readiness. 
 

B. Certificates of completion of installation, prestart, and startup activities. 
 

1.4 CONTRACTOR'S RESPONSIBILITIES 
 

A. Perform commissioning tests at the direction of the CxA. 
 

B. Attend construction phase controls coordination meeting. 
 

C. Attend testing, adjusting, and balancing review and coordination meeting. 
 

D. Participate in HVAC&R systems, assemblies, equipment, and component maintenance orientation and 
inspection as directed by the CxA. 

 
E. Provide information requested by the CxA for final commissioning documentation. 

 
F. Provide measuring instruments and logging devices to record test data, and provide data acquisition equipment 

to record data for the complete range of testing for the required test period. 
 

1.5 CxA'S RESPONSIBILITIES 
 

A. Provide Project-specific construction checklists and commissioning process test procedures for actual HVAC&R 
systems, assemblies, equipment, and components to be furnished and installed as part of the construction 
contract. 

 
B. Direct commissioning testing. 

 
C. Verify testing, adjusting, and balancing of Work are complete. 

 
D. Provide test data, inspection reports, and certificates in Systems Manual. 
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1.6 COMMISSIONING DOCUMENTATION 
 

A. Provide the following information to the CxA for inclusion in the commissioning plan: 

1. Plan for delivery and review of submittals, systems manuals, and other documents and reports. 
2. Identification of installed systems, assemblies, equipment, and components including design changes 

that occurred during the construction phase. 
3. Process and schedule for completing construction checklists and manufacturer's prestart and startup 

checklists for HVAC&R systems, assemblies, equipment, and components to be verified and tested. 
4. Certificate of readiness, signed by the Contractor, certifying that HVAC&R systems, assemblies, 

equipment, components, and associated controls are ready for testing. 
5. Certificate of completion certifying that installation, prestart checks, and startup procedures have been 

completed. 
6. Certificate of readiness certifying that HVAC&R systems, subsystems, equipment, and associated 

controls are ready for testing. 
7. Test and inspection reports and certificates. 
8. Corrective action documents. 
9. Verification of testing, adjusting, and balancing reports. 

 
PART 2 - PRODUCTS (Not Used) 

 
PART 3 - EXECUTION 

 
3.1 TESTING PREPARATION 

 
A. Certify that HVAC&R systems, subsystems, and equipment have been installed, calibrated, and started and are 

operating according to the Contract Documents. 
 

B. Certify that HVAC&R instrumentation and control systems have been completed and calibrated, that they are 
operating according to the Contract Documents, and that pretest set points have been recorded. 

 
C. Certify that testing, adjusting, and balancing procedures have been completed and that testing, adjusting, and 

balancing reports have been submitted, discrepancies corrected, and corrective work approved. 
 

D. Set systems, subsystems, and equipment into operating mode to be tested (e.g., normal shutdown, normal auto 
position, normal manual position, unoccupied cycle, emergency power, and alarm conditions). 

 
E. Inspect and verify the position of each device and interlock identified on checklists. 

 
F. Check safety cutouts, alarms, and interlocks with smoke control and life-safety systems during each mode of 

operation. 
 

G. Testing Instrumentation: Install measuring instruments and logging devices to record test data as directed by the 
CxA. 

 
3.2 TESTING AND BALANCING VERIFICATION 

 
A. Prior to performance of testing and balancing Work, provide copies of reports, sample forms, checklists, and 

certificates to the CxA. 
 

B. Notify the CxA at least 10 days in advance of testing and balancing Work, and provide access for the CxA to 
witness testing and balancing Work. 

 
C. Provide technicians, instrumentation, and tools to verify testing and balancing of HVAC&R systems at the 

direction of the CxA. 
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1. The CxA will notify testing and balancing Contractor 10 days in advance of the date of field verification. 
Notice will not include data points to be verified. 

2. The testing and balancing Contractor shall use the same instruments (by model and serial number) that 
were used when original data were collected. 

3. Failure of an item includes, other than sound, a deviation of more than 10 percent. Failure of more than 
10 percent of selected items shall result in rejection of final testing, adjusting, and balancing report. For 
sound pressure readings, a deviation of 3 dB shall result in rejection of final testing. Variations in 
background noise must be considered. 

4. Remedy the deficiency and notify the CxA so verification of failed portions can be performed. 
 
 

3.3 GENERAL TESTING REQUIREMENTS 
 

A. Provide technicians, instrumentation, and tools to perform commissioning test at the direction of the CxA.Scope 
of HVAC&R testing shall include entire HVAC&R installation, from central equipment for heat generation and 
refrigeration through distribution systems to each conditioned space. Testing shall include measuring capacities 
and effectiveness of operational and control functions. 

 
B. Test all operating modes, interlocks, control responses, and responses to abnormal or emergency conditions, 

and verify proper response of building automation system controllers and sensors. 
 

C. The CxA along with the HVAC&R Contractor, testing and balancing Contractor, and HVAC&R Instrumentation 
and Control Contractor shall prepare detailed testing plans, procedures, and checklists for HVAC&R systems, 
subsystems, and equipment. 

 
D. Tests will be performed using design conditions whenever possible. 

 
E. Simulated conditions may need to be imposed using an artificial load when it is not practical to test under design 

conditions. Before simulating conditions, calibrate testing instruments. Provide equipment to  simulate loads. Set 
simulated conditions as directed by the CxA and document simulated conditions and methods of simulation. 
After tests, return settings to normal operating conditions. 

 
F. The CxA may direct that set points be altered when simulating conditions is not practical. 

 
G. The CxA may direct that sensor values be altered with a signal generator when design or simulating conditions 

and altering set points are not practical. 
 

H. If tests cannot be completed because of a deficiency outside the scope of the HVAC&R system, document the 
deficiency and report it to the Owner. After deficiencies are resolved, reschedule tests. 

 
I. If the testing plan indicates specific seasonal testing, complete appropriate initial performance tests and 

documentation and schedule seasonal tests. 
 

3.4 HVAC&R SYSTEMS, SUBSYSTEMS, AND EQUIPMENT TESTING PROCEDURES 
 

A. HVAC&R Instrumentation and Control System Testing: Field testing plans and testing requirements are 
specified in Section 23 09 23 "Direct Digital Control System". Assist the CxA with preparation of testing plans. 

 
B. Pipe system cleaning, flushing, hydrostatic tests, and chemical treatment requirements are specified in HVAC 

piping Sections. HVAC&R Contractor shall prepare a pipe system cleaning, flushing, and hydrostatic testing 
plan. Provide cleaning, flushing, testing, and treating plan and final reports to the CxA. Plan shall include  the 
following: 

1. Sequence of testing and testing procedures for each section of pipe to be tested, identified by pipe zone 
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or sector identification marker. Markers shall be keyed to Drawings for each pipe sector, showing the 
physical location of each designated pipe test section. Drawings keyed to pipe zones or sectors shall be 
formatted to allow each section of piping to be physically located and identified when referred to in pipe 
system cleaning, flushing, hydrostatic testing, and chemical treatment plan. 

2. Description of equipment for flushing operations. 
3. Minimum flushing water velocity. 
4. Tracking checklist for managing and ensuring that all pipe sections have been cleaned, flushed, 

hydrostatically tested, and chemically treated. 
 

C. Energy Supply System Testing: Provide technicians, instrumentation, tools, and equipment to test performance 
of gas, steam and hot-water systems and equipment at the direction of the CxA. The CxA shall determine the 
sequence of testing and testing procedures for each equipment item and pipe section to be tested. 

 
D. Refrigeration System Testing: Provide technicians, instrumentation, tools, and equipment to test performance of 

chillers, cooling towers, refrigerant compressors and condensers, heat pumps, and other refrigeration systems. 
The CxA shall determine the sequence of testing and testing procedures for each equipment item and pipe 
section to be tested. 

 
E. HVAC&R Distribution System Testing: Provide technicians, instrumentation, tools, and equipment to test 

performance of air, steam, and hydronic distribution systems; special exhaust; and other distribution systems, 
including HVAC&R terminal equipment and unitary equipment. 

3.5 NON-CONFORMANCE 
 

A. The CxA will record the results of the Functional Performance Tests. All deficiencies, nonconformance issues, or 
test failures will be noted and reported to the Contractors in a deficiency list or in a punch-list format. 

 
B. Corrections of minor deficiencies identified may be made during the tests at the discretion of the CxA. In such 

cases the deficiency and resolution will be documented on the procedure form. 
 

C. Every effort will be made to expedite the testing process and minimize unnecessary delays, while not 
compromising the integrity of the procedures. However, the CxA will not be pressured into overlooking deficient 
work or loosening acceptance criteria to satisfy scheduling or cost issues, unless there is an overriding reason to 
do so at the request of the Owners Representative. 

 
D. Re-testing: 

1. If a Functional Performance Test fails, corrections shall be made to the deficient equipment or systems by 
the Contractors. The systems will be re-tested until they pass the Tests. 

2. The time/cost for the CxA to perform any re-testing required because of improper set up of the systems 
by the contractors or failed functional or performance tests will be backcharged to the Contractor (who 
may choose to recover costs from the party responsible for executing faulty equipment start-up/checkout 
and associated checklists). This includes instances where a specific item was overlooked in the 
equipment start-up and checkout procedures, reported to have been successfully completed, but 
determined during Functional Performance testing to be faulty. 

3. Any required re-testing by any contractor, sub-contractor, or vendor shall not be considered a justified 
reason for a claim of delay or for a time extension by the Contractor. 

 
3.6 DEFICIENCIES AND RETESTING 

 
A. The CxA documents the results of each test. (Corrections of minor installation or sequence of operation 

deficiencies are made during tests at the discretion of CxA.) 
 

B. Deficiencies/non-conformance issues not corrected during testing are reported to the Contractors for corrective 
action. Upon completion, a request is made by the Contractors to CxA for retest. 
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END OF SECTION 23 08 00 
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SECTION 23 09 23 - DIRECT DIGITAL CONTROL SYSTEM 
 

PART 1 - GENERAL 
 

1.1 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION 
 

A. Sensors and Transmitters: 

1. Airflow stations 
2. Flowmeters 

 
B. Control Valves: 

1. Control valves 
 

C. Control Dampers: 

1. Automated Dampers 
 

1.2 PRODUCTS INTEGRATED WITH THE WORK OF THIS SECTION 
 

A. Communications with Third Party Equipment: 

1. Any additional integral control systems included with the products integrated with the work of this section 
shall be furnished with a BACnet interface for integration into the Direct Digital Control System described 
in this section. 

 
1.3 RELATED SECTIONS 

 
A. The General Conditions of the Contract, Supplementary Conditions, and General Requirements are part of 

this specification and shall be used in conjunction with this section as part of the contract documents. 
 

1.4 DESCRIPTION 
 

A. General: 

1. The Contractor shall furnish and install DDC Controls to interface to the existing Campus Andover 
Building Management System (BMS) including all necessary hardware, all operating and applications 
software necessary to perform the control sequences of operation, security functions and lighting 
control functions as called for in this specification or as shown on the drawings. 

2. The control system shall consist of a high-speed, peer-to-peer network of DDC controllers and a web- 
based operator interface. Depict each mechanical system and building floor plan by a point-and-click 
graphic. A web server with a network interface card shall gather data from this system and generate web 
pages accessible through a conventional web browser on any and all PC’s connected to the university 
network. Unlimited simultaneous Operators shall be able to perform all normal operator functions 
through the web browser interface. 

3. The BMS shall control all exterior lighting and interior lighting not controlled by sensor switch devices 
where required as detailed on plans. Exterior lighting points shall be added to the existing Campus 
lighting graphics for testing and maintenance by Facilities personnel. 

4. Provide programming to incorporate the BMS information into the Campus Sentry Logic System to add 
critical point alarming, trending, paging, and email notification to selected individuals as requested by 
Facilities personnel. 

5. System must have the capability in place to provide energy/utility information reporting that can be 
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automatically emailed to selected recipients at predetermined time intervals as selected by owner. 
 

B. The system shall directly control HVAC equipment as specified in Sequence of Operations. Each zone 
controller shall provide occupied and unoccupied modes of operation by individual zone. Furnish energy 
conservation features such as optimal start and stop, night setback, request-based logic, and demand 
level adjustment of setpoints as specified in the sequence. 

 
C. Provide for future system expansion to include monitoring of occupant card access, fire alarm, and lighting 

control systems. 
D. System shall use the BACnet protocol for communication to the operator workstation or web server and for 

communication between control modules. I/O points, schedules, setpoints, trends, and alarms specified in 
– "Sequence of Operations" shall be BACnet objects. 

 
E. Energy Reporting & Utility Information (As required/ Per plans) 

1. Chilled Water Tonnage Calculations: Entering each building there shall be a chilled water flow meter and 
matched supply and return water temperature sensors. Energy calculations shall be performed to report 
the tonnage back to the BMS. 

2. Electrical Monitoring and Consumption: Provide interface hardware communications bus wiring 
necessary to interface the BMS system to the switchgear integral meters. Create and map electrical 
information to the BMS and perform electrical consumption calculations. Display the information 
graphically on the BMS. Add metered information to the Campus Master ”MeterView” program. 

 
1.5 APPROVED CONTROL SYSTEMS 

 
A. The following is the approved control system supplier and any substation must be approved by the 

Architect, Engineer and Owner prior to bidding. 

1. Andover Controls Corporation/ Schneider Electric. 
 

B. The control contractor shall have an office within a 50-mile distance of the project site and offers complete 
maintenance and support services on a 24-hour, 365 day/year basis. This office shall have direct access to or 
inventory of spare parts and all necessary test equipment required to install, commission, and service the 
BMS provided. 

 
C. The BMS shall be furnished, installed, and programmed by the authorized Factory Branch. Control systems 

shall comply with the terms of this specification. 

1. The Contractor shall use only operator workstation software, controller software, custom application 
programming language, and controllers from the corresponding manufacturer and product line unless 
Owner approves use of multiple manufacturers. 

2. Other products specified herein (such as sensors, valves, dampers, and actuators) need not be 
manufactured by the above manufacturers. 

 
1.6 QUALITY ASSURANCE 

 
A. Installer and Manufacturer Qualifications: 

1. Installer shall have an established working relationship with Control System Manufacturer. 
2. Installer shall have successfully completed Control System Manufacturer's control system training. 

Upon request, Installer shall present record of completed training including course outlines. 
 

1.7 CODES AND STANDARDS 
 

A. Work, materials, and equipment shall comply with the most restrictive of local, state, and federal 
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authorities' codes and ordinances or these plans and specifications. As a minimum, the installation shall 
comply with current editions in effect 30 days prior to receipt of bids of the following codes: 

1. National Electric Code (NEC) 
2. Underwriters Laborites (UL) 
3. Federal Communications Commission (FCC) 

 
1.8 SYSTEM PERFORMANCE 

 
A. Performance Standards: System shall conform to the following minimum standards over network 

connections. 
 

B. Systems shall be tested using manufacturer's recommended hardware and software for operator 
workstation (server and browser for web-based systems). 
1. Graphic Display: A graphic with 20 dynamic points shall display with current data within 10 sec. 
2. Graphic Refresh: A graphic with 20 dynamic points shall update with current data within 8 sec. and 

shall automatically refresh every 15 sec. 
3. Configuration and Tuning Screens: Screens used for configuring, calibrating, or tuning points, PID 

loops, and similar control logic shall automatically refresh within 6 sec. 
4. Object Command: Devices shall react to command of a binary object within 2 sec. Devices shall begin 

reacting to command of an analog object within 2 sec. 
5. Alarm Response Time: An object that goes into alarm shall be annunciated at the workstation within 15 

sec. 
6. Program Execution Frequency: Custom and standard applications shall be capable of running as often 

as once every 5 sec. Select execution times consistent with the mechanical process under control. 
7. Performance: Programmable controllers shall be able to completely execute DDC PID control loops at a 

frequency adjustable down to once per sec. Select execution times consistent with the mechanical 
process under control. 

8. Multiple Alarm Annunciation: Each workstation on the network shall receive alarms within 5 sec of 
other workstations. 

9. Reporting Accuracy: System shall report values with minimum end-to-end accuracy listed in Table 1. 
10. Control Stability and Accuracy: Control loops shall maintain measured variable at setpoint within 

tolerances listed in Table 2. 
 

Table 1 
Reporting Accuracy 
Measured Variable Reported Accuracy 
Space Temperature ±0.5ºC (±1ºF) 
Ducted Air ±0.5ºC (±1ºF) 
Outside Air ±1.0ºC (±2ºF) 
Dew Point ±1.5ºC (±3ºF) 
Water Temperature ±0.5ºC (±1ºF) 
Delta-T ±0.15ºC (±0.25ºF) 
Relative Humidity ±5% RH 
Water Flow ±2% of full scale 
Airflow (terminal) ±10% of full scale (see Note 1) 
Airflow (measuring stations) ±5% of full scale 
Airflow (pressurized spaces) ±3% of full scale 
Air Pressure (ducts) ±25 Pa (±0.1 in. w.g.) 
Air Pressure (space) ±3 Pa (±0.01 in. w.g.) 
Water Pressure ±2% of full scale (see Note 2) (U.N.O.) 
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Electrical (A, V, W, Power Factor) ±1% of reading (see Note 3) 
Carbon Monoxide (CO) ±5% of reading 
Carbon Dioxide (CO2) ±50 ppm 

 
Note 1: Accuracy applies to 10% - 100% of scale 
Note 2: For both absolute and differential pressure 
Note 3: Not including utility-supplied meters 

 
 

Table 2 
Control Stability and Accuracy 
Controlled Variable Control Accuracy Range of Medium 

Air Pressure ±50 Pa (±0.2 in. w.g.) 
±3 Pa (±0.01 in. w.g.) 

0-1.5 kPa (0-6 in. w.g.) 
-25 to 25 Pa (-0.1 to 0.1 in. w.g.) 

Airflow ±10% of full scale  
Space Temperature ±1.0ºC (±2.0ºF) 
Duct Temperature ±1.5ºC (±3ºF) 
Humidity ±5% RH 

Fluid Pressure ±10 kPa (±1.5 psi) 
±250 Pa (±1.0 in. w.g.) 

MPa (1-150 psi) 
0-12.5 kPa (0-50 in. w.g.) differential 

 
1.9 SUBMITTALS 

 
A. Product Submittal Requirements: Meet requirements of Section 01 33 00 on Shop Drawings, Product Data, 

and Samples. Provide six copies of shop drawings and other submittals on hardware, software, and 
equipment to be installed or furnished. Begin no work until submittals have been approved for conformity with 
design intent. Provide drawings as AutoCAD 2006 (or newer) compatible files on magnetic or optical 
disk (file format: .DWG, .DXF, .VSD, or comparable) and 3 prints of each drawing on 11" x 17" paper. When 
manufacturer's cutsheets apply to a product series rather than a specific product, clearly indicate applicable 
data by highlighting or by other means. Clearly reference covered specification and drawing on each 
submittal. General catalogs shall not be accepted as cutsheets to fulfill submittal requirements. 
Select and show submittal quantities appropriate to scope of work. Submittal approval does not relieve 
Contractor of responsibility to supply sufficient quantities to complete work. Provide submittals within 12 
weeks of contract award on the following: 
1. Direct Digital Control System Hardware: 

a. Complete bill of materials indicating quantity, manufacturer, model number, and relevant technical 
data of equipment to be used. 

b. Manufacturer's description and technical data such as performance curves, product specifications, 
and installation and maintenance instructions for items listed below and for relevant items not listed 
below: 
i. Direct digital controllers (controller panels) 
ii. Transducers and transmitters 
iii. Sensors (include accuracy data) 
iv. Actuators 
v. Valves 
vi. Relays and switches 
vii. Control panels 
viii. Power supplies 
ix. Batteries 
x. Operator interface equipment 
xi. Wiring 

 
c. Wiring diagrams and layouts for each control panel. Show termination numbers. 
d. Floor plan schematic diagrams indicating field sensor and controller locations. 
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e. Riser diagrams showing control network layout, communication protocol, and wire types. 
 

2. Central System Hardware and Software: 
a. Complete bill of material indicating quantity, manufacturer, model number, and relevant technical 

data of equipment used. 
b. Manufacturer's description and technical data such as product specifications and installation and 

maintenance instructions for items listed below and for relevant items furnished under this contract 
not listed below: 
i. Central Processing Unit (CPU) or web server 
ii. Monitors 
iii. Keyboards 
iv. Power supplies 
v. Battery backups 
vi. Interface equipment between CPU or server and control panels 
vii. Operating System software 
viii. Operator interface software 
ix. Color graphic software 
x. Third-party software 

 
c. Schematic diagrams of control, communication, and power wiring for central system installation. 

Show interface wiring to control system. 
d. Network riser diagrams of wiring between central control unit and control panels. 

 
3. Controlled Systems: 

a. Riser diagrams showing control network layout, communication protocol, and wire types. 
b. Schematic diagram of each controlled system. Label control points with point names. Graphically 

show locations of control elements. 
c. Schematic wiring diagram of each controlled system. Label control elements and terminals. Where a 

control element is also shown on control system schematic, use the same name. 
d. Instrumentation list (Bill of Materials) for each controlled system. List each control system element in 

a table. Show element name, type of device, manufacturer, model number, and product data sheet 
number. 

e. Complete description of control system operation including sequence of operations. Include and 
reference schematic diagram of controlled system. List I/O points and software points specified in 
Sequence of Operations. Indicate alarmed and trended points. 

4. Description of process, report formats, and checklists to be used in Section 23 09 23 Article 3.14 
(Control System Demonstration and Acceptance). 

5. BACnet Protocol Implementation Conformance Statement (PICS) for each submitted type of controller 
and operator interface. 

 
B. Schedules: 

1. Schedule of work provided within one month of contract award, indicating: 

a. Intended sequence of work items 
b. Start date of each work item 
c. Duration of each work item 
d. Planned delivery dates for ordered material and equipment and expected lead times 
e. Milestones indicating possible restraints on work by other trades or situations 

 
2. Monthly written status reports indicating work completed and revisions to expected delivery dates. 

Include updated schedule of work. 
 

C. Project Record Documents: Submit three copies of record (as-built) documents upon completion of 
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installation for approval prior to final completion. Submittal shall consist of: 

1. Project Record Drawings: As-built versions of submittal shop drawings provided as AutoCAD 2006 (or 
newer) compatible files on magnetic or optical disk (file format: .DWG, .DXF, .VSD, or comparable) and 6 
prints of each drawing on 11" x 17" paper. 

2. Testing and Commissioning Reports and Checklists: Completed versions of reports, checklists, and trend 
logs used to meet requirements of Section 23 09 23 Article 3.14 (Control System Demonstration and 
Acceptance). 

3. Operation and Maintenance (O&M) Manual: Printed, electronic, or online help documentation of the 
following: 

a. As-built versions of submittal product data. 
b. Names, addresses, and telephone numbers of installing contractors and service representatives for 

equipment and control systems. 
c. Operator's manual with procedures for operating control systems: logging on and off, handling 

alarms, producing point reports, trending data, overriding computer control, and changing 
setpoints and variables. 

d. Programming manual or set of manuals with description of programming language and syntax, of 
statements for algorithms and calculations used, of point database creation and modification, of 
program creation and modification, and of editor use. 

e. Engineering, installation, and maintenance manual or set of manuals that explains how to design 
and install new points, panels, and other hardware; how to perform preventive maintenance and 
calibration; how to debug hardware problems; and how to repair or replace hardware. 

f. Documentation of programs created using custom programming language including setpoints, 
tuning parameters, and object database. Electronic copies of programs shall meet this 
requirement if control logic, setpoints, tuning parameters, and objects can be viewed using 
furnished programming tools. 

g. Graphic files, programs, and database on magnetic or optical media. 
h. List of recommended spare parts with part numbers and suppliers. 
i. Complete original-issue documentation, installation, and maintenance information for furnished 

third-party hardware including computer equipment and sensors. 
j. Complete original-issue copies of furnished software, including operating systems, custom 

programming language, operator workstation or web server software, and graphics software. 
k. Licenses, guarantees, and warranty documents for equipment and systems. 
l. Recommended preventive maintenance procedures for system components, including schedule of 

tasks such as inspection, cleaning, and calibration; time between tasks; and task descriptions. 
 

D. Training Materials: Provide course outline and materials for each class at least six weeks before first class. 
Training shall be furnished via instructor-led sessions, computer-based training, or web-based training. 
Engineer will modify course outlines and materials if necessary to meet Owner's needs. Engineer will review 
and approve course outlines and materials at least three weeks before first class. 

 
1.10 WARRANTY 

 
A. Warrant work as follows: 

1. Warrant labor and materials for specified control system free from defects for a period of 12 months after 
final acceptance. Control system failures during warranty period shall be adjusted, repaired, or replaced 
at no additional cost or reduction in service to Owner. Respond during normal business hours within 24 
hours of Owner's warranty service request. 

2. Work shall have a single warranty date, even if Owner receives beneficial use due to early system 
start-up. If specified work is split into multiple contracts or a multi-phase contract, each contract or 
phase shall have a separate warranty start date and period. 

3. If Engineer determines that equipment and systems operate satisfactorily at the end of final start-up, 
testing, and commissioning phase, Engineer will certify in writing that control system operation has been 
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tested and accepted in accordance with the terms of this specification. Date of acceptance shall begin 
warranty period. 

4. Provide updates to operator workstation or web server software, project-specific software, graphic 
software, database software, and firmware that resolve Contractor-identified software deficiencies at no 
charge during warranty period. If available, Owner can purchase in-warranty service agreement to 
receive upgrades for functional enhancements associated with above-mentioned items. Do not install 
updates or upgrades without Owner's written authorization. 

5. Exception: Contractor shall not be required to warrant reused devices except those that have been 
rebuilt or repaired. Installation labor and materials shall be warranted. Demonstrate operable 
condition of reused devices at time of Engineer's acceptance. 

 
PART 2 - PRODUCTS 

 
2.1 MATERIALS 

 
A. Use new products the manufacturer is currently manufacturing and selling for use in new installations. Do 

not use this installation as a product test site unless explicitly approved in writing by Owner. Spare parts 
shall be available for at least five years after completion of this contract. 

 
2.2 COMMUNICATION 

 
A. Communication: 

1. Control products, communication media, connectors, repeaters, hubs, and routers shall comprise a 
BACnet internetwork. Controller and operator interface communication shall conform to ANSI/ASHRAE 
Standard 135-2004, BACnet. 

2. Install new wiring and network devices as required to provide a complete and workable control network. 
Use existing Ethernet backbone for network segments marked "existing" on project drawings. 

3. Each controller shall have a communication port for temporary connection to a laptop computer or other 
operator interface. Connection shall support memory downloads and other commissioning and 
troubleshooting operations. 

 
2.3 OPERATOR INTERFACE 

 
A. Operator Interface: Web server shall reside on high-speed network with building controllers. Each 

standard browser connected to server shall be able to access all system information. 
 

B. Communication: Web server or workstation and controllers shall communicate using BACnet protocol. Web 
server or workstation and control network backbone shall communicate using ISO 8802-3 (Ethernet) Data 
Link/Physical layer protocol and BACnet/IP addressing as specified in ANSI/ASHRAE 135, BACnet Annex J. 

 
C. Hardware: Each workstation or web server shall consist of the following: 

1. Hardware Base: Industry-standard hardware shall meet or exceed DDC system manufacturer's 
recommended specifications and shall meet response times specified in Section 23 09 23 Paragraph 
1.8. Hard disk shall have sufficient memory to store system software, one year of data for trended points 
specified in Sequence of Operations, and a system database at least twice the size of the existing 
database at system acceptance. Configure computers and network connections if multiple computers 
are required to meet specified memory and performance. Web server or workstations shall be IBM-
compatible PCs with a minimum of: 

a. Intel i7 processor 3ghz 
b. 6 GB RAM 
c. 1 TB hard disk providing data at 100 MB/sec 
d. 24x CD-RW/DVD drive 
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e. 24” LCD Monitor 
f. Windows 7 Ultimate 32 bit Operating System 
g. Serial, parallel, and network communication ports and cables required for proper system operation 

 
D. Operator Functions: Operator interface shall allow each authorized operator to execute the following 

functions as a minimum: 

1. Log In and Log Out: System shall require user name and password to log in to operator interface. 
2. Point-and-click Navigation: Operator interface shall be graphically based and shall allow operators to 

access graphics for equipment and geographic areas using point-and-click navigation. 
3. View and Adjust Equipment Properties: Operators shall be able to view controlled equipment status 

and to adjust operating parameters such as setpoints, PID gains, on and off controls, and sensor 
calibration. 

4. View and Adjust Operating Schedules: Operators shall be able to view scheduled operating hours of 
each schedulable piece of equipment on a weekly or monthly calendar-based graphical schedule 
display, to select and adjust each schedule and time period, and to simultaneously schedule related 
equipment. System shall clearly show exception schedules and holidays on the schedule display. 

5. View and Respond to Alarms: Operators shall be able to view a list of currently active system alarms, to 
acknowledge each alarm, and to clear (delete) unneeded alarms. 

6. View and Configure Trends: Operators shall be able to view a trend graph of each trended point and to 
edit graph configuration to display a specific time period or data range. Operator shall be able to create 
custom trend graphs to display on the same page data from multiple trended points. 

7. View and Configure Reports: Operators shall be able to run preconfigured reports, to view report 
results, and to customize report configuration to show data of interest. 

8. Manage Control System Hardware: Operators shall be able to view controller status, to restart 
(reboot) each controller, and to download new control software to each controller. 

9. Manage Operator Access: Typically, only a few operators are authorized to manage operator access. 
Authorized operators shall be able to view a list of operators with system access and of functions they 
can perform while logged in. Operators shall be able to add operators, to delete operators, and to edit 
operator function authorization. Operator shall be able to authorize each operator function separately. 

 
E. System Software: 

1. Operating System: Web server shall have an industry-standard professional-grade operating system. 
Acceptable systems include Microsoft Vista, Microsoft Windows XP Pro, Red Hat Linux, or Sun Solaris. 

2. System Graphics: Operator interface shall be graphically based and shall include at least one graphic 
per piece of equipment or occupied zone, graphics for each chilled water and hot water system, and 
graphics that summarize conditions on each floor of each building included in this contract. Indicate 
thermal comfort on floor plan summary graphics using dynamic colors to represent zone temperature 
relative to zone setpoint. 

a. Functionality: Graphics shall allow operator to monitor system status, to view a summary of the 
most important data for each controlled zone or piece of equipment, to use point-and-click 
navigation between zones or equipment, and to edit setpoints and other specified parameters. 

b. Animation: Graphics shall be able to animate by displaying different image files for changed 
object status. 

c. Alarm Indication: Indicate areas or equipment in an alarm condition using color or other visual 
indicator. 

d. Format: Graphics shall be saved in an industry-standard format such as BMP, JPEG, PNG, or GIF. 
Web-based system graphics shall be viewable on browsers compatible with World Wide Web 
Consortium browser standards. Web graphic format shall require no plug-in (such as HTML and 
JavaScript) or shall only require widely available no-cost plug-ins (such as Active-X and Macromedia 
Flash). 

 
F. System Tools: System shall provide the following functionality to authorized operators as an integral part of 
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the operator interface or as stand-alone software programs. If furnished as part of the interface, the tool shall 
be available from each workstation or web browser interface. If furnished as a stand-alone program, software 
shall be installable on standard IBM-compatible PCs with no limit on the number of copies that can be 
installed under the system license. 

1. Automatic System Database Configuration: Each workstation or web server shall store on its hard 
disk a copy of the current system database, including controller firmware and software. Stored 
database shall be automatically updated with each system configuration or controller firmware or 
software change. 

2. Controller Memory Download: Operators shall be able to download memory from the system database to 
each controller. 

3. System Configuration: Operators shall be able to configure the system. 
4. Online Help. Context-sensitive online help for each tool shall assist operators in operating and editing 

the system. 
a. Security: System shall require a user name and password to view, edit, add, or delete data. 
b. Operator Access: Each user name and password combination shall define accessible viewing, 

editing, adding, and deleting functions in each system application, editor, and object. 
c. Automatic Log Out: Automatically log out each operator if no keyboard or mouse activity is 

detected. Operators shall be able to adjust automatic log out delay. 
d. Encrypted Security Data: Store system security data including operator passwords in an 

encrypted format. System shall not display operator passwords. 
 

5. System Diagnostics: System shall automatically monitor controller and I/O point operation. System 
shall annunciate controller failure and I/O point locking (manual overriding to a fixed value). 

6. Alarm Processing: System input and status objects shall be configurable to alarm on departing from 
and on returning to normal state. Operator shall be able to enable or disable each alarm and to 
configure alarm limits, alarm limit differentials, alarm states, and alarm reactions for each system 
object. Configure and enable alarm points as specified Sequence of Operations. Alarms shall be 
BACnet alarm objects and shall use BACnet alarm services. 

7. Alarm Messages: Alarm messages shall use an English language descriptor without acronyms or 
mnemonics to describe alarm source, location, and nature. 

8. Alarm Reactions: Operator shall be able to configure (by object) actions workstation or web server shall 
initiate on receipt of each alarm. As a minimum, workstation or web server shall be able to log, print, 
start programs, display messages, send e-mail, send page, and audibly annunciate. 

9. Alarm Maintenance: Operators shall be able to view system alarms and changes of state chronologically, 
to acknowledge and delete alarms, and to archive closed alarms to the workstation or web server hard 
disk from each workstation or web browser interface. 

10. Trend Configuration: Operator shall be able to configure trend sample or change of value (COV) 
interval, start time, and stop time for each system data object and shall be able to retrieve data for use 
in spreadsheets and standard database programs. Controller shall sample and store trend data and 
shall be able to archive data to the hard disk. Configure trends as specified in Sequence of 
Operations. Trends shall be BACnet trend objects. 

11. Object and Property Status and Control: Operator shall be able to view, and to edit if applicable, the 
status of each system object and property by menu, on graphics, or through custom programs. 

12. Reports and Logs: Operator shall be able to select, to modify, to create, and to print reports and logs. 
Operator shall be able to store report data in a format accessible by standard spreadsheet and word 
processing programs. 

13. Standard Reports: Furnish the following standard system reports: 

a. Objects: System objects and current values filtered by object type, by status (in alarm, locked, 
normal), by equipment, by geographic location, or by combination of filter criteria. 

b. Alarm Summary: Current alarms and closed alarms. System shall retain closed alarms for an 
adjustable period. 

c. Logs: System shall log the following to a database or text file and shall retain data for an 
adjustable period: 
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i. Alarm History. 
ii. Trend Data: Operator shall be able to select trends to be logged. 
iii. Operator Activity: At a minimum, system shall log operator log in and log out, control parameter 

changes, schedule changes, and alarm acknowledgment and deletion. System shall date and 
time stamp logged activity. 

 
14. Graphics Generation: Graphically based tools and documentation shall allow Operator to edit system 

graphics, to create graphics, and to integrate graphics into the system. Operator shall be able to add 
analog and binary values, dynamic text, static text, and animation files to a background graphic using a 
mouse. 

15. Graphics Library: Complete library of standard HVAC equipment graphics shall include equipment 
such as chillers, boilers, air handlers, terminals, fan coils, and unit ventilators. Library shall include 
standard symbols for other equipment including fans, pumps, coils, valves, piping, dampers, and 
ductwork. Library graphic file format shall be compatible with graphics generation tools. 

16. Custom Application Programming: Operator shall be able to create, edit, debug, and download 
custom programs. System shall be fully operable while custom programs are edited, compiled, and 
downloaded. Programming language shall have the following features: 

a. Language: Language shall be graphically based or English language oriented. If graphically based, 
language shall use function blocks arranged in a logic diagram that clearly shows control logic flow. 
Function blocks shall directly provide functions listed below, and operators shall be able to create 
custom or compound function blocks. If English language oriented, language shall be based on the 
syntax of BASIC, FORTRAN, C, or PASCAL, and shall allow for free-form programming that is not 
column-oriented or "fill-in-the-blanks." 

b. Programming Environment: Tool shall provide a full-screen, cursor-and-mouse-driven 
programming environment that incorporates word processing features such as cut and paste. 
Operators shall be able to insert, add, modify, and delete custom programming code, and to copy 
blocks of code to a file library for reuse in other control programs. 

c. Independent Program Modules: Operator shall be able to develop independently executing 
program modules that can disable, enable and exchange data with other program modules. 

d. Debugging and Simulation: Operator shall be able to step through the program observing 
intermediate values and results. Operator shall be able to adjust input variables to simulate actual 
operating conditions. Operator shall be able to adjust each step's time increment to observe 
operation of delays, integrators, and other time-sensitive control logic. Debugger shall provide error 
messages for syntax and for execution errors. 

e. Conditional Statements: Operator shall be able to program conditional logic using compound 
Boolean (AND, OR, and NOT) and relational (EQUAL, LESS THAN, GREATER THAN, NOT 
EQUAL) comparisons. 

f. Mathematical Functions: Language shall support floating-point addition, subtraction, 
multiplication, division, and square root operations, as well as absolute value calculation and 
programmatic selection of minimum and maximum values from a list of values. 

g. Variables: Operator shall be able to use variable values in program conditional statements and 
mathematical functions. 

i. Time Variables: Operator shall be able to use predefined variables to represent time of day, 
day of the week, month of the year, and date. Other predefined variables or simple control logic 
shall provide elapsed time in seconds, minutes, hours, and days. Operator shall be able to 
start, stop, and reset elapsed time variables using the program language. 

ii. System Variables: Operator shall be able to use predefined variables to represent status and 
results of Controller Software and shall be able to enable, disable, and change setpoints of 
Controller Software as described in Controller Software section. 

 
G. Portable Operator's Terminal: Provide all necessary software to configure an IBM-compatible laptop 

computer for use as a Portable Operator's Terminal. Operator shall be able to connect configured Terminal to 
the system network or directly to each controller for programming, setting up, and troubleshooting. 
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1. Minimum Requirements: 

a. Dell XT Tablet PC 
b. 12.1” Touch screen 
c. 2 GB RAM 
d. 64GB SSD Harddrive 
e. Intel WiFi Link 5300 (802.11a/g/n 3x3) 
f. Bluetooth Module 
g. 6-cell 42W/Hr Li-ion primary battery 
h. Spare 6-cell battery 
i. Windows 7 Ultimate 32 bit operating system 

 
H. BACnet: Web server or workstation shall have demonstrated interoperability during at least one BMA 

Interoperability Workshop and shall substantially conform to BACnet Operator Workstation (B-OWS) 
device profile as specified in ASHRAE/ANSI 135, BACnet Annex L. 

 
2.4 CONTROLLER SOFTWARE 

 
A. Building and energy management application software shall reside and operate in system controllers. 

Applications shall be editable through operator workstation, web browser interface, or engineering 
workstation. 

 
B. System Security: See Paragraph 2.3.F.5 (Security) and Paragraph 2.3.F.15.c (Operator Activity). 

 
C. Scheduling: See Paragraph 2.3.D.4 (View and Adjust Operating Schedules). System shall provide the 

following schedule options as a minimum: 

1. Weekly: Provide separate schedules for each day of the week. Each schedule shall be able to include 
up to 5 occupied periods (5 start-stop pairs or 10 events). 

2. Exception: Operator shall be able to designate an exception schedule for each of the next 365 days. 
After an exception schedule has executed, system shall discard and replace exception schedule with 
standard schedule for that day of the week. 

3. Holiday: Operator shall be able to define 24 special or holiday schedules of varying length on a 
scheduling calendar that repeats each year. 

 
D. System Coordination: Operator shall be able to group related equipment based on function and location 

and to use these groups for scheduling and other applications. 
E. Binary and Analog Alarms: See Paragraph 2.3.F.7 (Alarm Processing). 

 
F. Alarm Reporting: See Paragraph 2.3.F.9 (Alarm Reactions). 

 
G. Remote Communication: System shall automatically contact operator workstation or server on receipt of 

critical alarms. If no network connection is available, system shall use a modem connection. 
 

H. Maintenance Management: System shall generate maintenance alarms when equipment exceeds adjustable 
runtime, equipment starts, or performance limits. Configure and enable maintenance alarms as specified in 
Sequence of Operations. 

 
I. Sequencing: Application software shall sequence chillers and pumps as specified in Sequence of 

Operations. 
 

J. PID Control: System shall provide direct- and reverse-acting PID (proportional-integral-derivative) algorithms. 
Each algorithm shall have anti-windup and selectable controlled variable, setpoint, and PID gains. Each 
algorithm shall calculate a time-varying analog value that can be used to position an output or to stage a 
series of outputs. 
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K. Staggered Start: System shall stagger controlled equipment restart after power outage. Operator shall be 

able to adjust equipment restart order and time delay between equipment restarts. 
 

L. Energy Calculations: 

1. System shall accumulate and convert instantaneous power (kW) or flow rates (L/s [gpm]) to energy 
usage data. 

2. System shall calculate a sliding-window average (rolling average). Operator shall be able to adjust 
window interval to 15 minutes, 30 minutes, or 60 minutes. 

3. System shall communicate with all electrical sub metering equipment and gather data on the sub system 
electrical consumption characteristics (i.e. lighting, mechanical equipment, etc.). System and data 
requirements are to be coordinated with the Measurement and Verification Plan provided for this project. 

 
M. Anti-Short Cycling: Binary output objects shall be protected from short cycling by means of adjustable 

minimum on-time and off-time settings. 
 

N. On and Off Control with Differential:  System shall provide direct- and reverse-acting on and off algorithms 
with adjustable differential to cycle a binary output based on a controlled variable and setpoint. 

 
O. Runtime Totalization: System shall provide an algorithm that can totalize runtime for each binary input and 

output. Operator shall be able to enable runtime alarm based on exceeded adjustable runtime limit. 
 

2.5 CONTROLLERS 
 

A. General: Provide Building Controllers (BC), Advanced Application Controllers (AAC), Application Specific 
Controllers (ASC), Smart Actuators (SA), and Smart Sensors (SS) as required to achieve performance 
specified in Section 23 09 23 Article 1.8 (System Performance). Every device in the system which executes 
control logic and directly controls HVAC equipment must conform to a standard BACnet Device profile as 
specified in ANSI/ASHRAE 135, BACnet Annex L. Unless otherwise specified, hardwired actuators and 
sensors may be used in lieu of BACnet Smart Actuators and Smart Sensors. 

 
B. BACnet: 

1. Building Controllers (BCs): Each BC shall conform to BACnet Building Controller (B-BC) device profile 
as specified in ANSI/ASHRAE 135, BACnet Annex L and shall be listed as a certified B-BC in the 
BACnet Testing Laboratories (BTL) Product Listing. 

2. Advanced Application Controllers (AACs): Each AAC shall conform to BACnet Advanced Application 
Controller (B-AAC) device profile as specified in ANSI/ASHRAE 135, BACnet Annex L and shall be listed 
as a certified B-AAC in the BACnet Testing Laboratories (BTL) Product Listing. 

3. Application Specific Controllers (ASCs): Each ASC shall conform to BACnet Application Specific 
Controller (B-ASC) device profile as specified in ANSI/ASHRAE 135, BACnet Annex L and shall be listed 
as a certified B-ASC in the BACnet Testing Laboratories (BTL) Product Listing. 

4. Smart Actuators (SAs): Each SA shall conform to BACnet Smart Actuator (B-SA) device profile as 
specified in ANSI/ASHRAE 135, BACnet Annex L and shall be listed as a certified B-SA in the BACnet 
Testing Laboratories (BTL) Product Listing. 

5. Smart Sensors (SSs): Each SS shall conform to BACnet Smart Sensor (B-SS) device profile as 
specified in ANSI/ASHRAE 135, BACnet Annex L and shall be listed as a certified B-SS in the BACnet 
Testing Laboratories (BTL) Product Listing. 

6. BACnet Communication: 

a. Each BC shall reside on or be connected to a BACnet network using ISO 8802-3 (Ethernet) Data 
Link/Physical layer protocol and BACnet/IP addressing. 

b. BACnet routing shall be performed by BCs or other BACnet device routers as necessary to connect 
BCs to networks of AACs and ASCs. 
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c. Each AAC shall reside on a BACnet network using ISO 8802-3 (Ethernet) Data Link/Physical layer 
protocol with BACnet/IP addressing, or it shall reside on a BACnet network using the ARCNET or 
MS/TP Data Link/Physical layer protocol. 

d. Each ASC shall reside on a BACnet network using the ARCNET or MS/TP Data Link/Physical layer 
protocol. 

e. Each SA shall reside on a BACnet network using the ARCNET or MS/TP Data Link/Physical layer 
protocol. 

f. Each SS shall reside on a BACnet network using ISO 8802-3 (Ethernet) Data Link/Physical layer 
protocol with BACnet/IP addressing, or it shall reside on a BACnet network using ARCNET or 
MS/TP Data Link/Physical layer protocol. 

 
C. Communication: 

1. Service Port: Each controller shall provide a service communication port for connection to a Portable 
Operator's Terminal. Connection shall be extended to space temperature sensor ports where shown on 
drawings. 

2. Signal Management: BC and ASC operating systems shall manage input and output communication 
signals to allow distributed controllers to share real and virtual object information and to allow for 
central monitoring and alarms. 

3. Data Sharing: Each BC and AAC shall share data as required with each networked BC and AAC. 
4. Stand-Alone Operation: Each piece of equipment specified in Sequence of Operations shall be 

controlled by a single controller to provide stand-alone control in the event of communication failure. All 
I/O points specified for a piece of equipment shall be integral to its controller. Provide stable and 
reliable stand-alone control using default values or other method for values normally read over the 
network. 

 
D. Environment: Controller hardware shall be suitable for anticipated ambient conditions. 

1. Controllers used outdoors or in wet ambient conditions shall be mounted in waterproof enclosures and 
shall be rated for operation at -29°C to 60°C (-20°F to 140°F). 

2. Controllers used in conditioned space shall be mounted in dust-protective enclosures and shall be 
rated for operation at 0°C to 50°C (32°F to 120°F). 

 
E. Real-Time Clock: Controllers that perform scheduling shall have a real-time clock. 

 
F. Serviceability: 

1. Controllers shall have diagnostic LEDs for power, communication, and processor. 
2. Wires shall be connected to a field-removable modular terminal strip or to a termination card 

connected by a ribbon cable. 
3. Each BC and AAC shall continually check its processor and memory circuit status and shall generate an 

alarm on abnormal operation. System shall continuously check controller network and generate alarm for 
each controller that fails to respond. 

 
G. Memory: 

1. Controller memory shall support operating system, database, and programming requirements. 
2. Each BC and AAC shall retain BIOS and application programming for at least 72 hours in the event of 

power loss. 
3. Each ASC and SA shall use nonvolatile memory and shall retain BIOS and application programming in 

the event of power loss. System shall automatically download dynamic control parameters following 
power loss. 

 
H. Immunity to Power and Noise: Controllers shall be able to operate at 90% to 110% of nominal voltage 

rating and shall perform an orderly shutdown below 80% nominal voltage. Operation shall be protected 
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against electrical noise of 5 to 120 Hz and from keyed radios up to 5 W at 1 m (3 ft). 
 

I. Transformer: ASC power supply shall be fused or current limiting and shall be rated at a minimum of 
125% of ASC power consumption. 

2.6 INPUT AND OUTPUT INTERFACE 
 

A. General: Hard-wire input and output points to BCs, AACs, ASCs, or SAs. 
 

B. Protection: Shorting an input or output point to itself, to another point, or to ground shall cause no controller 
damage. Input or output point contact with up to 24 V for any duration shall cause no controller damage. 

 
C. Binary Inputs: Binary inputs shall monitor the on and off signal from a remote device. Binary inputs shall 

provide a wetting current of at least 12 mA and shall be protected against contact bounce and noise. Binary 
inputs shall sense dry contact closure without application of power external to the controller. 

 
D. Pulse Accumulation Inputs: Pulse accumulation inputs shall conform to binary input requirements and 

shall accumulate up to 10 pulses per second. 
 

E. Analog Inputs: Analog inputs shall monitor low-voltage (0-10 Vdc), current (4-20 mA), or resistance 
(thermistor or RTD) signals. Analog inputs shall be compatible with and field configurable to commonly 
available sensing devices. 

 
F. Binary Outputs: Binary outputs shall send an on-or-off signal for on and off control. Building Controller binary 

outputs shall have three-position (on-off-auto) override switches and status lights. Outputs shall be selectable 
for normally open or normally closed operation. 

 
G. Analog Outputs: Analog outputs shall send a modulating 0-10 Vdc or 4-20 mA signal as required to 

properly control output devices. Each Building Controller analog output shall have a two-position (auto- 
manual) switch, a manually adjustable potentiometer, and status lights. Analog outputs shall not drift more 
than 0.4% of range annually. 

 
H. Tri-State Outputs: Control three-point floating electronic actuators without feedback with tri-state outputs (two 

coordinated binary outputs). Tri-State outputs may be used to provide analog output control in zone control 
and terminal unit control applications such as VAV terminal units, duct-mounted heating coils, and zone 
dampers. 

 
I. Universal Inputs and Outputs: Inputs and outputs that can be designated as either binary or analog in 

software shall conform to the provisions of this section that are appropriate for their designated use. 
 

2.7 POWER SUPPLIES AND LINE FILTERING 
 

A. Power Supplies: Control transformers shall be UL listed. Furnish Class 2 current-limiting type or furnish 
over-current protection in primary and secondary circuits for Class 2 service in accordance with NEC 
requirements. Limit connected loads to 80% of rated capacity. 

1. DC power supply output shall match output current and voltage requirements. Unit shall be full-wave 
rectifier type with output ripple of 5.0 mV maximum peak-to-peak. Regulation shall be 1.0% line and 
load combined, with 100-microsecond response time for 50% load changes. Unit shall have built-in 
over-voltage and over-current protection and shall be able to withstand 150% current overload for at 
least three seconds without trip-out or failure. 

a. Unit shall operate between 0°C and 50°C (32°F and 120°F). EM/RF shall meet FCC Class B and 
VDE 0871 for Class B and MILSTD 810C for shock and vibration. 
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b. Line voltage units shall be UL recognized and CSA listed. 
 

B. Power Line Filtering: 

1. Provide internal or external transient voltage and surge suppression for workstations and controllers. 
Surge protection shall have: 

a. Dielectric strength of 1000 V minimum 
b. Response time of 10 nanoseconds or less 
c. Transverse mode noise attenuation of 65 dB or greater 
d. Common mode noise attenuation of 150 dB or greater at 40-100 Hz 

 
2.8 AUXILIARY CONTROL DEVICES 

 
A. Motorized Control Dampers: 

1. Type: Control dampers shall have linear flow characteristics and shall be parallel- or opposed-blade 
type as specified below or as scheduled on drawings. 
a. Outdoor and return air mixing dampers and face-and-bypass dampers shall be parallel-blade and 

shall direct airstreams toward each other. 
b. Other modulating dampers shall be opposed-blade. 
c. Two-position shutoff dampers shall be parallel- or opposed-blade with blade and side seals. 

 
2. Frame: Damper frames shall be 2.38 mm (13 gauge) galvanized steel channel or 3.175 mm (1/8 in.) 

extruded aluminum with reinforced corner bracing. 
3. Blades: Damper blades shall not exceed 20 cm (8 in.) in width or 125 cm (48 in.) in length. Blades shall 

be suitable for medium velocity (10 m/s [2000 fpm]) performance. Blades shall be not less than 1.5875 
mm (16 gauge). 

4. Shaft Bearings: Damper shaft bearings shall be as recommended by manufacturer for application, oil 
impregnated sintered bronze, or better. 

5. Seals: Blade edges and frame top and bottom shall have replaceable seals of butyl rubber or 
neoprene. Side seals shall be spring-loaded stainless steel. Blade seals shall leak no more than 50 
L/s·m2 (10 cfm per ft2) at 1000 Pa (4 in. w.g.) differential pressure. Blades shall be airfoil type 
suitable for wide-open face velocity of 7.5 m/s (1500 fpm). 

6. Acceptable manufacturers: Ruskin, Greenheck SEVCD-33 or equal. 
 

B. Electric Damper and Valve Actuators: 

1. Stall Protection: Mechanical or electronic stall protection shall prevent actuator damage throughout the 
actuator's rotation. 

2. Spring-return Mechanism: Actuators used for power-failure and safety applications shall have an 
internal mechanical spring-return mechanism or an uninterruptible power supply (UPS). 

3. Signal and Range: Proportional actuators shall accept a 0-10 Vdc or a 0-20 mA control signal and shall 
have a 2-10 Vdc or 4-20 mA operating range. (Floating motor actuators may be substituted for 
proportional actuators in terminal unit applications as described in paragraph 2.6H.) 

4. Wiring: 24 Vac and 24 Vdc actuators shall operate on Class 2 wiring. 
5. Manual Positioning: Operators shall be able to manually position each actuator when the actuator is not 

powered. Non-spring-return actuators shall have an external manual gear release. Spring-return 
actuators with more than 7 N·m (60 in.-lb) torque capacity shall have a manual crank. 

6. Acceptable manufactures Belimo. 
 

C. Control Valves: 
 

1. General: Select body and trim materials in accordance with manufacturer's recommendations for 
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design conditions and service shown. 
2. Type: Provide two- or three-way control valves for two-position or modulating service as shown. 
3. Water Valves: 

 
a. Valves providing two-position service shall be quick opening. Two-way valves shall have 

replaceable disc or ball. 
b. Valves to provide flow and temperature feedback via BACnet interface. Temperature and flow 

setpoints shall be visible and adjustable through the control system. 
c. Close-off (Differential) Pressure Rating: Valve actuator and trim shall provide the following 

minimum close-off pressure ratings. 
 

i. Two-way: 150% of total system (pump) head. 
ii. Three-way: 300% of pressure differential between ports A and B at design flow or 

100% of total system (pump) head. 
 

d. Ports: Valves providing modulating service shall be pressure independent characterized 
control. 

e. Sizing: 
 

i. Two-position service: line size. 
ii. Two-way modulating service: select pressure drop equal to the greatest of twice the 

pressure drop through heat exchanger (load), 50% of the pressure difference between 
supply and return mains, or 35 kPa (5 psi). 

iii. Three-way modulating service: select pressure drop equal to the smaller of twice the 
pressure drop through the coil exchanger (load) or 35 kPa (5 psi). 

 
f. Fail Position: Water valves shall fail normally open or closed as follows unless otherwise 

specified. 
i. Water zone valves: normally open. 
ii. Chilled water control valves: normally closed. 
iii. Other applications: as scheduled or as required by sequences of operation. 

 
4. Pressure-Independent Ball Valves with Coil Optimization Technology NPS 6 (DN 150) and smaller. 

Acceptable manufactures: Belimo Energy Valves 
 

a. Performance: 
 

i. Pressure Rating for NPS 2 (DN 50) and smaller: 360 psig (2482 kPa). 
ii. Pressure Rating for NPS 2-1/2 (DN 65) through NPS 6 (DN 150): ANSI 125, Class B. 
iii. Close-off pressure for NPS 2 (DN 50) and smaller: 200 psi (1378 kPa). 
iv. Close-off pressure for NPS 2-1/2 (DN 65) through NPS 6 (DN 150): 100 psig (689 

kPa). 
v. Process Temperature Range: Between 14 deg F to 212 deg F (minus 10 to plus 120 

deg C). 
 

b. Flow Meter and Temperature Sensors: A characterized control valve shall be integrated with an 
electronic (ultrasonic or electromagnetic) wet calibrated flow sensor (accuracy +/- 2%) providing 
analog flow feedback, and two temperature sensors providing feedback of coil inlet and outlet 
water temperatures. The valves shall reposition to maintain the required flow with a +/- 5% 
accuracy over a pressure differential range of 1 to 50 psig (7 to 345 kPa). Software shall control 
the valve to avoid the coil differential temperature from falling below a programmed set point. 

c. Coil Optimization: Software shall control the valve to avoid the coil differential temperature from 
falling below a programmed setpoint. Real-time data and configuration of valve operating 
parameters shall be available by means of BTL listed BACnet MS/TP, BACnet/IP, MODBUS or 
HTTP. Monitored points shall include inlet and outlet coil water temperatures, absolute flow, 
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absolute valve position, absolute coil power and total heating/cooling energy in BTU/hr. 
Configuration points shall include valve, flow and power settings. Historical trend data shall be 
stored for up to 13 months and be retrievable in a standard time-stamped format. 

d. Body: Forged brass, nickel plated, and with threaded ends. 
e. End Connection NPS 2 (DN 50) and Smaller NPT female ends. 
f. End Connection NPS 2-1/2 (DN 65) through NPS 6 (DN 150) pattern to mate with ANSI 125 

flange. 
g. Ball: Stainless steel. 
h. Stem and Stem Extension: Stainless steel, blowout-proof design. 
i. Ball Seats: Teflon PTFE. 
j. Stem Seal: Dual EPDM O-rings (lubricated). 
k. Flow Characteristic: Equal percentage. 

 
5. Pressure-Independent Ball Valves NPS 6 (DN 150) and Smaller to be used for bypass applications 

where applicable. Acceptable manufacturers: Belimo Electronic Pressure Independent Valves. 
 

a. Performance: 
 

i. Pressure Rating for NPS 2 (DN 50) and smaller: 360 psig (2482 kPa). 
ii. Pressure Rating for NPS 2-1/2 (DN 65) through NPS 6 (DN 150): ANSI 125, Class B. 
iii. Close-off pressure for NPS 2 (DN 50) and smaller: 200 psi (1378 kPa). 
iv. Close-off pressure for NPS 2-1/2 (DN 65) through NPS 6 (DN 150): 100 psig (689 

kPa). 
v. Process Temperature Range: Between 14 deg F to 212 deg F (Minus 10 to plus 120 

deg C). 
 

b. Integrated Flow Meter: A characterized control valve shall be integrated with an electronic 
(ultra-sonic or electromagnetic) flow sensor (accuracy +/- 2%) providing analog flow 
feedback. The valve shall reposition to maintain the required flow with a +/- 5% accuracy 
over a pressure differential range of 1 to 50 psig (7 to 345 kPa). 

c. Body: Forged brass, nickel plated. 
d. End Connection NPS 2 (DN 50) and smaller: NPT female ends. 
e. End Connection NPS 2-1/2 (DN65) through NPS 6 (DN 150) pattern to mate with ANSI 125 

flange. 
f. Ball: Stainless steel. 
g. Stem and Stem Extension: Stainless steel, blowout-proof design. 
h. Ball Seats: Teflon PTFE. 
i. Stem Seal: Dual EPDM O-rings (lubricated). 
j. Flow Characteristic: Field configurable Linear or Equal percentage 

 
D. Butterfly Valves – High Performance: 

1. Valve body shall be full lugged carbon steel ANSI Class 150 [300] body with a 316 stainless steel disc 
without a nylon coating, RTFE seat, and be ANSI Class 150300 flange standards. Blowout-proof shaft 
shall be 17-4ph stainless steel and shall be supported at four locations by glass-backed TFE bushings. 
Valve packing shall be Chevron TFE and shall include fully adjustable packing flange and separable 
packing gland. Valve body shall have long stem design to allow for 2” insulation (minimum). Valve face-
to-face dimensions shall comply with API 609 and MSS-SP-68. Valve assembly shall be completely 
assembled and tested, ready for installation 

2. Industrial Actuators (ONLY TO BE USED WITH 2.16.I Butterfly Valves) 
3. Manufactured, brand labeled or distributed by BELIMO 
4. The combination of valve and actuator shall meet the close-off requirements as specified 
5. Coupling: ISO 5211 mounting standards 
6. Overload Protection: A self resetting thermal switch embedded in the motor 
7. Manual Override: Actuator shall be equipped with a hand wheel or shaft for manual override to permit 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                DIRECT DIGITAL CONTROL SYSTEM 23 09 23 - 18  

operation of the actuator in the event of an electrical power failure 
8. Power Requirements: 24VAC [120VAC] [230VAC] 1 pH. 
9. Auxiliary Switches: 2 SPDT rated 3A at 250 VAC 
10. Temperature Rating: -22 to +150ºF -30 to +65ºC. 
11. Housing: Minimum requirement NEMA type 4X/ IP67 with an industrial quality coating. Actuator shall 

have an internal heater to prevent condensation within the housing. A visual indication beacon shall 
indicate position status of the device 

12. Agency Listing: ISO, CE, CSA 
13. The manufacturer shall warrant for 2 years from the date of production 

 
E. Low-Voltage Space Thermostats: Low-voltage space thermostats shall be 24 V, bimetal-operated, 

mercury-switch type, with adjustable or fixed anticipation heater, concealed setpoint adjustment, 13°C- 
30°C (55°F-85°F) setpoint range, 1°C (2°F) maximum differential, and vented ABS plastic cover. 

1. Line-Voltage Space Thermostats: Line-voltage space thermostats shall be bimetal-actuated, open- 
contact type or bellows-actuated, enclosed, snap-switch type or equivalent solid-state type, with heat 
anticipator, UL listing for electrical rating, concealed setpoint adjustment, 13°C-30°C (55°F-85°F) 
setpoint range, 1°C (2°F) maximum differential, and vented ABS plastic cover. 

2. Low-Limit Thermostats: Low-limit airstream thermostats shall be UL listed, vapor pressure type. 
Element shall be at least 6 m (20 ft) long. Element shall sense temperature in each 30 cm (1 ft) section 
and shall respond to lowest sensed temperature. Low-limit thermostat shall be manual reset only. 

 
F. Flow Meters (Liquid) 

 
1. Flow meters shall be electromagnetic type in-line flow meters. 
2. Provide with flanged pipe connection. 
3. 4-20mA signal with digital display and two programmable pulse outputs. 
4. Acceptable manufacturers Onicon F-3200 
5. Where BTUH meters are called out, provide Onicon F-3200 flow meter in conjunction with Onicon 

System 10 BTUH meter. 
 

G. Temperature Sensors: 

1. Type: Temperature sensors shall be Resistance Temperature Device (RTD) or thermistor. 
2. Duct Sensors: Duct sensors shall be single point or averaging as shown. Averaging sensors shall be a 

minimum of 1.5 m (5 ft) in length per 1 m 2(10 ft 2) of duct cross-section. 
3. Immersion Sensors: Provide immersion sensors with a separable stainless steel well. Well pressure 

rating shall be consistent with system pressure it will be immersed in. Well shall withstand pipe design 
flow velocities. 

4. Space Sensors: Space sensors shall have setpoint adjustment, override switch, display, and 
communication port as shown. 

5. Differential Sensors: Provide matched sensors for differential temperature measurement. 
H. Humidity Sensors: 

1. Duct and room sensors shall have a sensing range of 20%-80%. 
2. Duct sensors shall have a sampling chamber. 
3. Outdoor air humidity sensors shall have a sensing range of 20%-95% RH and shall be suitable for 

ambient conditions of 40°C-75°C (40°F-170°F). 
4. Humidity sensors shall not drift more than 1% of full scale annually. 

 
I. Air Flow Monitor Stations: 

1. Furnish and coordinate the installation of Air Flow Measuring Stations according for all outside air 
intakes to air handling equipment and in other locations as noted in the Contract Documents. 

2. Include manufacturer’s recommended number of probes for the proper traverse of the air duct, and 
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required mounting hardware. 
3. Provide all cabling required for connection to probe assemblies and transmitter electronics. 
4. Where these stations serve as primary signals for airflow control loops, verify location and installation to 

assure that accurate primary signals are obtained. 
5. Acceptable manufacturer is Ebtron (Gold Series). 
6. All airflow monitoring stations shall be ASHRAE 62.1 approved for use. 

 
J. Flow Switches: Flow-proving switches shall be paddle (water service only) or differential pressure type (air 

or water service) as shown. Switches shall be UL listed, SPDT snap-acting, and pilot duty rated (125 VA 
minimum). 

1. Paddle switches shall have adjustable sensitivity and NEMA 1 enclosure unless otherwise specified. 
2. Differential pressure switches shall have scale range and differential suitable for intended application 

and NEMA 1 enclosure unless otherwise specified. 
 

K. VAV Terminal Controls: 
 

1. Bidirectional damper operators and microprocessor-based controller and room sensor. Control devices 
shall be provided by the controls vendor and factory installed by VAV manufacturer. 

 
a. Damper Actuator: 24 V, powered closed, powered open. 
b. Terminal Unit Controller: Pressure-independent, variable-air-volume controller with electronic 

airflow transducer with multipoint velocity sensor at air inlet, factory calibrated to minimum and 
maximum air volumes, and having the following features: 

 
i. Occupied and unoccupied operating mode, as indicated on plans. 
ii. Remote reset of airflow or temperature set points. 
iii. Adjusting and monitoring with portable terminal. 
iv. Communication with temperature-control system specified in Section 23 09 23 "Direct 

Digital Control System." 
 

c. Room Sensor: Wall mounted, with temperature set-point adjustment and access for 
connection of portable operator terminal. 

 
L. Relays: 

1. Control Relays: Control relays shall be plug-in type, UL listed, and shall have dust cover and LED 
"energized" indicator. Contact rating, configuration, and coil voltage shall be suitable for application. 

2. Time Delay Relays: Time delay relays shall be solid-state plug-in type, UL listed, and shall have 
adjustable time delay. Delay shall be adjustable ±100% from setpoint shown. Contact rating, 
configuration, and coil voltage shall be suitable for application. Provide NEMA 1 enclosure for relays 
not installed in local control panel. 

 
M. Override Timers: 

1. Unless implemented in control software, override timers shall be spring-wound line voltage, UL Listed, 
with contact rating and configuration required by application. Provide 0-6 hour calibrated dial unless 
otherwise specified. Flush mount timer on local control panel face or where shown. 

 
N. Current Transmitters: 

1. AC current transmitters shall be self-powered, combination split-core current transformer type with 
built-in rectifier and high-gain servo amplifier with 4-20 mA two-wire output. Full-scale unit ranges 
shall be 10 A, 20 A, 50 A, 100 A, 150 A, and 200 A, with internal zero and span adjustment. Unit 
accuracy shall be ±1% full-scale at 500 ohm maximum burden. 
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2. Transmitter shall meet or exceed ANSI/ISA S50.1 requirements and shall be UL/CSA recognized. 
3. Unit shall be split-core type for clamp-on installation on existing wiring. 

O. Current Transformers: 

1. AC current transformers shall be UL/CSA recognized and shall be completely encased (except for 
terminals) in approved plastic material. 

2. Transformers shall be available in various current ratios and shall be selected for ±1% accuracy at 5 A 
full-scale output. 

3. Use fixed-core transformers for new wiring installation and split-core transformers for existing wiring 
installation. 

 
P. Voltage Transmitters: 

1. AC voltage transmitters shall be self-powered single-loop (two-wire) type, 4-20 mA output with zero and 
span adjustment. 

2. Adjustable full-scale unit ranges shall be 100-130 Vac, 200-250 Vac, 250-330 Vac, and 400-600 Vac. 
Unit accuracy shall be ±1% full-scale at 500 ohm maximum burden. 

3. Transmitters shall meet or exceed ANSI/ISA S50.1 requirements and shall be UL/CSA recognized at 
600 Vac rating. 

 
Q. Voltage Transformers: 

1. AC voltage transformers shall be UL/CSA recognized, 600 Vac rated, and shall have built-in fuse 
protection. 

2. Transformers shall be suitable for ambient temperatures of 4°C-55°C (40°F-130°F) and shall provide 
±0.5% accuracy at 24 Vac and 5 VA load. 

3. Windings (except for terminals) shall be completely enclosed with metal or plastic. 
 

R. Power Monitors: 

1. Power monitors shall be three-phase type and shall have three-phase disconnect and shorting switch 
assembly, UL listed voltage transformers, and UL listed split-core current transformers. 

2. Power monitors shall provide selectable output: rate pulse for kWh reading or 4-20 mA for kW 
reading. Power monitors shall operate with 5 A current inputs and maximum error of ±2% at 1.0 
power factor or ±2.5% at 0.5 power factor. 

 
S. Current Switches: 

1. Current-operated switches shall be self-powered, solid-state with adjustable trip current. Select 
switches to match application current and DDC system output requirements. 

 
T. Pressure Transducers: 

1. Transducers shall have linear output signal and field-adjustable zero and span. 
2. Continuous operating conditions of positive or negative pressure 50% greater than calibrated span 

shall not damage transducer sensing elements. 
3. Water pressure transducer diaphragm shall be stainless steel with minimum proof pressure of 1000 

kPa (150 psi). Transducer shall have 4-20 mA output, suitable mounting provisions, and block and 
bleed valves. 

4. Water differential pressure transducer diaphragm shall be stainless steel with minimum proof pressure of 
1000 kPa (150 psi). Over-range limit (differential pressure) and maximum static pressure shall be 2000 
kPa (300 psi.) Transducer shall have 4-20 mA output, suitable mounting provisions, and 5-valve 
manifold. 

 
U. Differential Pressure Switches: Differential pressure switches (air or water service) shall be UL listed, SPDT 
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snap-acting, pilot duty rated (125 VA minimum) and shall have scale range and differential suitable for 
intended application and NEMA 1 enclosure unless otherwise specified. 

 
V. Pressure-Electric (PE) Switches: PE switches shall be UL listed, pilot duty rated (125 VA minimum) or motor 

control rated, metal or neoprene diaphragm actuated, operating pressure rated for 0-175 kPa (0-25 psig), with 
calibrated scale minimum setpoint range of 14-125 kPa (2-18 psig). 

1. Provide one- or two-stage switch action (SPDT, DPST, or DPDT) as required by application. 
2. Switches shall be open type (panel-mounted). Exception: Switches shall be enclosed type for remote 

installation. Enclosed type shall be NEMA 1 unless otherwise specified. 
3. Each pneumatic signal line to PE switches shall have permanent indicating gauge. 

 
W. Local Control Panels: 

1. Indoor control panels shall be fully enclosed NEMA 1 construction with hinged door key-lock latch and 
removable sub-panels. A common key shall open each control panel and sub-panel. 

2. Prewire internal and face-mounted device connections with color-coded stranded conductors tie- 
wrapped or neatly installed in plastic troughs. Field connection terminals shall be UL listed for 600 V 
service, individually identified per control and interlock drawings, with adequate clearance for field 
wiring. 

3. Each local panel shall have a control power source power switch (on-off) with overcurrent protection. 
 

2.9 WIRING AND RACEWAYS 
 

A. General: Provide copper wiring, plenum cable, and raceways as specified in applicable sections of Division 
26. 

 
B. Insulated wire shall use copper conductors and shall be UL listed for 90°C (200°F) minimum service. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Thoroughly examine project plans for control device and equipment locations. Report discrepancies, 

conflicts, or omissions to Architect or Engineer for resolution before starting rough-in work. 
 

B. Inspect site to verify that equipment can be installed as shown. Report discrepancies, conflicts, or 
omissions to Engineer for resolution before starting rough-in work. 

 
C. Examine drawings and specifications for work of others. Report inadequate headroom or space conditions 

or other discrepancies to Engineer and obtain written instructions for changes necessary to accommodate 
Section 23 09 23 work with work of others. Controls Contractor shall perform at his expense necessary 
changes in specified work caused by failure or neglect to report discrepancies. 

 
3.2 PROTECTION 

 
A. Controls Contractor shall protect against and be liable for damage to work and to material caused by 

Contractor's work or employees. 
 

B. Controls Contractor shall be responsible for work and equipment until inspected, tested, and accepted. 
Protect material not immediately installed. Close open ends of work with temporary covers or plugs during 
storage and construction to prevent entry of foreign objects. 

 
3.3 COORDINATION 
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A. Site: 

1. Assist in coordinating space conditions to accommodate the work of each trade where work will be 
installed near or will interfere with work of other trades. If installation without coordination causes 
interference with work of other trades, Contractor shall correct conditions without extra charge. 

2. Coordinate and schedule work with other work in the same area and with work dependent upon other 
work to facilitate mutual progress. 

 
B. Submittals: See Section 23 09 23 Article 1.9 (Submittals). 

 
C. Test and Balance: 

1. Provide Test and Balance Contractor a single set of necessary tools to interface to control system for 
testing and balancing. 

2. Train Test and Balance Contractor to use control system interface tools. 
3. Provide a qualified technician to assist with testing and balancing the first 20 terminal units. 
4. Test and Balance Contractor shall return tools undamaged and in working condition at completion of 

testing and balancing. 
 

D. Life Safety: 

1. Duct smoke detectors required for air handler shutdown are provided under Division 26. Interlock 
smoke detectors to air handlers for shutdown. 

 
E. Coordination with Other Controls: Integrate with and coordinate controls and control devices furnished or 

installed by others as follows. 

1. Communication media and equipment shall be provided as specified in Section 23 09 23 Article 2.2 
(Communication). 

2. Each supplier of a controls product shall configure, program, start up, and test that product to meet the 
sequence of operations described in Sequence of Operations regardless of where within the contract 
documents those products are described. 

3. Coordinate and resolve incompatibility issues that arise between control products provided under this 
section and those provided under other sections or divisions of this specification. 

4. Controls Contractor shall be responsible for integration of control products provided by multiple 
suppliers regardless of where integration is described within the contract documents. 

 
3.4 GENERAL WORKMANSHIP 

 
A. Install equipment, piping, and wiring or raceway horizontally, vertically, and parallel to walls wherever 

possible. 
 

B. Provide sufficient slack and flexible connections to allow for piping and equipment vibration isolation. 
 

C. Install equipment in readily accessible locations as defined by National Electrical Code (NEC) Chapter 1 
Article 100 Part A. 

 
D. Verify wiring integrity to ensure continuity and freedom from shorts and ground faults. 

 
E. Equipment, installation, and wiring shall comply with industry specifications and standards and local codes 

for performance, reliability, and compatibility. 
 

3.5 FIELD QUALITY CONTROL 
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A. Work, materials, and equipment shall comply with rules and regulations of applicable local, state, and 

federal codes and ordinances as identified in Section 23 09 23 Article 1.7 (Codes and Standards). 
 

B. Continually monitor field installation for code compliance and workmanship quality. 
 

C. Contractor shall arrange for work inspection by local or state authorities having jurisdiction over the work. 
 

3.6 WIRING 
 

A. Control and interlock wiring and installation shall comply with national and local electrical codes, Division 
26, and manufacturer's recommendations. Where the requirements of Section 23 09 23 differ from Division 
26, Section 23 09 23 shall take precedence. 

 
B. NEC Class 1 (line voltage) wiring shall be UL listed in approved raceway as specified by NEC and Division 

26. 
 

C. Low-voltage wiring shall meet NEC Class 2 requirements. Subfuse low-voltage power circuits as required 
to meet Class 2 current limit. 

 
D. NEC Class 2 (current-limited) wires not in raceway but in concealed and accessible locations such as 

return air plenums shall be UL listed for the intended application. 
 

E. Install wiring in raceway where subject to mechanical damage and at levels below 3 m (10ft) in 
mechanical, electrical, or service rooms. 

 
F. Install Class 1 and Class 2 wiring in separate raceways. Boxes and panels containing high-voltage wiring 

and equipment shall not be used for low-voltage wiring except for the purpose of interfacing the two 
through relays and transformers. 

 
G. Do not install wiring in raceway containing tubing. 

 
H. Run exposed Class 2 wiring parallel to a surface or perpendicular to it and tie neatly at 3 m (10 ft) 

intervals. 
 

I. Use structural members to support or anchor plenum cables without raceway. Do not use ductwork, 
electrical raceways, piping, or ceiling suspension systems to support or anchor cables. 

J. Secure raceways with raceway clamps fastened to structure and spaced according to code requirements. 
Raceways and pull boxes shall not be hung on or attached to ductwork, electrical raceways, piping, or 
ceiling suspension systems. 

 
K. Size raceway and select wire size and type in accordance with manufacturer's recommendations and NEC 

requirements. 
 

L. Include one pull string in each raceway 2.5 cm (1 in.) or larger. 
 

M. Use color-coded conductors throughout. 
 

N. Locate control and status relays in designated enclosures only. Do not install control and status relays in 
packaged equipment control panel enclosures containing Class 1 starters. 

 
O. Conceal raceways except within mechanical, electrical, or service rooms. Maintain minimum clearance of 

15 cm (6 in.) between raceway and high-temperature equipment such as steam pipes or flues. 
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P. Adhere to requirements in Division 26 where raceway crosses building expansion joints. 
 

Q. Install insulated bushings on raceway ends and enclosure openings. Seal top ends of vertical raceways. 
 

R. Terminate control and interlock wiring related to the work of this section. Maintain at the job site updated (as-
built) wiring diagrams that identify terminations. 

 
S. Flexible metal raceways and liquid-tight flexible metal raceways shall not exceed 1 m (3 ft) in length and shall 

be supported at each end. Do not use flexible metal raceway less than ½ in. electrical trade size. Use liquid-
tight flexible metal raceways in areas exposed to moisture including chiller and boiler rooms. 

 
T. Install raceway rigidly, support adequately, ream at both ends, and leave clean and free of obstructions. 

Join raceway sections with couplings and according to code. Make terminations in boxes with fittings. Make 
terminations not in boxes with bushings. 

 
3.7 COMMUNICATION WIRING 

 
A. Communication wiring shall be low-voltage Class 2 wiring and shall comply with Article 3.7 (Wiring). 

 
B. Install communication wiring in separate raceways and enclosures from other Class 2 wiring. 

 
C. During installation do not exceed maximum cable pulling, tension, or bend radius specified by the cable 

manufacturer. 
 

D. Verify entire network's integrity following cable installation using appropriate tests for each cable. 
 

E. Install lightning arrestor according to manufacturer's recommendations between cable and ground where a 
cable enters or exits a building. 

 
F. Each run of communication wiring shall be a continuous length without splices when that length is 

commercially available. Runs longer than commercially available lengths shall have as few splices as 
possible using commercially available lengths. 

 
G. Label communication wiring to indicate origination and destination. 

 
H. Ground coaxial cable according to NEC regulations article on "Communications Circuits, Cable, and 

Protector Grounding." 
 

3.8 FIBER OPTIC CABLE 
 

A. During installation do not exceed maximum pulling tensions specified by cable manufacturer. Post- 
installation residual cable tension shall be within cable manufacturer's specifications. 

 
B. Install cabling and associated components according to manufacturers' instructions. Do not exceed 

minimum cable and unjacketed fiber bend radii specified by cable manufacturer. 

3.9 INSTALLATION OF SENSORS 
 

A. Install sensors according to manufacturer's recommendations. 
 

B. Mount sensors rigidly and adequately for operating environment. 
 

C. Install room temperature sensors on concealed junction boxes properly supported by wall framing. 
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D. Air seal wires attached to sensors in their raceways or in the wall to prevent sensor readings from being 
affected by air transmitted from other areas. 

 
E. Use averaging sensors in mixing plenums and hot and cold decks. Install averaging sensors in a 

serpentine manner vertically across duct. Support each bend with a capillary clip. 
 

F. Install mixing plenum low-limit sensors in a serpentine manner horizontally across duct. Support each 
bend with a capillary clip. Provide 3 m (1 ft) of sensing element for each 1 m2 (1 ft2) of coil area. 

 
G. Install pipe-mounted temperature sensors in wells. Install liquid temperature sensors with heat- 

conducting fluid in thermal wells. 
 

H. Install outdoor air temperature sensors on north wall at designated location with sun shield. 
 

I. Differential Air Static Pressure: 

1. Supply Duct Static Pressure: Pipe high-pressure tap to duct using a pitot tube. Make pressure tap 
connections according to manufacturer's recommendations. 

2. Return Duct Static Pressure: Pipe high-pressure tap to duct using a pitot tube. Make pressure tap 
connections according to manufacturer's recommendations. 

3. Building Static Pressure: Pipe pressure sensor's low-pressure port to the static pressure port located on 
the outside of the building through a high-volume accumulator. Pipe high-pressure port to a location 
behind a thermostat cover. 

4. Piping to pressure transducer pressure ports shall contain a capped test port adjacent to transducer. 
5. Pressure transducers, except those controlling VAV boxes, shall be located in control panels, not on 

monitored equipment or on ductwork. Mount transducers in a vibration-free location accessible for 
service without use of ladders or special equipment. 

6. Mount gauge tees adjacent to air and water differential pressure taps. Install shut-off valves before tee 
for water gauges. 

 
J. Smoke detectors, freezestats, high-pressure cut-offs, and other safety switches shall be hard-wired to de- 

energize equipment as described in the sequence of operation. Switches shall require manual reset. Provide 
contacts that allow DDC software to monitor safety switch status. 

 
3.10 FLOW SWITCH INSTALLATION 

 
A. Use correct paddle for pipe diameter. 

 
B. Adjust flow switch according to manufacturer's instructions. 

 
3.11 ACTUATORS 

 
A. General: Mount actuators and adapters according to manufacturer's recommendations. 

 
B. Electric and Electronic Damper Actuators: Mount actuators directly on damper shaft or jackshaft unless 

shown as a linkage installation. Link actuators according to manufacturer's recommendations. 

1. For low-leakage dampers with seals, mount actuator with a minimum 5° travel available for damper 
seal tightening. 

2. To compress seals when spring-return actuators are used on normally closed dampers, power actuator to 
approximately 5° open position, manually close the damper, then tighten linkage. 

3. Check operation of damper-actuator combination to confirm that actuator modulates damper smoothly 
throughout stroke to both open and closed positions. 

4. Provide necessary mounting hardware and linkages for actuator installation. 
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C. Valve Actuators: Connect actuators to valves with adapters approved by actuator manufacturer. 

3.12 PROGRAMMING 
 

A. Point Naming: Name points as shown on the equipment points list provided with each sequence of operation. 
Where multiple points with the same name reside in the same controller, each point name may be 
customized with its associated Program Object number. For example, "Zone Temp 1" for Zone 1, "Zone 
Temp 2" for Zone 2. 

 
B. Software Programming: Programming shall provide actions for each possible situation. Graphic- or 

parameter-based programs shall be documented. Text-based programs shall be modular, structured, and 
commented to clearly describe each section of the program. 

1. Application Programming: Provide application programming that adheres to sequence of operations 
specified in Sequence of Operations. Program documentation or comment statements shall reflect 
language used in sequence of operations. 

2. System Programming: Provide system programming necessary for system operation. 
 

C. Operator Interface: 

1. Standard Graphics: Provide graphics as specified in Section 23 09 23 Article 2.3 Paragraph E.2 
(System Graphics). Show on each equipment graphic input and output points and relevant calculated 
points such as indicated on the applicable Points List in Sequence of Operations. Point information on 
graphics shall dynamically update. 

2. Install, initialize, start up, and troubleshoot operator interface software and functions (including 
operating system software, operator interface database, and third-party software installation and 
integration required for successful operator interface operation) as described in Section 23 09 23. 

 
3.13 CONTROL SYSTEM CHECKOUT AND TESTING 

 
A. Startup Testing: Complete startup testing to verify operational control system before notifying Owner of 

system demonstration. Provide Owner with schedule for startup testing. Owner may have representative 
present during any or all startup testing. 

1. Calibrate and prepare for service each instrument, control, and accessory equipment furnished under 
Section 23 09 23. 

2. Verify that control wiring is properly connected and free of shorts and ground faults. Verify that 
terminations are tight. 

3. Enable control systems and verify each input device's calibration. Calibrate each device according to 
manufacturer's recommendations. 

4. Verify that binary output devices such as relays, solenoid valves, two-position actuators and control 
valves, and magnetic starters, operate properly and that normal positions are correct. 

5. Verify that analog output devices such as I/Ps and actuators are functional, that start and span are 
correct, and that direction and normal positions are correct. Check control valves and automatic dampers 
to ensure proper action and closure. Make necessary adjustments to valve stem and damper blade 
travel. 

6. Prepare a log documenting startup testing of each input and output device, with technician's initials 
certifying each device has been tested and calibrated. 

7. Verify that system operates according to sequence of operations. Simulate and observe each 
operational mode by overriding and varying inputs and schedules. Tune PID loops and each control 
routine that requires tuning. 

8. Alarms and Interlocks: 

a. Check each alarm with an appropriate signal at a value that will trip the alarm. 
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b. Trip interlocks using field contacts to check logic and to ensure that actuators fail in the proper 
direction. 

c. Test interlock actions by simulating alarm conditions to check initiating value of variable and 
interlock action. 

 
3.14 CONTROL SYSTEM DEMONSTRATION AND ACCEPTANCE 

 
A. Demonstration: Prior to acceptance, perform the following performance tests to demonstrate system 

operation and compliance with specification after and in addition to tests specified in Article 3.17 (Control 
System Checkout and Testing). Provide Engineer with log documenting completion of startup tests. 
1. Engineer will be present to observe and review system demonstration. Notify Engineer at least 10 

days before system demonstration begins. 
2. Demonstration shall follow process submitted and approved under Section 23 09 23 Article 1.9 

(Submittals). Complete approved checklists and forms for each system as part of system 
demonstration. 

3. Demonstrate actual field operation of each sequence of operation as specified in Sequence of 
Operations. Provide at least two persons equipped with two-way communication. Demonstrate 
calibration and response of any input and output points requested by Engineer. Provide and operate 
test equipment required to prove proper system operation. 

4. Demonstrate compliance with Section 23 09 23 Part 1 (System Performance). 
5. Demonstrate compliance with sequence of operations through each operational mode. 
6. Demonstrate complete operation of operator interface. 
7. Demonstrate each of the following: 

a. DDC loop response: Supply graphical trend data output showing each DDC loop's response to a 
setpoint change representing an actuator position change of at least 25% of full range. Trend 
sampling rate shall be from 10 seconds to 3 minutes, depending on loop speed. Each sample's 
trend data shall show setpoint, actuator position, and controlled variable values. Engineer will 
require further tuning of each loop that displays unreasonably under- or over-damped control. 

b. Demand limiting: Supply trend data output showing demand-limiting algorithm action. Trend data 
shall document action sampled each minute over at least a 30-minute period and shall show building 
kW, demand-limiting setpoint, and status of setpoints and other affected equipment parameters. 

c. Building fire alarm system interface. 
d. Trend logs for each system: Trend data shall indicate setpoints, operating points, valve positions, 

and other data as specified in the points list provided with each sequence of operation on drawings. 
Each log shall cover three 48-hour periods and shall have a sample frequency not less than 10 
minutes or as specified on its points list. Logs shall be accessible through system's operator 
interface and shall be retrievable for use in other software programs as specified in Section 23 09 23 
Article 2.3 Paragraph E.11 (Trend Configuration). 

 
8. Tests that fail to demonstrate proper system operation shall be repeated after Contractor makes 

necessary repairs or revisions to hardware or software to successfully complete each test. 
 

B. Acceptance: 

1. After tests described in this specification are performed to the satisfaction of both Engineer and Owner, 
Engineer will accept control system as meeting completion requirements. Engineer may exempt tests 
from completion requirements that cannot be performed due to circumstances beyond Contractor's 
control. Engineer will provide written statement of each exempted test. Exempted tests shall be 
performed as part of warranty. 

2. System shall not be accepted until completed demonstration forms and checklists are submitted and 
approved as required in Section 23 09 23 Article 1.9 (Submittals). 

 
3.15 TRAINING 

 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                DIRECT DIGITAL CONTROL SYSTEM 23 09 23 - 28  

A. Provide training for a designated staff of Owner's representatives. Training shall be provided via self-paced 
training, web-based or computer-based training, classroom training, or a combination of training methods. 

 
B. Provide as part of this contract Factory Operators training for two facility operators as designated by the 

Owner. Include all cost associated with Training Manuals, travel and lodging for the training course. 
 
 
END OF SECTION 23 09 23 
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SECTION 23 09 25 - VARIABLE FREQUENCY DRIVES 
 
PART 1 – GENERAL 

 
1.01 DESCRIPTION 

 
A. This specification is to cover a complete Variable Frequency motor Drive (VFD) consisting of a pulse width 

modulated (PWM) inverter designed for use on a standard NEMA Design B induction motor. 
 

B. The drive manufacturer shall supply the drive and all necessary controls as herein specified. The 
manufacturer shall have been engaged in the production of this type of equipment for a minimum of 
twenty years. All VFDs installed on this project shall be from the same manufacturer. 

 
1.02 QUALITY ASSURANCE 

 
A. Referenced Standards: 

1. Institute of Electrical and Electronic Engineers (IEEE) 

a) Standard 519-1992, IEEE Guide for Harmonic Content and Control. 
 

2. Underwriters laboratories 

a) UL508C. 
 

3. National Electrical Manufacturer’s Association (NEMA) 

a) ICS 7.0, AC Adjustable Speed Drives 
 

4. IEC 16800 Parts 1 and 2. 
 

B. Qualifications: 

1. VFDs and options shall be UL listed as a complete assembly. VFDs that require the customer to supply 
external fuses for the VFD to be UL listed are not acceptable. VFDs with requiring additional branch 
circuit protection are not acceptable. The base VFD shall be UL listed for 100 KAIC without the need for 
input fusing. 

2. CE Mark – The VFD shall conform to the European Union ElectroMagnetic Compatibility directive, a 
requirement for CE marking. The VFD shall meet product standard EN 61800-3 for the First 
Environment restricted level. 

3. Acceptable Manufactures: 
a) ABB ACH550 Series. 
b) Trane 
c) Cutler Hammer 
d) Danfoss/Graham 
e) Square D 
f) Yaskawa 
g) Alternate manufacturer’s requests must be submitted in writing at least 10 working days prior to bid. 

Approval does not relieve supplier of specification requirements. 
h) VFDs that are manufactured by a third party and “brand labeled” shall not be acceptable. 

 
1.03 SUBMITTALS 

 
A. Submittals shall include the following information: 
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1. Outline dimensions, conduit entry locations and weight. 
2. Customer connection and power wiring diagrams. 
3. Complete technical product description include a complete list of options provided. Any portions of the 

specifications not complied with must be clearly indicated or the supplier and contractor shall be liable to 
provide all components required to meet the specification. 

4. Compliance to IEEE 519 – harmonic analysis for particular jobsite including total harmonic voltage 
distortion and total harmonic current distortion (TDD). 
a) The VFD manufacturer shall provide calculations; specific to the installation, showing total harmonic 

voltage distortion is less than 5%. Input filters shall be sized and provided as required by the VFD 
manufacturer to ensure compliance with the IEEE electrical system standard 519. All VFDs shall 
include a minimum of 5% equivalent impedance reactors, no exceptions. 

PART 2 – PRODUCTS 
 
2.01 VARIABLE FREQUENCY DRIVES 

 
A. The VFD package as specified herein shall be enclosed in a UL Listed Type enclosure, (NEMA rated 

enclosures are not acceptable) completely assembled and tested by the manufacturer in an ISO9001 
facility. The VFD tolerated voltage window shall allow the VFD to operate from a line of +30% nominal, and 
-35% nominal voltage as a minimum. 

1. Environmental operating conditions: 0 – 40º C continuous. Altitude 0 to 3300 feet above sea level, up 
to 95% humidity, non-condensing. All circuit boards shall have conformal coating. 

2. Enclosure shall be rated UL type 1 and shall be UL listed as a plenum rated VFD. 
 

B. All VFDs shall have the following features: 

1. All VFDs shall have the same customer interface, including digital display, and keypad, regardless of 
horsepower rating. The keypad shall be removable, capable of remote mounting and allow for 
uploading and downloading of parameter settings as an aid for start-up of multiple VFDs. 

2. The keypad shall include Hand-Off-Auto selections and manual speed control. There shall be fault 
reset and “Help” buttons on the keypad. The Help button shall include “on-line” assistance for 
programming and troubleshooting. 

3. There shall be a built-in time clock in the VFD keypad. The clock shall have a battery back up with 10 
years minimum life span. The clock shall be used to date and time stamp faults and record operating 
parameters at the time of fault. If the battery fails, the VFD shall automatically revert to hours of operation 
since initial power up. The clock shall also be programmable to control start/stop functions, constant 
speeds, PID parameter sets and output relays. The VFD shall have a digital input that allows an override 
to the time clock (when in the off mode) for a programmable time frame. There shall be four (4) separate, 
independent timer functions that have both weekday and weekend settings. Capacitor backup is not 
acceptable. 

4. The VFD shall be capable of starting into a coasting load (forward or reverse) up to full speed and 
accelerate or decelerate to setpoint without safety tripping or component damage (flying start). 

5. The overload rating of the drive shall be 110% of its normal duty current rating for 1 minute every 10 
minutes, 130% overload for 2 seconds. The minimum FLA rating shall meet or exceed the values in the 
NEC/UL table 430-150 for 4-pole motors. 

6. The VFD shall have 5% equivalent impedance internal reactors to reduce the harmonics to the power 
line and to add protection from AC line transients. The 5% equivalent impedance may be from dual 
(positive and negative DC bus) reactors, or 5% AC line reactors. VFDs with only one DC reactor shall 
add an AC line reactor. 

7. The VFD shall include a coordinated AC transient protection system consisting of 4-120 joule rated 
MOV’s (phase to phase and phase to ground), a capacitor clamp, and 5% equivalent impedance 
internal reactors. 

8. The VFD shall provide a programmable proof of flow Form-C relay output (broken belt / broken 
coupling). The drive shall be programmable to signal this condition via a keypad warning, relay output 
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and/or over the serial communications bus. Relay outputs shall include programmable time delays 
that will allow for drive acceleration from zero speed without signaling a false underload condition. 

 
D. All VFDs to have the following adjustments: 

1. Three (3) programmable critical frequency lockout ranges to prevent the VFD from operating the load 
continuously at an unstable speed. 

2. Two (2) PID Setpoint controllers shall be standard in the drive, allowing pressure or flow signals to be 
connected to the VFD, using the microprocessor in the VFD for the closed loop control. The VFD shall 
have 250 ma of 24 VDC auxiliary power and be capable of loop powering a transmitter supplied by 
others. There shall be two parameter sets for the first PID that allow the sets to be switched via a digital 
input, serial communications or from the keypad for night setback, summer/winter setpoints, etc. There 
shall be an independent, second PID loop that can utilize the second analog input and modulate one of 
the analog outputs to maintain setpoint of an independent process (ie. valves, dampers, etc.). All 
setpoints, process variables, etc. to be accessible from the serial communication network. 

3. Two (2) programmable analog inputs shall accept current or voltage signals. 
4. Two (2) programmable analog outputs (0-20ma or 4-20 ma). The outputs may be programmed to output 

proportional to Frequency, Motor Speed, Output Voltage, Output Current, Motor Torque, Motor Power 
(kW), DC Bus voltage, Active Reference, and other data. 

5. Six (6) programmable digital inputs. 
6. Three (3) programmable digital Form-C relay outputs. The relays shall include programmable on and off 

delay times and adjustable hysteresis. The relays shall be rated for maximum switching current 8 
amps at 24 VDC and 0.4 A at 250 VAC; Maximum voltage 300 VDC and 250 VAC; continuous current 
rating 2 amps RMS. Outputs shall be true Form-C type contacts; open collector outputs are not 
acceptable. 

7. Run permissive circuit - There shall be a run permissive circuit for damper or valve control. 
Regardless of the source of a run command (keypad, time-clock control, or serial communications) the 
VFD shall provide a dry contact closure that will signal the damper to open (VFD motor does not operate). 
When the damper is fully open, a normally open dry contact (end-switch) shall close. The closed end-
switch is wired to a VFD digital input and allows motor operation. Two separate safety interlock inputs 
shall be provided. When either safety is opened, the motor shall be commanded to coast to stop, and the 
damper shall be commanded to close. 

8. Two independently adjustable accel and decel ramps with 1 – 1800 seconds adjustable time ramps. 
9. The VFD shall include a motor flux optimization circuit that will automatically reduce applied motor 

voltage to the motor to optimize energy consumption and audible motor noise. 
10. The VFD shall include a carrier frequency control circuit that reduces the carrier frequency based on 

actual VFD temperature that allows higher carrier frequency without derating the VFD or operating at 
high carrier frequency only at low speeds. 

11. The VFD shall include password protection against parameter changes. 
 

E. The Keypad shall include a backlit LCD display. The display shall be in complete English words for 
programming and fault diagnostics (LED and alpha-numeric codes are not acceptable). All VFD faults shall 
be displayed in English words. 

 
F. All applicable operating values shall be capable of being displayed in engineering (user) units. A minimum of 

three operating values from the list below shall be capable of being displayed at all times. The display shall 
be in complete English words (alpha-numeric codes are not acceptable): 

 
Output Frequency 
Motor Speed (RPM, %, or Engineering units) 
Motor Current 
Drive Temperature 
DC Bus Voltage 
Output Voltage 
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G. The VFD shall include a fireman’s override input. Upon receipt of a contact closure from the fireman’s control 
station, the VFD shall operate in one of two modes: 1) Operate at a programmed predetermined fixed speed 
or operate in a specific fireman’s override PID algorithm that automatically adjusts motor speed based on 
override set point and feedback . The mode shall override all other inputs (analog/digital, serial 
communication, and all keypad commands), except customer defined safety run interlock, and force the 
motor to run in one of the two modes above.  “Override Mode” shall be displayed on the keypad. Upon 
removal of the override signal, the VFD shall resume normal operation. 

 
H. Serial Communications: 

1. The VFD shall have an RS-485 port as standard. The standard protocols shall be Modbus, BACnet, 
Johnson Controls N2 bus, and Siemens Building Technologies FLN. Each individual drive shall have the 
protocol in the base VFD. The use of third party gateways and multiplexers is not acceptable. All 
protocols shall be “certified” by the governing authority (i.e. BTL Listing for BACnet). Use of non- certified 
protocols is not allowed. 

2. The BACnet connection shall be an RS485, MS/TP interface operating at 9.6, 19.2, 38.4, or 76.8 Kbps. 
The connection shall be tested by the BACnet Testing Labs (BTL) and be BTL Listed. The BACnet 
interface shall conform to the BACnet standard device type of an Applications Specific Controller (B- 
ASC). The interface shall support all BIBBs defined by the BACnet standard profile for a B-ASC 
including, but not limited to: 
a. Data Sharing – Read Property – B. 
b. Data Sharing – Write Property – B. 
c. Device Management – Dynamic Device Binding (Who-Is; I-AM). 
d. Device Management – Dynamic Object Binding (Who-Has; I-Have). 
e. Device Management – Communication Control – B. 

 
3. Serial communication capabilities shall include, but not be limited to; run-stop control, speed set 

adjustment, proportional/integral/derivative PID control adjustments, current limit, accel/decel time 
adjustments, and lock and unlock the keypad. The drive shall have the capability of allowing the DDC to 
monitor feedback such as process variable feedback, output speed / frequency, current (in amps), 
% torque, power (kW), kilowatt hours (resettable), operating hours (resettable), and drive temperature. 
The DDC shall also be capable of monitoring the VFD relay output status, digital input 
status, and all analog input and analog output values. All diagnostic warning and fault information shall 
be transmitted over the serial communications bus. Remote VFD fault reset shall be possible. 

 
I. EMI / RFI filters. All VFDs shall include EMI/RFI filters. The VFD shall comply with standard EN 61800-3 for 

the First Environment, restricted level with up to 100’ of motor cables. No Exceptions. Certified test lab test 
reports shall be provided with the submittals. 

 
J. All VFDs through 60HP shall be protected from input and output power mis-wiring. The VFD shall sense 

this condition and display an alarm on the keypad. The VFD shall not be damaged by this condition. 
 

K. OPTIONAL FEATURES – Optional features to be furnished and mounted by the drive manufacturer. All 
optional features shall be UL Listed by the drive manufacturer as a complete assembly and carry a UL508 
label. The bypass enclosure door and VFD enclosure must be interlocked such that input power is turned off 
before either enclosure can be opened. The VFD and Bypass as a package shall have a UL listed short 
circuit rating of 100,000 amps and shall be indicated on the data label. 

1. A complete factory wired and tested bypass system consisting of an output contactor and bypass 
contactor, service (isolation) switch and VFD input fuses are required. Bypass designs, which have no 
VFD only fuses, or that incorporate fuses common to both the VFD and the bypass will not be accepted 

2. Door interlocked padlockable circuit breaker that will disconnect all input power from the drive and all 
internally mounted options. 

 
L. The following operators shall be provided: 
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a. Bypass Hand-Off-Auto 
b. Drive mode selector and light 
c. Bypass mode selector and light 
d. Bypass fault reset 
e. Bypass LDC display, 2 lines, for programming and status / fault / warning indications 

 
1. Motor protection from single phase power conditions - The Bypass system must be able to detect a 

single phase input power condition while running in bypass, disengage the motor in a controlled 
fashion, and give a single phase input power indication. Bypass systems not incorporating single 
phase protection in Bypass mode are not acceptable. 

2. The system (VFD and Bypass) tolerated voltage window shall allow the system to operate from a line of 
+30%, -35% nominal voltage as a minimum. The system shall incorporate circuitry that will allow the 
drive or bypass contactor to remain “sealed in” over this voltage tolerance at a minimum. 

3. The Bypass system shall NOT depend on the VFD for bypass operation. The bypass shall be 
completely functional in both Hand and Automatic modes even if the VFD has been removed from the 
enclosure for repair / replacement. 

4. Serial communications – the bypass and VFD shall be capable of being monitored and or controlled via 
serial communications. Provide communications protocols for ModBus; Johnson Controls N2; Siemens 
Building Technologies FLN (P1) and BACnet in the bypass controller. 

5. BACnet Serial communication bypass capabilities shall include, but not be limited to; bypass run-stop 
control; the ability to force the unit to bypass; and the ability to lock and unlock the keypad. The bypass 
shall have the capability of allowing the DDC to monitor feedback such as, bypass current (in amps), 
bypass kilowatt hours (resettable), bypass operating hours (resettable), and bypass logic board 
temperature. The DDC shall also be capable of monitoring the bypass relays output status, and all digital 
input status. All bypass diagnostic warning and fault information shall be transmitted over the serial 
communications bus. Remote bypass fault reset shall be possible. The following additional bypass status 
indications and settings shall be transmitted over the serial communications bus – keypad “Hand” or 
“Auto” selected, and bypass selected. The DDC system shall also be able to monitor if the motor is 
running under load in both VFD and bypass (proof of flow) in the VFD mode over serial communications 
or Form-C relay output. A minimum of 40 field parameters shall be capable of being monitored in the 
bypass mode. 

6. Run permissive circuit - there shall be a run permissive circuit for damper or valve control. Regardless of 
the source of a run command (keypad, time-clock control, or serial communications) the VFD and bypass 
shall provide a dry contact closure that will signal the damper to open (VFD motor does not operate). 
When the damper is fully open, a normally open dry contact (end-switch) shall close. The closed end-
switch is wired to a VFD system input and allows motor operation. Two separate safety interlock inputs 
shall be provided. When either safety is opened, the motor shall be commanded to coast to stop, and the 
damper shall be commanded to close. 

7. The bypass control shall monitor the status of the VFD and bypass contactors and indicate when there is 
a welded contactor contact or open contactor coil. This failed contactor operation shall be indicated on 
the Bypass LCD display as well as over the serial communications protocol. 

8. The bypass control shall include a programmable time delay for bypass start and keypad indication that 
this time delay is in process. This will allow VAV boxes to be driven open before the motor operates at 
full speed in the bypass mode. The time delay shall be field programmable from 0 – 120 seconds. 

9. The bypass control shall be programmable for manual or automatic transfer to bypass. The user shall be 
able to select via keypad programming which drive faults will generate an automatic transfer to bypass 
and which faults require a manual transfer to bypass. 

10. There shall be an adjustable motor current sensing circuit for the bypass and VFD mode to provide 
proof of flow indication. The condition shall be indicated on the keypad display, transmitted over the 
building automation protocol and on a relay output contact closure. 

11. The bypass controller shall have six programmable digital inputs, and five programmable Form-C relay 
outputs. 

12. The relay outputs from the bypass shall programmable for any of the following indications. 

a. System started 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                VARIABLE FREQUENCY DRIVES 23 09 25 - 6 

b. System running 
c. Bypass override enabled 
d. Drive fault 
e. Bypass fault 
f. Bypass H-O-A position 
g. Motor proof of flow (broken belt) 
h. Overload 
i. Bypass selected 
j. Bypass run 
k. System started (damper opening) 
l. Bypass alarm 
m. Over temperature 

 
13. The digital inputs for the system shall accept 24VAC or 24VDC. The bypass shall incorporate internally 

sourced power supply and not require an external control power source.  The bypass power board shall 
supply 250 ma of 24 VDC for use by others to power external devices. 

14. Customer Interlock Terminal Strip – provide a separate terminal strip for connection of freeze, fire, 
smoke contacts, and external start command. All external safety interlocks shall remain fully functional 
whether the system is in VFD or Bypass mode. The remote start/stop contact shall operate in VFD and 
bypass modes. The terminal strip shall allow for independent connection of up to four (4) unique safety 
inputs. 

15. The user shall be able to select the text to be displayed on the keypad when the safety opens. Example 
text display indications include “Firestat”, “Freezestat”, “Over pressure” and “Low pressure”. The user 
shall also be able to determine which of the four (4) safety contacts is open over the serial 
communications connection. 

16. Class 10, 20, or 30 (selectable) electronic motor overload protection shall be included. 
 
PART 3 – EXECUTION 

 
3.01 INSTALLATION 

 
A. Installation shall be the responsibility of the mechanical contractor. The contractor shall install the drive in 

accordance with the requirements of the VFD manufacturer’s installation manual. 
 
3.02 START-UP 

 
A. Certified factory start-up shall be provided for each drive by a factory certified service center. A certified 

start-up form shall be filled out for each drive with a copy provided to the owner, and a copy kept on file at 
the manufacturer. 

 
3.03 PRODUCT SUPPORT 

 
A. Factory trained application engineering and service personnel that are thoroughly familiar with the VFD 

products offered shall be locally available at both the specifying and installation locations. A toll free 
24/365 technical support line shall be available. 

 
B. A computer based training CD or 8-hour professionally generated video (VCR format) shall be provided to 

the owner at the time of project closeout. The training shall include installation, programming and operation 
of the VFD, bypass and serial communication. 

3.04 WARRANTY 
 

A. Warranty shall be 24 months from the date of certified start-up, not to exceed 30 months from the date of 
shipment. The warranty shall include all parts, labor, travel time and expenses. 

 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                VARIABLE FREQUENCY DRIVES 23 09 25 - 7 

END OF SECTION 23 09 25 
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SECTION 23 21 13 - PIPING SYSTEMS:  HVAC, WATER 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide systems as indicated and include all offsets, fittings, sleeves and similar items 

required (but not indicated due to drawing scale) for complete and operable systems. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to 

other sections of the Division-23 and to all other applicable portions of the drawings and 
specifications. 

 
B. This section directly relates in particular to sections (which may or may not be included in 

this division) which describe the following: 

1. Valves, cocks and specialties. 
2. Thermometers, gauges and flow meters. 
3. Insulation. 
4. Connected equipment. 

 
1.4 SHOP DRAWINGS 

 
A. Refer to the Section entitled "General Mechanical Provisions". 

 
1.5 INDUSTRY STANDARDS 

 
A. Where compliance with an industry, society or association standard is specified or 

indicated, certification of such compliance shall be submitted with shop drawings. 
 
1.6 PRESSURE AND TEMPERATURE RATINGS 

 
A. Temperature: Unless otherwise specified, ratings shall be at 150oF for the chilled and 

condenser water systems and 200oF for the hot water system for all components specified 
herein. 

 
B. Pressure: Unless otherwise specified, all components must be of pressure class and 

rating to be recommended for operation at the maximum allowable non-shock pressure of 
200 psig. 

 
1.7 FLUIDS 

 
A. This section covers the following fluids: 

1. Chilled water. 
 
PART 2 - PRODUCTS 
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2.1 GENERAL 

 
A. Application: Piping systems shall be of the materials indicated. 

 
B. Quality and Weight: Materials shall comply with requirements and specifications of the 

appropriate standards of the American Society for Testing and Materials. 
2.2 STEEL PIPE AND FITTINGS 

 
A. Pipe: Black steel, seamless or electric weld for pipe sizes two (2) inches and above, 

continuous weld  below two (2) inches, conforming to ASTM Std. Spec. A-53 or A-120. 
Schedule 40 to 10"; 0.375" wall thickness for 12" and greater. 

 
B. Fittings: 

1. General: Be wrought steel socket welded or threaded, or wrought steel butt welded, 
rated to match the schedule of the connected pipe. 

2. Screwed Fittings: Malleable iron, ASTM A-47. Unions shall be 250 lb. (maximum) 
ground joint type.  All couplings, regardless of size shall be taper tapped; i.e., couplings 
2 inches and smaller shipped with pipe are not acceptable for use in the piping system. 

3. Welded Fittings: Forged, seamless, black steel, long radius, conforming to ASTM Std. 
Spec. A-234. Weldolet fittings may be used in lieu of forged tees where branch 
connections are not larger than three-quarters the size of main pipe. Use groove or 
ridge type welding rings on all piping over 4-inch diameter. Mitre elbows, tees and 
reducers are prohibited. 

 
2.3 COPPER PIPE AND FITTINGS 

 
A. General: Comply with ASTM A-88. Copper is allowed for pipe sizes only up to and 

including 4-inch diameter. 
 

B. Pipe and fittings (½-inch OD and less): Type L soft drawn tubing with flare fittings. 
 

C. Pipe and Fittings (up to 4-inch diameter): Type L, hard drawn, ASTM-B88 with wrought or 
cast brass solder joint fittings. 

 
2.4 UNIONS, FLANGES AND DIELECTRIC INSULATORS 

 
A. Unions: Use ground joint unions on piping 1-1/2" and smaller, and flanged unions on sizes 

2" and larger. Use malleable iron on steel piping black or galvanized as specified for piping. 
Unions in copper piping shall be brass. 

 
B. Flanges: Forged carbon steel, welding neck type conforming to ASTM Std. Spec. A-181 

Grade 1. Flanges shall have raised face and gaskets conforming to ANSI B16.5. 
 

C. Dielectric Isolators: 

1. Dielectric Unions: Are to be used at all junctions of copper pipe and steel equipment.  
Use flanged  type insulated unions in piping 1-1/2" and larger with screw or solder joint 
connections to suit pipe and equipment. Epco, Capitol Manufacturing and Supply Co., 
Patrol Valve Co., or approved equal. 

2. Dielectric Flanges: For pipe sizes two and one-half inches and over; Plico Products, 
flanged insulation sets with; phenolic retainer, nitrile rubber seal element, polyethylene 
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sleeves and double washer sets. 
 
2.5 PIPE NIPPLES 

 
A. Provide nipples of same material and weight as pipe used. Provide extra strong nipples 

when length of unthreaded part of standard weight nipple is less than 1-1/2". 
 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Routing and Placement: Piping shall be run without traps or pockets and pitched 1" in 40' in 

the direction of flow. Interior piping shall be run parallel to the walls and ceilings in a neat 
manner and shall be offset as required to avoid interferences with structural or architectural 
features and other work. Exterior piping (above and below grade) shall essentially be 
routed and located as indicated on the drawings; however, actual placement shall be 
verified by confirming exact location of structures and other utilities in the field and by 
careful layout prior to execution of the work. Drawings are generally diagrammatic and do 
not show every bend, off-set, elbow or other fitting required in the piping for installation in 
the indicated location. Coordinate installation so that no conflicts or interferences are 
created with other piping, equipment or other work. 

 
B. Run all lines parallel or perpendicular to building lines and with a minimum of joints and 

fittings. Avoid diagonal runs where possible. 
C. Insulated Piping: For piping requiring insulation, install piping with sufficient clearances to 

permit proper application of the insulation. 
 
3.2 APPLICATIONS OF PIPING SYSTEMS 

 
A. General: Piping systems may be installed as steel or copper systems of the materials 

specified. These systems may be installed as combinations of steel and copper providing 
the appropriate dielectric isolators, methods of joining, compliance with maximum and 
minimum allowed sizes, and other requirements are provided. 

 
3.3 EXPANSION AND CONTRACTION 

 
A. Piping shall be installed with provisions for expansion both horizontally and vertically in all 

long runs including runouts from risers. Essentially the provisions shall take the form of 
expansion loops or expansion elbows, as indicated on the drawings; however, in certain 
portions, where indicated, these provisions may take the form of expansion connectors as 
specified in other sections. 

 
3.4 JOINTS AND CONNECTIONS 

 
A. General: 

1. Correctly align all pipe before joints are made. 
2. Joints in copper piping shall be made with 95-5 solder and flux. 
3. Joints and connections shall be made permanently air, gas and water tight. 

 
B. Welded Joints: All pipe 2-1/2" and larger shall be welded. Cut pipe square using pipe 

cutting tool and carefully ream pipe to remove all burrs. Bevel ends of pipe and, after 
carefully aligning and setting of proper weld gap, tack weld to secure pipe and fittings in 
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true alignment. All weld shall be of sound metal with tack welds removed in advance of 
finish weld. 

 
C. Welder Certification: All welding shall be performed by welders certified in accordance with 

ANSI B31.1 with test conducted by the National Certified Pipe Welding Bureau or by other 
approved testing laboratory. Copy of certification shall be available at job sites. Welders 
shall show certification certificates to inspector at or prior to time welder is assigned to job. 
If work of welder is not satisfactory to the inspector, recertification will be required. 

 
D. Welding Rings: Provide welding rings for all butt welded joints. 

 
E. Screwed Joints: Shall be used on steel pipe two (2) inches and smaller except where 

flanged connections to equipment or valves are required. Cut pipe square using pipe 
cutting tool and carefully ream pipe to remove all burrs. Cut a complete thread, using sharp 
dies properly set and centered, while applying oil graphite cutting lubricant. Use non-
hardening compound or tape on male threads only at each joint and tighten joint to leave 
not more than 3 threads exposed. Provide American Standard Thread screwed joints. 

 
F. Copper Tube: Ream all pipe after cutting squarely, clean outside of tube ends and inside of 

fittings and tin end to be soldered. Apply solder flux to joint areas of both tubes and fittings. 
Insert tube full depth into fitting, and solder in manner which will draw solder full depth and 
circumference of joint. Wipe excess solder from joint before it hardens. 

 
G. Dissimilar Metals: Where incompatible piping system materials come in contact (except for 

the use of valves), isolate the two materials with dielectric isolators. 
 
3.5 EQUIPMENT CONNECTIONS 

 
A. General: Make connections between any piece of equipment and any piping system in this 

Section of the Specifications by means of unions, flange joints or other fittings which permit 
equipment to be disconnected and removed for maintenance. Connections to equipment 
shall be made in accordance with details on the drawings and the equipment 
manufacturer's installation instructions. Final connections to equipment shall be made with 
unions for pipe sizes two (2) inches and under and as otherwise noted below for pipe sizes 
over two inches. 

 
B. Chillers: Connections to condensers and evaporators shall be made using mechanical pipe 

couplings, as specified in another section. 
C. Pumps, Valves, Strainers and Other Equipment: Connections shall be made using flanges 

and bolt and gasket sets to suit the individual pieces of equipment and insure ease of 
service access. 

 
3.6 BRANCH AND RISER ISOLATION 

 
A. Valves: Provide valves to isolate each riser and branch line. 

 
3.7 PIPE SIZE REDUCTIONS AND ENLARGEMENTS 

 
A. Screwed bushings are prohibited, except where available space prevents use of reducing 

couplings. Pipe reductions on horizontal piping shall be made with eccentric reducers. Top 
of piping shall be flat for venting. 

 
3.8 VALVES 
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A. General: All valves, balancing cocks and similar items shall be installed in an easily 

accessible location. Provide access panels for all concealed valves. Where butterfly valves 
are used, they shall be installed between properly spaced flanges, then run to the full open 
position before mounting bolts are tightened in order to insure a balanced pressure on the 
seat and prevent distortion. 

 
B. Install valves or cocks in supply and return lines to each piece of equipment on piping main 

side of union connections. 
 

C. Install valves in horizontal piping with the valve stem in the vertical upright position. 
 

D. Install valves to provide adequate clearance to permit easy operation of the valve hand 
wheel and permit servicing of the valve packing. 

 
3.9 AIR VENTS AND DRAINS 

 
A. Vents and drains shall be provided where shown on the drawings, and at all high and low 

points, respectively, in the system. Provide gate valves (3/4") with hose thread connector 
(adapter) at each vent and drain point. 

 
3.10 INSTRUMENTATION AND SPECIALTY ITEMS 

 
A. Thermometers, gauges, gauge cocks, gauge valves, instrument wells, flow stations, flow 

switches, control valves and similar items which may be specified in other Sections shall be 
installed complete, including the provision of standard pipe fittings as may be required, as 
work of this Section. Installation of these items shall be in strict accordance with the 
manufacturer's installation instructions. 

 
3.11 FLOW INDICATING AND/OR BALANCING VALVES OR METERS 

 
A. Install flow indicating balancing valves where shown on drawings. The locations shown on 

drawings or otherwise indicated are diagrammatic in nature and are intended basically to 
show the requirement for flow measurement and shut-off relative to a specific piece of 
equipment or portion of the system and not in the exact physical location of the device. The 
exact physical location shall be determined using field measurements relating to upstream 
and downstream clearances. Install in accordance with manufacturer's recommendations 
including increases or decreases in pipe size at points of installation together with minimum 
recommended lengths of straight run pipe before and after points of installation. Balancing 
shall be done as work of the section describing test and balance. 

 
3.12 PRESSURE RELIEF VALVES 

 
A. Install pressure relief valves where specified or indicated on the drawings. Pipe to spill over 

floor drain or service sink. 
 
3.13 TESTS 

 
A. Prior to insulating and concealing the pipe, apply a water pressure test to all parts of the 

systems before equipment is connected. Use a hydrostatic pressure of not less than 100 
psig or 150% of system operating pressure, test system for a period not less than four 
hours. There shall be no leaks at any point in the system at this pressure. 

B. Leave concealed work uncovered until required tests have been completed, but if 
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necessary, make tests on portions of the work and those portions of the work may be 
concealed after being inspected and approved. Make repairs of defects that are discovered 
as a result of inspection or tests with new materials. Caulking of screwed joints, cracks or 
holes will not be accepted. Repeat tests after defects have been eliminated. 

 
C. Complete all field testing prior to insulation, wrapping and/or backfill. 

 
3.14 FLUSHING AND CLEANING 

 
A. After final testing, thoroughly flush each piping system with clean water to remove debris. 

Disconnect all coils and heat exchangers from the system before flushing. Flush all coils 
and heat exchangers separately to assure that debris does not become lodged in them. 
Provide temporary valves and drains as required to accomplish flushing. 

 
B. After flushing, thoroughly clean each piping system with appropriate cleanser to remove oil, 

grease, lacquer, etc. Thoroughly flush each system with clean water after cleaning. 
 

C. Also see section describing water treatment systems for HVAC Systems. 
 
3.15 PROTECTION 

 
A. Paint all uninsulated piping underground except cast or ductile iron or PVC with two coats 

of asphaltic paint. (Manual wiping is not acceptable.) 
 

B. Wrap pipe that touches metal or is exposed to masonry with a layer of 6 mil polyethylene 
film or 15 lb. felt. 

 
C. Coat all exposed threads on galvanized steel pipe after assembly with two coats of zinc 

chromate.  Remove pipe thread lubricants prior to applying paint. 
 

END OF SECTION 23 21 13 
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SECTION 23 30 05 - COORDINATION DRAWINGS 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes the requirement for all trades to coordinate their work in the available space and to reflect 
this effort on a composite drawing. 

 
1.2 SUBMITTALS 

 
A. Shop Drawings: Upon completion of the metal ductwork shop drawings, the sheetmetal subcontractor shall 

prepare a complete set of CAD generated background drawings at a scale not less than 3/8" equals 1'-0", 
showing structure, owner furnished equipment, etc., and other information as needed for coordination. He shall 
show sheetmetal layout thereon. These will become the basis for the Coordination Drawings. Other software 
specifically designed for construction coordination may be acceptable. 

 
B. Plots of the coordination drawings shall be distributed sequentially to each specialty trade. Each of the  below 

specialty trades shall add its work to these background drawings with appropriate elevations and grid 
dimensions. Specialty trade information is required for mechanical rooms, horizontal exits from duct shafts, 
crossovers, and for spaces in and above ceilings where congestion of work may occur such as corridors, and 
even entire floors. Drawings shall indicate horizontal and vertical dimensions, to avoid interference with 
structural framing, ceilings, partitions, and other services. Specialty trades include but are not limited to 
Plumbing, HVAC Piping, Electrical, Ductwork, and Fire Protection. 

1. Coordination Drawings include but are not necessarily limited to new and existing for: 

a. Structure 
b. Equipment 
c. Partition/room layout 
d. Ceiling tile and grid 
e. Light fixtures 
f. Access panels 
g. Sheet metal, heating coils, boxes, grilles, diffusers, etc. 
h. All piping and valves 
i. Smoke and fire dampers 
j. Soil, waste and vent piping 
k. Domestic water, sanitary, and storm piping 
l. Medical gas piping 
m. Major electrical conduit runs, panelboards, feeder conduit and racks of branch conduit 
n. Above ceiling miscellaneous metal 
o. Sprinkler piping and heads 

 
2. All firewalls and smoke partitions must be highlighted on the coordination drawings for appropriate 

coordination. 
3. The main paths of egress and for equipment removal, from main mechanical and electrical rooms must 

be clearly shown on the coordination drawings. 
4. Illustrate clear maintenance access, coil pull, and code required clearance for all equipment. 
5. Illustrate code minimum required clearances between miscellaneous vents, exhaust air outlets and 

outdoor air intakes. 
6. Coordinate final location of floor drains with housekeeping pads and equipment locations. 

 
C. Each specialty trade shall sign and date each coordination drawing. Return drawings to the Sheetmetal 

Subcontractor, who shall route them sequentially to all specialty trades. 
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D. Where conflicts occur with placement of materials of various trades, the Sheetmetal Subcontractor will be 
responsible to coordinate the available space to accommodate all trades. Any resulting adjustments shall be 
initialed and dated by the specialty trade. The Sheetmetal Subcontractor shall then final date and sign each 
drawing. If he cannot resolve conflicts, the decision of the General Contractor shall be final. 

 
E. A Subcontractor who fails to promptly review and incorporate his work on the drawings shall assume full 

responsibility of any installation conflicts affecting his work and of any schedule ramifications. 
F. Fabrication of any MEP/FP systems shall not start the coordination drawings have been submitted. The 

Coordination Drawings are for A/E review only and for requesting A/E assistance with irresolvable areas of 
conflict. A completed review of the coordination drawings by the A/E is not required to commence installation. 

 
G. Review of coordination drawings shall not diminish responsibility under this Contract for final coordination of 

installation and maintenance clearances of all systems and equipment with Architectural, Structural, Mechanical, 
Electrical and other work. 

 
H. Any changes after the completion of the coordination drawing review process shall be approved in writing by the 

A/E prior to start of work in affected areas. 
 

PART 2 - PRODUCTS 
 

2.1 Not used 
 

PART 3 - EXECUTION 
 

3.1 Not Used 
 
 
END OF SECTION 23 30 05 
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SECTION 23 31 00 - DUCTWORK 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
01 Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Provide complete duct systems as indicated. Systems shall include, but not be limited to, the following: 

outside air, exhaust air, and air conditioning supply and return air duct systems as shown on drawings. 
Drawing scales prohibit the indication of all offsets, fittings, and like items; however, these items shall be 
installed as required for the actual project conditions at no change in contract price. 

 
B. Items Included: This section generally includes, but is not limited to, the following major items: 

1. Low pressure sheet metal ductwork. 
2. Acoustical thermal duct liner. 
3. High pressure sheet metal ductwork, round and flat oval. 
4. High pressure sheet metal ductwork, rectangular. 
5. Low pressure flexible ducts. 
6. High pressure flexible ducts. 
7. Other special duct systems. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions" for related requirements. Refer to other sections of 

Division 23 and to other applicable portions of the Drawings and Specifications. 
 

B. This section is directly related in particular to sections (which may or may not be included in this division) 
which describe the following: 

1. Sections describing air handling equipment and fans. 
2. Air distribution devices. 
3. Terminal units. 
4. Duct system accessories. 
5. Insulation. 

 
C. Coordinate shop drawings, ordering, delivery, and placement of all items affecting the duct systems including, 

but not limited to, the following items: air handling units, exhaust fans, supply fans, sound attenuators, duct 
mounted coils, access panels, air distribution devices, fire dampers, outside air louvers, hoods, filters, roof 
curbs, structural framing, roof construction, roofing, and the work of all trades to insure an orderly and timely 
progression of the work. Refer to the requirements of Section entitled "General Mechanical Provisions". 

 
D. Refer to other sections which may describe additional sound attenuation measures which may relate to this 

section. 
 

1.4 SHOP DRAWINGS 
 

1.5 Refer to Section entitled "General Mechanical Provisions". Include complete data as applicable to this project on: 
all prefabricated duct and fittings; duct liner including mechanical fasteners and adhesives; duct sealing materials; 
duct joining and seaming methods; and all other items. If required by Architect, prepare and submit for approval 
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completely detailed shop drawings of supply and return ductwork from any or each air handling unit through its 
transitions, bends and elbows until such ducts are extended beyond the air handling unit equipment area and/or 
congested areas; these shop drawings will not be required unless specifically called for elsewhere or unless 
significant deviation from the Drawings is necessitated by the equipment provided.OTHER REQUIREMENTS 

 
A. Provide all ductwork and components thereof in accord with manufacturer's recommendations. All ductwork 

dimensions indicated are nominal free clearance internal dimensions which do not include insulation 
thickness. 

 
1.6 DEFINITIONS 

 
A. "SMACNA" means "Sheet Metal and Air Conditioning Contractors National Association, Inc." 

 
B. Low Pressure Ductwork: Any and all ductwork conveying air or other gases at velocities less than 2500 fpm 

and static pressure less than 2.0 inches wg. This ductwork may also be referred to in these specifications as 
"Low Velocity Ductwork". SMACNA "HVAC Duct Construction Standards, Metal and Flexible", Second 
Edition, 1995, shall govern construction of this ductwork unless otherwise specified. 

 
1. Where and if fiberglass ductwork is specified, it shall be considered only for low pressure classification 

use and shall be constructed in accord with SMACNA "Fiberous Glass Duct Construction Standards", 
Fifth Edition, 1977. 

 
C. High Pressure Ductwork: Any and all ductwork conveying air or other gases at velocities equal to or greater 

than 2500 fpm or static pressure equal to or greater than 2.0 inches wg. This ductwork may also be referred 
to in these specifications as "High Velocity Ductwork" or "Medium Pressure Ductwork", but shall be 
considered, in either terminology, to fall within pressure/velocity class (PV/C designation) 3 to 10. SMACNA 
"HVAC Duct Construction Standards, Metal and Flexible", Second Edition, 1995, shall govern construction of 
this ductwork unless otherwise specified. 

 
1.7 PRESSURE/VELOCITY CLASSIFICATIONS 

 
A. Pressure and velocity classifications (hereinafter called "P/VC") for ducts are defined as follows: 

 
  

SMACNA 
 

Static 
Positive 
or 

 
SMACNA 

 
Maximum 

P/VC Pressure Pressure Negative Seal Velocity 
Desig. Class  Rating  Pressure Class  (fpm) 

10 High 10" + A 2000 up 
6 Medium 6" + A 2000 up 
4 Medium 4" + A 4000 dn 
3 Medium 3" + or - B 4000 dn 
2 Low 2" + or - C 2500 dn 
1 Low 1" + or - C 2500 dn 
½ Low 1/2" + or - C 2000 dn 

 
B. See Part 3, EXECUTION, of this section for duct sealing requirements. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Materials shall comply with current SMACNA standards. 

 
B. ASTM: Unless otherwise specified, ASTM material specifications applicable are: 
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Material 
Galvanized steel 

Type 
G90 

ASTM 
Number A525 

Stainless steel 304,316 A240 
Cold rolled steel 20-28 ga. A366 
Cold rolled steel 18 ga. A619 
Aluminum 3003 H-14 B609 

 
C. Special Materials, Gauges and Construction: 

1. Special Materials: Where special duct material other than galvanized steel is required, such duct material 
(e.g., fiberglass, stainless steel, plastic such as polyvinylchloride, etc.) shall be specifically indicated. 

2. Gauges: Gauges indicated in this section are for galvanized steel. Where greater or lesser gauges are 
specifically indicated for a sheet metal material other than galvanized steel, provide the indicated gauge. 
Comply with the SMACNA construction standard covering the required material if no gauge is given. 

3. Construction: Comply with indicated special requirements (i.e., such as welding, soldering, etc.)  where 
application requires. 

 
2.2 LOW PRESSURE SHEET METAL DUCTWORK 

 
A. Material: Prime quality forty-eight inch wide resquare tight coat galvanized steel conforming to the 

requirements of ASTM A-525 and/or A-527 as applicable to the intended use. 
 

B. Construction: 
1. Construct to comply with the pressure/velocity classification(s) indicated. 
2. Use rectangular or round as indicated on drawings. 
3. Reinforcing, Cross Breaking, Seams, Joints: Be in accord with latest SMACNA construction standard  for 

low pressure sheet metal duct. 
4. Gauge: As required by SMACNA for the dimensions and pressure/velocity classification involved. 

 
C. Insulation: 

1. Rectangular rigid sheet metal ductwork: shall be internally lined with acoustical thermal duct liner if  so 
designated. 

2. Round rigid sheet metal ductwork: Where low pressure round ductwork is designated to have internal 
acoustical/thermal liner, provide factory fabricated double wall ductwork as specified for high pressure 
round acoustically lined sound attenuating duct (i.e., factory fabricated double wall duct with perforated 
inner wall). 

 
2.3 ACOUSTICAL THERMAL DUCT LINER 

 
A. Line ductwork where indicated. Dimensions indicated are net inside dimensions. Liner shall be one inch thick, 

three pound density fiberglass duct liner with the surface in contact with moving air stream stabilized with 
black pigmented neoprene. Duct liner shall comply with requirements of NFPA 90A as to flame spread and 
smoke developed ratings. Duct liner shall be factory treated with antimicrobial/antibacterial treatment to 
prevent formation & growth of bacteria. 

 
B. Acceptable Manufacturers: Johns-Manville, Microtex; PPG Industries, Testrafine; or Certain-Teed/Saint 

Gobain, Coated Ultralite. 
 

C. Attachment: Attach to the interior of sheet metal ducts using a full coverage coat of Foster's 85-20 adhesive 
and mechanical fasteners applied as follows: 
1. Horizontal Ducts: Install mechanical fasteners on underside of the tops of ducts over twelve inches in 

width and on the insides of ducts over sixteen inches in height. 
2. Vertical Ducts: Install mechanical fasteners on all duct surfaces exceeding twelve inches. 
3. Fastener Spacing: Install fasteners within two inches of the leading edge of each duct section and within 

three inches of the leading edge of cross joints in insulation within any given duct section. Pins shall 
thereafter be spaced at not more than fifteen inches on centers. Pins shall be installed in strict 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                          DUCTWORK 23 31 00 - 4  

accordance with manufacturer's instructions. 
 

D. Edge Stabilization: All exposed edges and the leading edge of all cross joints of liner shall be coated with 
Foster's 30-36. 

 
2.4 HIGH PRESSURE DUCTWORK, ROUND AND FLAT-OVAL 

 
A. General: 

1. Comply with current SMACNA standards. 
2. Factory fabricated portions shall be made by United McGill, Semco or equal. 

 
B. Straight Conduit: Galvanized steel unless otherwise indicated for a specific application. 

1. Seam construction: Spiral lock-seam (SMACNA Type RL-1) allowed for all pressure/velocity 
classifications. Longitudinal grooved seam (SMACNA Type RL-5) allowed only up to pressure/velocity 
classification P/VC-3. 

 
C. Fittings: 

1. Material: Same as connecting duct system. 
2. Configuration: Standard design as manufactured by United McGill, Semco or equal. 
3. Elbows: 

a. General: All mitered elbows must be vaned. 
b. Round: 5-inch diameter and larger shall be five-section construction; less than 5-inches diameter 

shall be die-formed. 
c. Flat-oval: Five-section construction. 
d. Hard turn oval elbows shall have vanes as follows: 

Equivalent diameters Number of Vanes 
10" through 14" 3 
15" through 19" 4 
20" through 60" 5 
Over 60" 12" spacing 

 
4. Vanes: Be minimum 20 gauge and limited to 24 inches of unsupported length.  The leading edge of  all 

vanes in duct exceeding 20 inch size will be hemmed with a 1/2 inch fold back. 
5. Divided Flow Fittings: All divided flow configurations are to be furnished as separate fittings. Tap covers 

welded into spiral duct sections are not acceptable. All tees, crosses and laterals up to an including 12" 
diameter tap size, will have a minimum 3/8" radius rounded entrance into the tap, produced by machining, 
press forming, or hand grinding to a smooth entrance. The entrance will be free of projections, weld 
buildups, burrs or irregularities. All fittings will have continuous welds along all seams. 

6. Tees and Crosses: All tees and crosses shall be the spun conical type with branch entrances through 12" 
size, to be rounded laminar flow as noted above. 

7. Connections: Connections of conduit to fittings shall be made with a synthetic rubber sealing compound 
conforming to NFPA 90A as to flame spread and smoke developed ratings and mechanically fastened 
with drive or twist screws, and all joints tested in accordance with test procedure described hereinafter. 
Raychem TDB duct sealing bands may be used in lieu of the sealing compound. Connection between 
conduit and terminals shall be made with a maximum of 48" of flexible duct. Runout connections shall be 
assembled in same manner as conduit and fittings. 

 
D. Gauge: Minimum gauge as follows (gauges are for round and flat-oval duct with spiral lock-seam 

construction unless otherwise indicated): 
1. Round duct (galvanized steel): 

 
Diameter 
(Inches) 

 
Gauge 

Alternate 
Gauge(2) 

3 thru 8 26 24 
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9 thru 14 26 24 
15 thru 26 24 22 
27 thru 36 22 20 
37 thru 50 20 20 
51 thru 60 18 18 
61 thru 84 18(1) 16 

 
(1) Must be 16 ga. when static pressure is negative. 
(2) Alternate gauges are allowable for longitudinal grooved seam (SMACNA Seam Type RL-1) and only 

for pressure/velocity class up to P/VC-3. 
 

2. Flat-oval duct (galvanized steel): 
 

Major 
Dimension 
(Inches)  

 

Gauge 
0 thru 24 24 
25 thru 36 22 
37 thru 48 22 
49 thru 60 20 
61 thru 70 20 
71 and up 18 

 
E. Fittings: 

1. Round duct: Same as duct unless otherwise recommended by manufacturer. 
2. Flat-oval duct: 

 
Major 
Dimension 
(Inches) Gauge 
0 to 24 20 
25 to 36 20 
36 to 48 18 
49 to 60 18 
61 to 70 16 
71 and up 16 

 
F. Acoustically Lined Sound Attenuating Round and Flat Oval Duct and Fittings: General construction is 

specified in paragraphs above. Flame spread and smoke developed ratings shall comply with NFPA 90A. 
Double walled with zinc coated solid sheet steel outer wall and zinc coated perforated sheet steel inner wall. 
One inch thick annular space between inner and outer walls uniformly packed with fiberglass insulation with 
effective thermal conductivity of 0.27 BTUH per sq. ft. (Fo per inch) separated from air stream using mylar 
film. Equal to United Acousti-K27. 

 
2.5 HIGH PRESSURE DUCTWORK, RECTANGULAR 

 
A. General: 

1. Airtight and structurally stable at maximum system operating pressure. 
2. Any welding shall be continuous and corrosion resistant. 
3. Galvanized sheet steel unless otherwise indicated for a specific application. 
4. Reinforced and supported to neither cause nor convey any objectionable vibrations. 
5. Be in accordance with latest SMACNA construction standard for high pressure ductwork. 

 
B. Turning Vanes: Adequate rigidity and strength to be completely flutterproof. Airfoil, permanently fixed type 

constructed of galvanized steel of aluminum with sound attenuating fiberglass inner liner with open protective 
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metal facing. Quantity in each elbow in accordance with manufacturer's recommendations. Airsan Acoustiturn 
as made by Air Filter Corporation, 4554 W. Woolworth Ave., Milwaukee, Wisconsin 53218 or equal. 

 
2.6 HIGH PRESSURE DUCT RELIEF AND ACCESS DOORS 

 
A. Provide suitable size for access to heaters, dampers and other equipment installed in duct, and at other 

points indicated on drawings. Size shall be as listed by paragraph above and compatible with duct size  but 
not smaller than 8"x12". Doors shall be 24 US gauge galvanized steel hinged to a 24 gauge  galvanized 
mounting frame and for insulated duct shall be double panel construction with 1/2 inch rigid insulation material 
between metal panels. Doors shall be United Sheet Metal Type AR or an approved equal. 

 
2.7 LOW PRESSURE FLEXIBLE DUCTS 

 
A. General: 

1. The inclusion of flexible ducts in this specification shall not be construed as approval of use on the project 
unless specifically shown on the Drawings. 

2. Where used, provide in factory finished lengths not in excess of lengths required to make kink-free 
connections with minimum air pressure drop. 

 
B. Insulated flexible ducts: Flexible duct shall be factory-fabricated preinsulated type with seamless vapor 

barrier.  Duct shall bear UL 181 Class 1 Air Duct label and shall comply with NFPA 90A and 90B.  Fiberglass 
insulation nominal 1" thickness with thermal conductance of 0.23 BTU/hr-ft2-oF maximum at 75oF mean 
temperature. Flexible duct shall have an operating range of minus 0.5" w.g. to plus 2" w.g. Core shall be 
continuous and consist of aluminized mylar laminated to corrosion resistant steel wire helix. Vapor barrier 
perm rating shall be 0.17 maximum per ASTM E96-A. Maximum working velocity shall be 4000 FPM. Flexible 
duct shall be Genflex SLR-25, Clevaflex Type KQ, Wire Mold type WG, Flexmaster  Type 5B, or approved 
equal. 

 
C. Un-insulated flexible ducts, steel: Flexible ductwork shall be constructed of all metal one ply hot-dipped 

galvanized steel, closely corrugated for strength and flexibility, with seams interlocked, folded flat, and knurled 
to insure tightness. Duct shall be listed as #UL181 "Flexible Air Duct", Class 1, and NFPA 90A. Products shall 
be Flexmaster Type NI-TL, Clevaform Type GS or approved equal. 

D. Round branch take-off fittings for flexible duct: 
1. Round duct branch take-off fitting shall be made of galvanized sheet metal designed for twist-in 

installation and to assure minimum air loss at the take-off. The fittings shall be of the conical converging 
type to reduce the pressure drop through the fittings. Provide a raised bead on the throat of the fitting to 
assure a tight positive connection. Products shall be Flexmaster Model CB-DE-BO3 or approved equal. 

2. Provide each fitting with the following: 
a. Lockable quadrant damper. 
b. 45-degree extractor scoop. 
c. Insulation guard where used with internally lined ductwork. 

 
3. Provide these "spin-in" type fittings at all connections between rigid sheet metal duct and flexible duct at 

the upstream end of the flexible duct. 
 

2.8 HIGH PRESSURE FLEXIBLE DUCTS 
 

A. Meet all requirements for low pressure flexible ducts except be recommended by manufacturer for high 
pressure application. 

 
2.9 RIGID STAINLESS STEEL EXHAUST DUCTS 

 
A. Food Service Equipment Exhaust Ducts: Exhaust ducts which are intended to remove air laden with  grease 

vapor and/or water vapor from cooking ranges, fryers, ovens and similar cooking equipment shall be as 
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follows: 
1. Construct ductwork and vertical exhaust duct stackheads of stainless steel ANSI type 304, mill finish, 16 

gauge minimum. 
2. Exposed locations shall have No. 4 polished finish. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. All duct systems shall be free of noise, chatter, vibration and pulsation under all conditions of operation. 

Remove, replace or reinforce as directed by the Architect/Engineer if necessary to correct such conditions. 
 

B. If field conditions are determined to exist which would limit the guarantee of air delivery or system 
performance, due notice in writing shall be submitted to the Architect/Engineer of such conditions prior to 
starting fabrication. 

 
C. Properly support and align ductwork. Ducts to be free of sag and bulge. Hang ductwork below concrete floors 

or roof deck with hangers set prior to pouring concrete, or from self drilling screw anchors. GUN POWDER 
SET ANCHORS ARE NOT PERMITTED. 

 
D. Where it is necessary that ducts be divided due to pipes or other obstructions which must pass through these 

ducts, the Contractor shall, at locations as noted or directed, provide air-stream deflectors in the duct and the 
duct shall be increased in size to maintain equivalent area around deflectors. Such changes shall be in accord 
with standard SMACNA details and shall be shown on Contractor's As-Built Drawings. 

 
E. Interior of ductwork visible through registers, grilles, or diffusers shall be painted flat black. 

 
F. Do not route ductwork through transformer vaults and electrical equipment spaces and enclosures. 

 
G. Construct all ductwork and accessories in accord with the latest indicated editions of applicable SMACNA 

construction standards. Sheet Metal and Air Conditioning Contractors' National Association. 
 

H. Streamline all ductwork to the full extent practical and equip with proper and adequate devices to assure 
proper balance and quiet draftless distribution of indicated air quantities. 

 
I. Protect all ductwork and system accessories from damage during construction until Architect/Engineer's final 

acceptance of project. Contractor shall protect all duct interiors and openings from dirt and debris during 
installation, start up and testing. 

 
J. Prior to ductwork fabrication, verify if all ductwork as dimensioned and generally shown will satisfactorily fit 

allocated spaces. Take precautions to avoid space interferences with beams, columns, joists, pipes, lights, 
conduit, other ducts, equipment, etc. Notify Architect/Engineer if any spatial conflicts exist, and 
then obtain Architect/Engineer's approval of necessary routing. Make any such necessary revisions which are 
minor at no additional cost. 

 
K. Carefully correlate all duct connections to air handling units and fans to provide proper connections, elbows 

and bends which minimize noise and pressure drop. 
 

L. Provide all curved elbows with radius ratios of not less than 1.5 unless otherwise shown or approved by 
Architect/Engineer. Provide all mitered elbows with turning vanes. 

 
M. Properly suspend all ductwork so that no objectionable conditions result (such as vibration, sagging, etc.). 

 
N. Coordinate any and all dimensions at interfaces of dissimilar type of ductwork and at interfaces of ductwork 

with equipment so that proper overlaps, interfaces, etc., of insulation and continuity of vapor barriers are 
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maintained. 
 

O. If necessary where ducts interface and have different types of insulation, provide transitions so that internal 
free-clear dimensions of duct remain unchanged. 

 
P. Install horizontal low pressure ductwork at a level which maximizes length of any vertical, rectangular or round 

rigid duct connections to rectangular diffuser necks; however, such vertical duct connections are not required 
to be over 24 inches in length. 

 
Q. Make connections from any low pressure ductwork to terminal units (fan terminal units, variable volume 

boxes, etc.) with appropriate lengths of flexible duct unless other type of connection is indicated. 
 

R. Install all flexible round duct without kinks or similar obstructions so that pressure drop is minimized. Cut and 
remove excess lengths as necessary. 

 
S. Install horizontal rigid ductwork as high as practical above suspended ceilings so that movable light fixtures 

may be relocated without interference to meet any future partition relocation requirements. 
 

T. Insulated Duct: Where ducts will be insulated, make provision for neat insulation finish around damper 
operating quadrants, splitter adjusting clamps, access doors, and similar operating devices. A metal collar 
equivalent in depth to insulation thickness and of suitable size to which insulation may be finished shall be 
mounted on duct. 

 
3.2 LOW PRESSURE SHEET METAL DUCTS 

 
A. If width or height of rectangular duct exceeds 12 inches, cross break or roll a cross bead in panels to increase 

stiffness; otherwise, use two gages heavier steel. 
 

B. Provide corner closures. Longitudinal seams and transverse joints shall be flat and smooth inside. Make slip 
joints in direction of air flow. See governing SMACNA manual for transition requirements. 

 
C. Fabricate offsets, turns and elbows with centerline radius equal to 1-1/2 times diameter when possible.  No 

mitered offsets will be allowed. Provide double thickness turning vanes to assist in smooth flow of air  in 
square elbows or elbows with centerline radius less than duct width or diameter. 

 
3.3 HIGH PRESSURE DUCTWORK 

 
A. In addition to other requirements, this ductwork shall be as follows: 

1. Any welds shall be continuous and corrosion resistant. 
2. Reinforced and supported to cause and/or to convey no objectionable vibrations. 
3. All seams and joints permanently sealed and joined in strict accordance with the manufacturer's 

recommendations. 
 

B. Conical Tees: Make all branch duct take-offs and all connections to flexible duct supplying air to terminal units 
with conical tees. 

 
3.4 LOW PRESSURE FLEXIBLE DUCTS 

 
A. Flexible ducts shall not be used unless specifically indicated on drawings. 
B. If flexible duct is indicated for use on this project, it must comply with the following requirements. 

1. The extent of the use of flexible ductwork shall be limited to that shown on the drawings. 
2. Flexible duct installation shall be per SMACNA Flexible Duct Installation Standards, and manufacturers 

latest printed instructions, whichever is stricter. In addition the following shall apply: 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                          DUCTWORK 23 31 00 - 9  

a. Flexible duct between rigid duct and diffusers shall be a MAXIMUM of 8 feet in length and shall be 
fully extended with a maximum equivalent of (2) 90 degree bends (no bend shall be made with 
centerline radius of less than one duct diameter). No additional flexible duct shall be provided for 
future terminal device relocation unless otherwise specified. 

b. Flexible duct shall be supported at ends and at each 90 degree bend. Maximum permissible sag is 
1/2 inch per foot of spacing between supports. 

c. Hanger or saddle material in contact with the flexible duct shall be of sufficient width to prevent any 
restriction of the internal diameter of the duct when the weight of the supported section rests on the 
hanger or saddle material. In no case will the material contacting the flexible duct be less than 1 inch 
wide. Narrower hanger material may be used in conjunction with a sheet metal saddle which meets 
the foregoing specifications. This saddle must be formed to cover one-half the circumference of the 
outside diameter of the flexible duct and must be rolled to fit neatly around the lower half of the duct's 
outer circumference. 

d. Factory installed suspension systems integral to the flexible duct are an acceptable alternative 
hanging method when manufacturers recommended procedures are followed. 

e. Hangers shall be adequately attached to the building structure (not pipe, conduit, etc.). 
f. To prevent tearing of vapor barrier, do not support entire weight of flexible duct on any one hanger 

during installation. Avoid contact of flexible duct with sharp edges of hanger material. Damage to 
vapor barrier may be repaired with approved tape. If internal core is penetrated, replace flexible duct 
or treat as a connection. 

 
3. Terminal devices connected by flexible duct shall be supported independently of the flexible duct. 

 
3.5 HIGH PRESSURE FLEXIBLE DUCTS 

 
A. Meet all the requirements for low pressure flexible ducts. 

 
3.6 RIGID STAINLESS STEEL DUCT 

 
A. In addition to SMACNA recommendations and other requirements, rigid stainless steel duct systems shall 

comply with the following: 

1. All joints and seams shall be made with continuous welds. Ductwork shall be liquid tight and gas 
tight. 

2. Hangers and supports in finished areas shall be of same material as ductwork. 
3. Joints in laboratory hood exhaust duct may be flanged and gasketed at the Contractor's option. 
4. Food Service Equipment Exhaust Ductwork: 

a. Kitchen exhaust ductwork of stainless steel shall be installed in accordance with NFPA 96 Standard 
for removal of smoke and grease laden vapors from commercial cooking equipment. 

b. Install horizontal stainless steel kitchen exhaust ductwork with a minimum slope of 1-inch per 
foot. 

c. Provide access panels of suitable size at 3'-0" centers minimum and at each change of direction 
for cleaning purposes. 

d. Changes in Shape and Direction: Construct all changes in shape or direction in such a manner as to 
prevent the formation of any traps or pockets which might collect grease. 

e. Cleanout Openings: Provide an opening in each exhaust duct at each change in direction of duct 
for the purposes of inspection and cleaning. Openings shall be at the sides and large enough to 
permit cleaning. In horizontal sections the lower edge of the opening shall be not less than one and 
one-half inches from bottom of the duct. Covers shall be constructed of the same material and 
thickness as the duct and shall be grease tight when in place. 

f. Standards: Comply with latest SMACNA construction standard which covers this type of duct 
system. 

 
3.7 MISCELLANEOUS DUCT SYSTEM COMPONENTS 
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A. Spin-In  Take-Off  Fittings: Install around duct branch takeoff fittings according to manufacturer's installation 

instruction. Additionally seal fitting to rectangular duct with a thin bead of mastic sealant. 

3.8 HANGERS AND SUPPORTS 
 

A. General: Comply with latest applicable SMACNA construction standard. Where sprayed fireproofing occurs, 
install hangers before application of such treatment and withhold installation of ducts until after application. 

 
B. Supports: Vertical risers and other duct runs where the method of support specified above is not applicable 

shall be supported by substantial angle brackets designed to meet field conditions and installed to allow for 
duct expansion. 

 
C. Fasteners: Secure hangers to steel beams or metal deck with beam clamps or drop through connections from 

the metal or concrete deck. 
 

3.9 CHANGES IN SHAPE OR DIMENSION 
 

A. Where duct size or shape is changed to effect a change in area, the following shall apply: 
1. Where the area at the end of the transformation results in an increase in area over that at the beginning, 

the slope of the transformation shall not exceed one inch in seven inches. 
2. Where the area at the end of the transformation results in a decrease in area from that at the beginning, 

the slope of the transformation may be one inch in four inches, but one inch in seven inches is preferable, 
space permitting. 

3. The angle of transformation at connections to heating coils or other equipment shall not exceed thirty 
degrees from a line parallel to the air flow on the entering side of the equipment, nor fifteen degrees on 
the leaving side. The angle of approach may be increased to suit limited space conditions when the 
transformation is provided with vanes approved by the Architect/Engineer. 

 
3.10 CHANGES IN DIRECTION 

 
A. Changes in direction shall be basically as indicated on the drawings and the following shall apply: 

1. Supply duct turns of ninety degrees in low pressure duct shall be made with mitered elbows fitted with 
closely spaced turning vanes designed for maintaining a constant velocity through the elbow. 

2. Return and exhaust duct turns of ninety degrees in low pressure duct shall be made with mitered elbows, 
as specified hereinbefore for supply ducts, unless radius elbows are indicated in which case they shall be 
constructed with a turning radius one and one-half (1-1/2) times the width (with width considered as the 
dimension in the plane of the turn) as measured to the duct centerline. 

3. Tees in low pressure duct shall conform to the design requirements specified hereinbefore for elbows. 
4. Branch take-offs in low pressure supply duct shall be made with extractors or splitter dampers, as 

indicated, in square take-offs. 
5. In high pressure duct, branch take-offs and connections to flexible duct supplying air to terminal units 

shall be made with conical taps. 
 

3.11 IMPROPER MATERIALS OR CONFIGURATION 
 

A. If ductwork materials or ductwork configurations are installed which do not meet these specifications, 
Contractor shall remove such ductwork and replace with materials or configurations which are acceptable. 
Any delay in job progress will be the responsibility of the Contractor. 

 
3.12 OTHER REQUIREMENTS 

 
A. Insulated Duct: Where ducts will be insulated, make provision for neat insulation finish around damper 

operating quadrants, splitter adjusting clamps, access doors, and similar operating devices. A metal collar 
equivalent in depth to insulation thickness and of suitable size to which insulation may be finished shall be 
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mounted on duct. 
 

B. Control Devices: Properly install all control related devices which are part of the duct systems. See Section(s) 
describing control systems. 

 
3.13 SEALING OF DUCTS 

 
A. Duct seal classes are as follows: 

1. Seal class "A": Seal all transverse joints, longitudinal seams and duct wall penetrations. Use for P/VC-4 
(4" w.g.) and greater unless otherwise indicated. 

2. Seal class "B": Seal all transverse joints and longitudinal seams. Use for P/VC-3 (3" w.g.) unless 
otherwise indicated. 

3. Seal class "C": Seal all transverse joints. Use for P/VC-2 (2" w.g.) and lower unless otherwise 
indicated. 

 
B. Where sealing is required it shall mean the following: 

1. The use of adhesives, gaskets, tape systems or combinations thereof to close openings in the surface of 
the ductwork and field-erected plenums and casings through which air leakage would occur; or 

2. The use of continuous welds; 
3. The prudent selection and application of sealing methods by fabricators and installers, giving due 

consideration to the designated pressure class, pressure mode (positive or negative), chemical 
compatibility of the closure system, potential movement of mating parts, workmanship, amount and type 
of handling; cleanliness of surfaces, product shelf life, curing time and manufacturer-identified exposure 
limitations; 

4. That these provisions are applicable to duct connections to equipment and to apparatus but are not for 
equipment and apparatus; 

5. That where distinctions between seams and joints are made herein, a seam is defined as joining of two 
longitudinally (in the direction of air-flow) oriented edges of duct surface material occurring between two 
joints. Helical (spiral) lock seams are exempt from sealant requirements. All other duct surface 
connections made on the perimeter are deemed to be joints. Joints are inclusive of but not limited to girth 
joints; branch and sub-branch intersections; so-called duct collar tap-ins; fitting subsections; louver and 
air terminal connections to ducts; access door and access panel frames and jambs; duct, plenum and 
casing abutments to building structures; that sealing requirements herein do not contain provisions to: 
a. Resist chemical attack. 
b. Be dielectrically isolated. 
c. Be waterproof, weatherproof or ultraviolet ray resistant. 
d. Withstand temperatures higher than 120oF or lower than 40oF. 
e. Contain atomic radiation or serve in other safety-related construction. 
f. Be electrically grounded. 
g. Maintain leakage integrity at pressures in excess of the duct classification herein. 
h. Be underground below the water table. 
i. Be submerged in liquid. 
j. Withstand continuous vibration visible to the naked eye. 
k. Be totally leak-free within an encapsulating vapor barrier. 
l. Create closure in portions of the building structure used as ducts, e.g., ceiling plenums, shafts, 

pressurized compartments. 
 

6. The requirements to seal apply to both positive pressure and negative pressure of operation. 
7. Externally insulated ducts located outside of buildings shall be sealed prior to being insulated as though 

they were inside. If metal surfaces of ducts located on the exterior of buildings are exposed to weather, 
they shall receive exterior duct sealant. An exterior duct sealant is defined as a sealant that is marketed 
specifically as forming a positive air and water tight seal, bonding well to the metal involved, remaining 
flexible with metal movement and having a service temperature range of -30oF to 175oF. If exposed to 
direct sunlight it shall also be ultraviolet ray and ozone resistant or shall, after curing, be painted with a 
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compatible coating that provides such resistance. The term sealant herein is not limited to materials of 
adhesive or mastic nature but is inclusive of tapes and combinations of open weave fabric strips and 
mastics. 

 
C. Materials and applications for sealing ducts: 

1. General: 
a. Complete product data on all materials used for sealing ducts must be submitted for approval prior to 

any duct fabrication. 
b. All sealants must be specifically recommended by their manufacturer for the purpose of sealing ducts. 

 
2. Liquid Sealant: 

a. Use only for slip type joints where sealant is to fill small space between overlapping pieces of metal. 
Do not use where metal clearances exceed 1/32-inch. 

b. Sealant must be specifically manufactured for the purpose of sealing ducts. 
 

3. Mastics: 
a. Use in lieu of liquid sealant at Contractor's option. 
b. Use as a fillet, in grooves and between flanges. 
c. Do not use oil base caulking or glazing compounds. 
d. Low VOC duct sealant mastic shall be used. 

4. Gaskets: 
a. Use soft elastomer butyl or neoprene rubber or extruded forms of sealants in flanged joints in addition 

to mastic. 
 

5. Tape: 
a. Tape is not allowed on sheet metal ducts. 

 
6. Combination of mastic and embedded fabric: 

a. Use mastic/mesh/mastic as a sealant where pressure/velocity classification equals and exceeds 
P/VC-3 and where any spaces between metal surfaces at transverse joints or longitudinal seams or 
duct wall penetrations exceeds 1/16-inch. 

b. Apply glove coat of mastic, then embed a continuous or overlapping strip of not less than 4-inch wide 
10 x 10 fiberglass cloth into the mastic, then apply a final glove coat of mastic over the glass cloth. 

 
7. Surface preparation: 

a. Surfaces to receive sealant should be adequately clean (free from oil, dust, dirt, rust, moisture, ice 
crystals and other substances that inhibit or prevent bonding). Use solvent and/or apply a face primer 
if necessary to obtain adequately clean surface for adhesion. 

 
3.14 LEAKAGE TESTING 

 
A. General: 

1. Test the following duct systems: 
a. All high/medium pressure supply ducts which convey 1000-cfm or greater through their largest 

portion. 
b. All high/medium pressure supply ducts which are equal to or greater than 25 feet in length. 

 
2. Portions of duct to be tested shall consist of all portions from the largest cross sectional area to the air 

distribution device connection or to the smallest inlet or outlet point, whichever is applicable. 
3. Duct systems shall be constructed so that leakage does not exceed 5.00% of the air quantity handled by 

the respective fan. 
 

B. Allowable Leakage: 
1. Leakage shall be measured during leakage test at a test pressure which is equal to the pressure/velocity 

classification of the duct system (e.g., a P/VC-2 duct shall be tested at 2.0 in. w.g.s.p., a P/VC-1/2 duct at 
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0.5 in. w.g.s.p., etc.). 
 

C. Test Procedure: 
1. Test at time of duct installation and prior to installation of any field applied insulation and prior to any 

concealment in chases or similar enclosures. 
2. Duct openings (both entry openings and outlet openings) shall be capped or sealed by taping or banding 

a flexible plastic sheet over each opening prior to pressurizing duct. The plastic sheet shall be of 
adequate strength and thickness to withstand the test pressures. Use other method of sealing duct 
openings providing objective of test is obtained and if method of sealing is approved by 
Architect/Engineer. 

3. Use a fan having a minimum capacity of 300-cfm or 5% of the particular duct system design capacity, 
whichever is greater and which is capable of producing a duct test pressure of 150% of the duct test 
pressure. 

4. Test fan shall be connected to a flow measuring assembly consisting of straightening vanes and an orifice 
plate mounted in a straight tube with appropriately located pressure taps. Orifice assembly shall be 
accurately calibrated with its own calibration curve. Pressures shall be measured with U-tube 
manometers and corresponding flow rates obtained from the orifice performance curve. 

5. Connect test fan and orifice flow measuring assembly to the duct to be tested with a section of flexible 
duct. 

6. Test for audible leaks as follows: 
a. Close off and seal all openings in the duct section to be tested. Connect the test apparatus to the duct 

by means of a section of flexible duct. 
b. Start the blower with its control damper closed (some small blowers popularly used for testing ducts 

may damage the duct because they can develop pressures up to 25 inches (W.G.). 
c. Gradually open the inlet damper until the duct pressure reaches 50% in excess of designed duct 

operating pressure. 
d. Survey all joints for audible leaks. Mark each leak and repair after shutting down blower. Do not apply 

a retest until sealing has been repaired if and where necessary. 
7. After all audible leaks have been sealed, the leakage should be measured with the orifice section of the 

test apparatus as follows: 
a. Start blower and open damper until pressure in duct reaches 25% in excess of designed duct 

operating pressure. 
b. Total allowable leakage shall not exceed five (5) percent of the total system design air flow rate. 

When partial sections (such as supply section, return section, etc.) of the duct system are tested, the 
summation of the leakage for all sections shall not exceed the total allowable leakage. 

 
8. Correct any duct leaks which are detected either audibly or by touch regardless of whether leakage 

through duct system is less than allowable test leakage. 
 

3.15 DEFINITIONS OF DUCT TYPES 
 

A. Refer to the "Duct Type and Location Schedule" on the Drawings for: 
1. The type of ductwork and where it is to be installed. 
2. The pressure/velocity class at each location. 
3. Indication of whether the ductwork is to be insulated externally or internally lined or not insulated. 

 

END OF SECTION 23 31 00 
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SECTION 23 33 00 - DUCT SYSTEM ACCESSORIES 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide all necessary duct system accessories to assure proper balance, quiet and draftless distribution and 

conveyance, and minimization of turbulence, noise and pressure drop for all supply return, exhaust and 
ventilation air quantities indicated. 

 
B. Items Included: This section generally includes, but is not limited to, the following items as may be applicable 

to this project: 
1. Flexible duct connections. 
2. Splitters. 
3. Turning vanes. 
4. Manual volume dampers. 
5. Access doors. 
6. Fire Dampers. 
7. Smoke Dampers. 
8. Fire/Smoke Dampers. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 23 and to all other applicable portions of the Drawings and Specifications. 
 

B. This section directly relates in particular to sections (which may or may not be included in this division) which 
describe the following: 
1. Ductwork. 
2. Air distribution devices. 
3. All types of air handling equipment. 

 
1.4 COORDINATION 

 
A. Coordinate all items affecting the duct systems including but not limited to the following items: air handling 

units, exhaust fans, supply fans, sound attenuators, duct mounted coils, access panels air distribution 
devices, fire dampers, outside air louvers, hoods, filters, roof curbs, structural framing, roof construction, 
roofing, and the work of all trades to insure an orderly and timely progression of the work. 

 
1.5 SHOP DRAWINGS 

 
A. Include complete data on: access doors; flexible connectors; manual volume dampers including operating 

hardware; turning vanes; automatic shutters and all other items. 
 

B. See section entitled, "General Mechanical Provisions". 
 
1.6 OTHER REQUIREMENTS 

 
A. Provide all components in accordance with manufacturer's recommendations. 
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B. All ductwork dimensions indicated which may affect items of this section are nominal free clearance internal 

dimensions which do not include insulation thickness. 
 
1.7 DEFINITIONS 

 
A. "SMACNA" means "Sheet Metal and Air Conditioning Contractors National Association, Inc.". 

PART 2 - PRODUCTS 
 
2.1 GENERAL 

 
A. Be recommended by the manufacturer for the application. 

 
B. Products listed in this Section or on the plans are based on a specific manufacturer to establish the desired 

style, quality and type. Equivalent products, complying with the requirements of this Section and the 
installation requirements of the plans, by the following manufacturers are acceptable: 
1. Ventfabrics 
2. Barber-Colman 
3. Tuttle & Bailey 
4. Dura-Dyne 
5. Airsan 
6. Titus 
7. Anemostat 
8. Young 
9. Metalaire 
10. United McGill 

 
C. Products which are specified may not necessarily all be required on the projects; provide those products 

which are applicable. 
 
2.2 FLEXIBLE DUCT CONNECTIONS 

 
A. Provided where air handlers, fans and blowers connect to their ductwork. 

 
B. At least 4 inches long. 

 
C. Connected on each side to metal (either metal ductwork, air handling apparatus, or heavy gauge steel 

sleeves). 
 

D. For use in high and/or low pressure duct systems. 
 

E. Ventfabrics, Inc., "Ventglas Metaledge", or equivalent. 
 
2.3 SPLITTERS 

 
A. Provide for adjustment of air volume to their respective branches, where indicated. Constructed of at  least 

the same gauge galvanized steel as the duct wherein they are used, and in no instance be less than twenty-
two (22) US gauge. Use in low pressure duct systems only. Be adequately sized to close off air to applicable 
branches. Rigidly attached to pivot rod and operating linkage. Install on raised insulated base when used in 
internally insulated ductwork. Splitter blades; formed in two thicknesses of metal so that entering edge 
presents rounded nose to air flow; length no less than one and one half times the width of the smaller branch 
served or twelve inches, whichever is larger. Hardware used for the construction, assembly, and operation of 
splitter dampers shall be as follows: 
1. Operators for exposed splitters and those located above "lay-in" or accessible ceiling shall be Ventlok 
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#690 splitter damper assembly. 
2. Operators for concealed splitters shall be Ventlok #691 with #680 miter and #677 concealed regulator. 

 
2.4 LOW PRESSURE METAL TURNING VANES 

 
A. Provide in all elbows, bends and tees of all low velocity supply air ducts whether or not shown in detail; 

provide in all elbows, bends and tees of all other low velocity ducts where portions of such ducts convey air at 
greater than 700 fpm average velocity. Adequate rigidity and strength to be completely flutterproof; properly 
designed; permanently fixed type. Aluminum, or steel with acid/solvent chemical corrosion resistant coating, 
or galvanized steel. Air foil type in all mitered elbows, mitered bends and tees. Air foil type must be 
manufactured by Titus, Tuttle & Bailey, Anemostat, Waterloo, Metalaire, Barber-Colman or other approved 
manufacturer. Be Barber-Colman "Airturns", Tuttle and Bailey "Ducturns", or Dura-Dyne "VR" with 24 gauge 
rails and hollow vanes, or equivalent. 

2.5 HIGH PRESSURE TURNING VANES 
 

A. None required for this project. 
 
2.6 MANUAL VOLUME DAMPERS 

 
A. These dampers are to be other than those specified as being integral with each register, diffuser and other air 

outlet or inlet. 
 

B. Provided where indicated in the complete air distribution system(s) (including ductwork, return air plenums, 
etc.) to allow complete balancing of the air supply, return, ventilation and exhaust system(s). 

 
C. Opposed blade type. 

 
D. 8" maximum blade width. 

 
E. Made of galvanized steel, steel with acid/solvent chemical resistant coating, or steel with a sprayed or dipped 

aluminum rust resistant finish; flutterproof. 
 

F. Provided so that all damper adjustment can be made from outside the completed ductwork without necessity 
for puncturing or otherwise penetrating the ductwork and/or its vapor barrier. 

 
G. Fully adjustable and with locking device. 

 
H. Manufactured by Titus, Tuttle & Bailey, Anemostat, Waterloo, Metalaire, Greenheck or equivalent. 

 
I. Provided at a point in the ductwork which is a sufficient distance upstream from an outlet (or downstream from 

an inlet) to attenuate objectionable noise due to damper throttling and to preclude adverse effects on the 
distribution device. 

 
J. Based upon location of the duct in which the damper is to be installed, provide the following types: 

1. Dampers  in  ducts  which  are  exposed  or  located  above  "lay-in"  or "accessible ceilings":
 Youn
g Regulator Company Model 817 or equivalent. 

2. Dampers in ducts concealed above plaster ceilings or behind dry wall construction: Young Regulator 
Company Model 817A or equivalent. 

 
K. Use in low pressure duct system only. 

 
2.7 LOW PRESSURE DUCT ACCESS DOORS 

 
A. Provided for: each manual and motorized damper; fire damper; smoke damper; electric duct heater; and 
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where access is otherwise necessary. 
 

B. Factory prefabricated double wall insulated type of 24 US gauge galvanized steel (of same or thicker gauge 
than ductwork panel in which installed, whichever is greater). 

 
C. Minimum size shall be as large as is compatible with duct size but in no case less than the following (provide 

larger sizes if necessary to permit proper access operation): 

Max. Duct Dimensions Access Door 

Size 11" and less 10" x 12" 
12" through 16" 12" x 16" 
17" and over 16" x 24" 

 
D. Doors shall be provided with and operated adjustable tension catches and shall be completely gasketed 

around their perimeters. Doors shall be Ventlok "Access Doors". Install in accordance with manufacturers 
recommendations using Ventlok #360 sealant or equivalent. 

 
2.8 TEST OPENINGS 

 
A. Furnish and install gasketed capped test openings for test equipment (pitot tubes, etc.) on the entering and 

leaving sides of air handling unit and other air handling equipment and heating coils. Test openings shall be 
Ventlok #699-2 or equivalent. 

2.9 PREFABRICATED DUCT CONNECTIONS 
 

A. At Contractor's option, prefabricated duct connections as manufactured by Ductmate (or approved equal 
system) may be used in locations and applications for which the duct connection system is recommended. 
Use of these connections must meet or exceed specified duct construction quality as related to structural 
rigidity, pressure, accessibility and other such requirements. 

 
2.10 FIRE DAMPERS 

 
A. Rating: 1-1/2 hours (UL approved for installation in 2 hour walls). 

 
B. Construction: Minimum 24 gauge galvanized steel frame suitable for connection to ductwork without 

transition, minimum 24 gauge galvanized steel curtain type blades located out of the airstream, thickness 
coordinated with wall construction. Where an active smoke control system exists (refer to Section 230993) the 
damper shall be capable of closing in an airstream moving at a minimum of 2000 feet per minute and 
operating at 4" w.g. pressure (dynamic damper). 

 
C. Sleeves: UL listed minimum gauge galvanized steel with welded construction corners. Rollformed sleeves will 

not be acceptable unless contractor guarantees in writing to seal voids in sleeve with UL approved sealer to 
limit air leakage. Length of sleeve shall be coordinated with the wall or floor. 

 
D. Operation: Stainless steel constant force closure spring. 

 
E. Link Setting: 160°F or 165°F. 

 
F. Based on Ruskin Manufacturing Co. IBD2 Style B. (Static Systems). 

 
G. Based on Ruskin Manufacturing Co., DIBD2 Style B. (Active smoke control systems only). 

 
2.11 SMOKE DAMPERS 

 
A. Low and Medium Pressure Ductwork: 
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1. UL labeled under UL 555S low leakage rated, no more than 10 CFM/SF @ 1" w.g. (UL Class II) after 
exposure to 1000°F for 1 hour (non-degradable). Classified for both horizontal and vertical mounting. 

2. Construction: 
a. Frame 16 galvanized steel. 
b. Damper Blades: 14 gauge true airfoil design constructed of galvanized steel of low leakage non- heat 

degradable design with friction free silicone rubber edge type for a smoke seal to 450°F incorporated 
into blade and frame shapes. Blade shall be suitable for installation in systems with a maximum 
velocity of 4,000 FPM and 8” w.g. pressure at closure. 

 
3. Damper operation by means of an electric actuator 120V AC, 24V AC or signal from smoke detector 

alarm circuit. Electric motor actuator to be UL listed with damper assembly for power open, spring closed 
operation with a maximum travel time of 15 seconds. Motor furnished with all connecting linkage and 
mounting hardware. 

4. Damper and actuator shall be provided with a 60 month warranty. 
5. Based on Ruskin Manufacturing Co., SD60-II. 

 
2.12 SMOKE/FIRE DAMPERS 

 
A. Low and Medium Pressure Ductwork: 

1. UL labeled under the following standards: 
a. UL 555 - 1-1/2 hr. fire endurance. 
b. UL 555S - Low leakage rated, no more than 10 CFM/SF @ 1" w.g. (UL Class II) after exposure to 

1000°F for 1 hour (non-degradable). 
c. Classified for both horizontal and vertical mounting. 

 
2. Construction: Single damper designed and rated for combination smoke/fire duty. 

a. Frame: 16 ga. galvanized steel. 
b. Damper Blades: 14 gauge true airfoil design constructed of galvanized steel of low leakage non- heat 

degradable design with friction free inflatable silicone coated fiberglass material to maintain smoke 
leakage rating to a minimum of 450°F and galvanized steel for flame seal to 1900°F. Blade shall be 
suitable for installation in systems with a maximum velocity of 2,000 FPM and 4” w.g. pressure at 
closure. 

c. Duct sleeve provided by others. 
 

3. Operation: 
a. Smoke/fire damper operation by means of an integral resettable and re-useable UL listed electric- 

ambient temperature link, UL listed releasing device and mechanical lock assembly. Link activated by 
either electric, 120V AC or 24V AC signal from smoke detector alarm circuit or 350°F duct ambient 
temperature. Damper shall be capable of being reopened by remote signal when the duct 
temperature drops to 150°F. Electric motor actuator shall be UL listed with the damper assembly for 
power open/spring closed operation. Motor actuator shall be factory furnished with all connecting 
linkage and mounting hardware and shall be factory tested for proper operation. 

b. Damper and actuator shall be provided with a 60 month warranty. 
 

4. Based on Ruskin Manufacturing, Co., FSD60-2. 
 
2.13 BACKDRAFT DAMPERS 

 
A. Low Pressure Ductwork: 

1. Rating: Up to 1" wg positive or negative. 
2. Frame: Minimum 16 gauge (.064") galvanized steel or extruded aluminum. 
3. Blades: Minimum 16 gauge (.064") galvanized steel or extruded aluminum parallel blade action, brass 

bearing, non-ferrous or de-iron pivot pins, gasketed blades. 
4. Accessories: Counter balance and weights suitable for assisting or retarding as indicated on the 

drawings. 
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5. Based on Ruskin Manufacturing, Co. CBD4. 
 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Construct and install all accessories in accordance with the latest indicated editions of applicable SMACNA 

construction standards. 
 

B. Provide all mitered elbows with turning vanes. 
 

C. Install all duct system accessories in accordance with manufacturer’s recommendations. 
 

D. All accessories installed in poly-vinyl-steel ductwork shall have acid/solvent chemical corrosion resistant 
coating. 

 
E. All manual damper arms shall be tagged with fluorescent colored strip. 

 
3.2 FIRE DAMPERS 

 
A. Fire dampers shall be provided where indicated. 

 
B. Review the architectural drawings to determine the wall construction rating so as to provide the proper rated 

damper. 
 

C. All fire dampers shall be mounted within a UL approved thickness galvanized steel sleeve permanently affixed 
to the wall by means of perimeter retaining angles. 

 
D. The fire damper shall be permanently attached to the sleeve. All voids around the sleeve and damper and 

sleeve and wall shall be properly sealed with fire barrier material, refer to division 07. 
 

E. Ductwork shall be attached to the fire damper by means of a UL approved break away connection. 
 

F. Access doors or access sections shall be provided at all fire damper locations. 
 

3.3 SMOKE DAMPERS 
 

A. Provided where indicated. See combination smoke/fire damper for assemblies in fire rated barriers. 
 

B. Review the architectural drawings to determine the wall construction rating so as to provide the proper rated 
damper. 

C. Provide access doors or access sections at all damper locations. 
 

D. Coordinate the provision of the smoke damper actuator with the automatic temperature control and fire alarm 
system and ensure adequate space for the mounting of the actuator during installation of the damper and 
ductwork. 

 
3.4 SMOKE/FIRE DAMPER 

 
A. Provided where indicated. All smoke dampers in fire rated barriers to be combination type. 

 
B. Review the architectural drawings to determine the wall construction rating so as to provide the proper rated 

damper. 
 

C. All smoke/fire dampers shall be mounted within a UL approved thickness galvanized steel sleeve permanently 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                DUCT SYSTEM ACCESSORIES 23 33 00 - 7  

affixed to the wall by means of perimeter retaining angles. 
 

D. The smoke/fire damper shall be permanently attached to the sleeve. All voids around the sleeve and damper 
and sleeve and wall shall be properly sealed with fire barrier material, refer to division 07. 

 
E. Ductwork shall be attached to the smoke/fire damper by means of a UL approved break away connection. 

 
F. Access doors or access sections shall be provided at all smoke/fire damper locations. 

 
G. Coordinate the provision of the smoke damper actuator with the Building Control System and assure 

adequate space for the mounting of the actuator during installation of the smoke/fire damper and ductwork. 
 

3.5 BACKDRAFT DAMPER 
 

A. Securely attach backdraft damper to wall with a suitable sleeve and retaining angles and seal all voids 
between damper and wall. 

 
B. Adjust damper to open or close under the design conditions. 

 

END OF SECTION 23 33 00 
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SECTION 23 34 25 - FANS: IN-LINE CENTRIFUGAL, LIGHT DUTY 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Provide in-line centrifugal light duty exhaust fans of size, sound power level, and electrical characteristics 

indicated on drawings. 
 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 

Division 23 and to all other applicable portions of the Drawings and Specifications. 
 
1.4 SHOP DRAWINGS 

 
A. Refer to requirements of Section entitled "General Mechanical Provisions". Include complete data on: fan 

external static pressure, fan rpm, motor rpm, fan tip speed, fan size, fan performance tables or curves 
showing all possible operating selection points for each fan size (including rating certification), fan brake 
horsepower, motor horsepower and electrical characteristics sound level, fan accessories, and a complete 
schedule worked up by fan number. 

 
B. Fans shall be AMCA certified as to both sound and performance ratings. 

 
1.5 MANUFACTURER 

 
A. Products listed in this Section or on the plans are based on a specific manufacturer to establish the desired 

style, quality and type. Equivalent products, complying with the requirements of this Section and the 
installation requirements of the plans, by the following manufacturers are acceptable: 

1. Acme Engineering and Manufacturing Company 
2. Greenheck Fan and Ventilator Corp. 
3. Ilg Industries, Inc. 
4. Powerline, Inc. 
5. Penn Ventilator Company 
6. Loren Cook Company 
7. Jenn Air 
8. Carnes 
9. Captive Aire 

 
PART 2 - PRODUCTS 

 
2.1 FAN HOUSING 

 
A. Fan housing including longitudinal, traverse, and diagonal stiffeners, motor mounts, bearing and drive 

supports shall be constructed of steel. Entire fan housing shall be internally lined with 1/2-inch or greater, 
three pound per cubic foot density fiberglass acoustical duct liner with a stabilized surface. Liner shall be 
held in place with adhesive and mechanical fasteners. All insulation and adhesives shall meet requirements 
of NFPA 90A as to flame spread and smoke developed ratings. Housing, including all bracing, stiffeners and 
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motor mounting assembly shall be factory finished with a baked on alkyd enamel finish over a corrosion 
resistant primer. Removable panel in bottom of housing for complete access to motor and fan. Inlet and 
outlet duct connections. 

 
2.2 FAN WHEEL 

 
A. Shall be centrifugal type and shall be statically and dynamically balanced. 

 
2.3 FAN MOTOR 

 
A. Permanently lubricated shaded pole motor mounted on resilient isolators to minimize vibration and noise. 

 
B. Energy Efficiency: Comply with ASHRAE 90.1, Premium efficient. 

 
2.4 BACKDRAFT DAMPER 

 
A. Mounted in throat of fan discharge. 

 
2.5 DRIVE ASSEMBLY 

 
A. Drive shall be direct drive type as indicated on drawings, and shall conform with the requirements of Section 

entitled "General Mechanical Provisions". 
 
2.6 DISCONNECT SWITCH 

 
A. Fans shall include factory mounted disconnect switches prewired to the drive motor. 

 
2.7 SPEED CONTROL 

 
A. Solid state speed controller for speed reduction to 40%. Mounted on housing or as otherwise indicated. 

 
PART 3 - EXECUTION 

 
3.1 FAN PLACEMENT AND MOUNTING 

 
A. Fan locations shall be essentially as shown on drawings; however, actual wall openings and fan placement 

shall be verified using field measurements and data relating to equipment approved for actual installation on 
this project. Mount fan in strict accordance with manufacturer's instructions. 

 
3.2 SOUND AND VIBRATION CONTROL 

 
A. Refer to Section entitled "Ductwork" for air side sound control and to Section entitled "Vibration Isolation" for 

vibration control. 
 
3.3 DUCT CONNECTIONS 

 
A. Inlet and discharge ducts shall be connected to the fan duct collars using flexible connectors. These 

connectors shall be installed properly so that they are not in tension and are aligned with their respective 
ducts. 

 
3.4 TEST AND BALANCE 

 
A. All fan performance shall be certified as specified in section describing test and balance procedures. 
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3.5 OTHER REQUIREMENTS 
 

A. Remove shipping bolts and temporary supports within fans. Adjust dampers for free operation. 
 

B. Provide necessary anchorage and supports to prevent vibration. 
 

END OF SECTION 23 34 25 
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SECTION 23 34 29 - FANS: CENTRIFUGAL, CEILING MOUNTED 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 01 Specification Sections, apply to this Section. 
 
1.2 SCOPE 

 
A. Provide ceiling mounted light duty centrifugal fans with characteristics indicated. 

 
1.3 SHOP DRAWINGS 

 
A. Refer to requirements of Section entitled "General Mechanical Provisions". 

 
1.4 CERTIFIED PERFORMANCE 

 
A. Be AMCA certified as to both sound and performance ratings. 

 
1.5 MANUFACTURER 

 
A. Design Basis: Basis of design is similar to Greenheck CSP Series or as scheduled on drawings. 

 
B. Acceptable Manufacturers: Greenheck Fan and Ventilator Corporation; Ilg Industries, Inc.; Powerline,  Inc.; 

Power Ventilator Company, Loren Cook Company; Acme Engineering and Manufacturing Corporation; Penn 
Ventilator Company, Captive Aire or equal. 

 
PART 2 - PRODUCTS 

 
2.1 FAN HOUSING 

 
A. Fan housing including longitudinal, traverse, and diagonal stiffeners, motor mounts, bearing and drive 

supports shall be constructed of steel. Entire fan housing shall be internally lined with ½-inch thick or greater, 
three pound per cubic foot density fiberglass acoustical duct liner with a stabilized surface. Liner shall be held 
in place with adhesive and mechanical fasteners. All insulation and adhesives shall meet requirements of 
NFPA 90A as to flame spread and smoke developed ratings. Housing, including all bracing, stiffeners and 
motor mounted assembly shall be factory finished with a baked on alkyd enamel finish over a corrosion 
resistant primer. Removable panel in bottom of housing for complete access to motor and fan. 

 
2.2 CEILING INLET GRILLE 

 
A. Steel or aluminum: Baked enamel finish. 

 
2.3 FAN WHEEL 

 
A. Shall be centrifugal type and shall be statically and dynamically balanced. Single or twin impeller as 

necessary to provide indicated performance. 
 
2.4 FAN MOTOR 

 
A. Permanently lubricated shaded pole motor mounted on resilient isolators to minimize vibration and noise. 

 
2.5 BACK DAMPER 
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A. Mounted in throat of fan discharge. 

2.6 DRIVE ASSEMBLY 
 

A. Drive shall be direct drive type as indicated on drawings, and shall conform with the requirements of Section 
entitled "General Mechanical Provisions". 

 
2.7 DISCONNECT SWITCH 

 
A. Fans shall include factory mounted disconnect switches prewired to the drive motor. 

 
2.8 SPEED CONTROL 

 
A. Solid state speed controller for speed reduction to 40% Mounted on housing or as otherwise indicated. 

 
PART 3 - EXECUTION 

 
3.1 PLACEMENT AND MOUNTING 

 
A. Fan locations shall be essentially as shown on drawings; however, actual fan placement shall be verified 

using field measurements and data relating to equipment approved for actual installation on this project. 
Mount fan in strict accordance with manufacturer's instructions. 

 
3.2 TEST AND BALANCE 

 
A. All fan performance shall be certified by test and balance procedures as specified in section describing test 

and balance procedures. 
 

END OF SECTION 23 34 29 
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SECTION 23 36 16 - TERMINAL UNITS: VAV, SINGLE INLET, ELECTRIC COIL 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Shutoff, single-duct air terminal units. 
 
1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
B. Shop Drawings: For air terminal units. Include plans, elevations, sections, details, and attachments to 

other work. 
 
1.4 INFORMATIONAL SUBMITTALS 

 
A. Field quality-control reports. 

 
1.5 CLOSEOUT SUBMITTALS 

 
A. Operation and maintenance data. 

 
1.6 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
 

B. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and 
Section 7 - "Construction and System Start-Up." 

 
1.7 NOISE CRITERIA 

 
A. Unless otherwise indicated on drawings, the following noise criteria comprise the basis upon which the 

selected terminal units must be rated in order to comply with the design limits for allowable NC levels: 
1. All sound power level decibels are referenced to 10 to the minus 12 watts. 
2. Room outlet NC sound pressure levels specified for these TUs are based on 10db room absorption. 
3. Room radiated NC sound pressure levels specified for these TUs are based on 10db room absorption 

plus 13 NC ceiling sound transmission loss. 
4. The maximum allowable NC level in any occupied space (unless otherwise indicated) shall not exceed 

NC35 as a result of radiated or discharge noise from any terminal unit. 
5. NC levels which are generated by the terminal units on which noise criteria will be judged are those NC 

levels generated when the terminal unit is operating with an inlet static pressure of 1.0-inch w.g. 
 
PART 2 - PRODUCTS 

 
2.1 PERFORMANCE REQUIREMENTS 
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A. Structural Performance: Hangers and supports shall withstand the effects of gravity loads and stresses 
within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible". 

2.2 SHUTOFF, SINGLE-DUCT AIR TERMINAL UNITS 
 

A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or 
comparable product by one of the following: 

1. York/JCI 
2. METALAIRE, Inc. 
3. Nailor Industries Inc. 
4. Price Industries. 
5. Titus. 

 
B. Configuration: Volume-damper assembly inside unit casing with control components inside a protective 

metal shroud. 
 

C. Casing: 0.034-inch steel, single wall. 
1. Casing Lining: Adhesive attached, 1-inch- thick, polyurethane foam insulation complying with UL 181 

erosion requirements, and having a maximum flame-spread index of 25 and a maximum smoke- 
developed index of 50, for both insulation and adhesive, when tested according to ASTM E 84. 

2. Air Inlet: Round stub connection or S-slip and drive connections for duct attachment. 
3. Air Outlet: S-slip and drive connections, size matching inlet size. 
4. Access: Removable panels for access to parts requiring service, adjustment, or maintenance; with 

airtight gasket. 
 

D. Volume Damper: Galvanized steel with peripheral gasket and self-lubricating bearings. 
1. Maximum Damper Leakage: ARI 880 rated, 2 percent of nominal airflow at 3-inch wg inlet static 

pressure. 
2. Damper Position: Normally open. 

 
E. Electric-Resistance Heating Coils: Nickel-chromium heating wire, free of expansion noise and hum, mounted in 

ceramic inserts in a galvanized steel housing; with primary automatic and secondary manual, reset thermal 
cutouts. Terminate elements in stainless-steel, machine-staked terminals secured with stainless- steel 
hardware. 
1. Access door interlocked disconnect switch. 
2. Downstream air temperature sensor with local connection to override discharge-air temperature to not 

exceed a maximum temperature set point (adjustable.) 
3. Nickel chrome 80/20 heating elements. 
4. Airflow switch for proof of airflow. 
5. Fuses in terminal box for overcurrent protection. 
6. Mercury contactors. 
7. Magnetic contactor for each step of control (for three-phase coils). 

 
F. Direct Digital Controls: Bidirectional damper operators and microprocessor-based controller and room 

sensor. Control devices shall be compatible with temperature controls specified in Section 230923 "Direct 
Digital Control System" and shall have the following features: 
1. Damper Actuator: 24 V, powered closed, powered open. 
2. Terminal Unit Controller: Pressure-independent, variable-air-volume controller with electronic airflow 

transducer with multipoint velocity sensor at air inlet, factory calibrated to minimum and maximum air 
volumes, and having the following features: 
a. Occupied and unoccupied operating mode, as indicated on plans. 
b. Remote reset of airflow or temperature set points. 
c. Adjusting and monitoring with portable terminal. 
d. Communication with temperature-control system specified in Section 230923 "Direct Digital 

http://www.specagent.com/LookUp/?ulid=4655&amp;mf=04&amp;mf=95&amp;src=wd&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807304&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807304&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807305&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807305&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807307&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807307&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807308&amp;mf=04&amp;src=wd
http://www.specagent.com/LookUp/?uid=123456807308&amp;mf=04&amp;src=wd


St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                   VAV SINGLE INLET ELECTRIC COIL TERMINAL UNITS 23 36 16 - 3  

Control System." 
 

3. Room Sensor: Wall mounted, with temperature set-point adjustment and access for connection of 
portable operator terminal. 

 
2.3 HANGERS AND SUPPORTS 

 
A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts. 

 
B. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods with threads 

painted with zinc-chromate primer after installation. 

C. Steel Cables: Galvanized steel complying with ASTM A 603. 
 

D. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed 
for duct hanger service; with an automatic-locking and clamping device. 

 
E. Air Terminal Unit Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with 

duct materials. 
 

F. Trapeze and Riser Supports: Steel shapes and plates for units with steel casings; aluminum for units with 
aluminum casings. 

 
2.4 SOURCE QUALITY CONTROL 

 
A. Factory Tests: Test assembled air terminal units according to ARI 880. 

1. Label each air terminal unit with plan number, nominal airflow, maximum and minimum factory-set 
airflows, coil type, and ARI certification seal. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air Conditioning and 

Ventilating Systems." 
 

B. Install air terminal units level and plumb. Maintain sufficient clearance for normal service and maintenance. 
 
3.2 HANGER AND SUPPORT INSTALLATION 

 
A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and 

Supports." 
 

B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for 
construction materials to which hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes and for slabs less 

than 4 inches thick. 
3. Do not use powder-actuated concrete fasteners for seismic restraints. 

 
C. Hangers Exposed to View: Threaded rod and angle or channel supports. 

 
D. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear 

capacities appropriate for supported loads and building materials where used. 
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3.3 CONNECTIONS 

 
A. Install piping adjacent to air terminal unit to allow service and maintenance. 

 
B. Make connections to air terminal units with flexible connectors. 

 
3.4 IDENTIFICATION 

 
A. Label each air terminal unit with plan number, nominal airflow, and maximum and minimum factory-set 

airflows. 
 
3.5 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections. 

 
B. Tests and Inspections: 

1. After installing air terminal units and after electrical circuitry has been energized, test for compliance with 
requirements. 

2. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor 
rotation and unit operation. 

3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment. 
 

C. Air terminal unit will be considered defective if it does not pass tests and inspections. 
 

D. Prepare test and inspection reports. 
 
3.6 STARTUP SERVICE 

 
A. Perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 
2. Verify that inlet duct connections are as recommended by air terminal unit manufacturer to achieve 

proper performance. 
3. Verify that controls and control enclosure are accessible. 
4. Verify that control connections are complete. 
5. Verify that nameplate and identification tag are visible. 
6. Verify that controls respond to inputs as specified. 

 
3.7 DEMONSTRATION 

 
A. Train Owner's maintenance personnel to adjust, operate, and maintain air terminal units. 

 
 
END OF SECTION 23 36 16 
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SECTION 23 37 13 - AIR DISTRIBUTION DEVICES 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
01 Specification sections, apply to work of this section. 

 
1.2 SCOPE 

 
A. Provide all air distribution devices as indicated on the drawings and as specified herein for a complete and 

operable system. 
 

1.3 RELATION TO OTHER WORK 
 

A. Refer to the section, "General Mechanical Provisions", for related requirements. Refer to other sections of 
Division 23 and to all other applicable portions of the Drawings and Specifications. 

 
B. Coordinate with work of the ceiling, drywall and plastering trades as required to insure an orderly progression 

of work and a first class finished system with respect to placement, alignment, finish, general fit and absence 
of conflict with lighting systems and fire protection systems. 

 
Insulate air distribution devices to prevent condensation formation. 

 
1.4 DESIGN CONDITIONS 

 
A. Acoustical: Noise produced at each diffuser, register, grille or other air distribution device shall not  exceed a 

noise criteria level of NC 25 based on sound pressure levels in db re 0.002 microbars unless otherwise 
indicated. Coordinate air distribution devices, sound attenuation measures and equipment actually provided to 
insure that this design constraint is not exceeded by the system installed. 

 
Exceptions: Any particular rooms or areas which are normally occupied 
by other than maintenance staff or service staff and which may be noted 
on the drawings as requiring lower NC criteria. 

 
B. Pressure Drop: Pressure drop across any air distribution device shall not exceed 0.15 in wg static pressure 

unless otherwise indicated. 
 

1.5 SHOP DRAWINGS 
 

A. Refer to the requirements of Section entitled "General Mechanical Provisions". 
 

1.6 MANUFACTURER 
 

A. Products listed in this Section or on the plans are based on a specific manufacturer to establish the desired 
style, quality and type. Equivalent products, complying with the requirements of this Section and the 
installation requirements of the plans, by the following manufacturers are acceptable: 
1. Titus 
2. Metalaire 
3. Price 
4. Krueger 
5. Carnes 
6. Nailor 
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B. Manufacturers must be members of the Air Distribution Council unless otherwise indicated. 

 
1.7 OTHER REQUIREMENTS 

 
A. All aluminum is to be extruded unless otherwise indicated. 
B. Appearance: Each air distribution device which has a portion thereof (frame, core, etc.) exposed to view  in 

the finished area shall have a factory applied finish which matches and is compatible with the color of the 
surrounding surface on which the device is installed. Colors must be approved by Architect prior to device 
fabrication. 

 
C. All louvers, dampers and/or shutters shall be rated by their manufacturer in accord with AMCA Standard 500-

74. 
 

D. Integral Components: All dampers, blank-off baffles and other companion devices which form an integral part 
of air distribution device shall be factory made items produced by the manufacturer of air distribution device. 

 
E. Louvers: Louvers may be specified in another division but for reference may also be indicated on mechanical 

drawings. 
 

F. Door Grilles: Door grilles may be specified in another division but for reference may also be indicated on 
mechanical drawings. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. Provide the following air distribution devices as applicable to this project. Refer to air distribution device 

schedule as shown on drawings. 
 

2.2 OTHER REQUIREMENTS 
 

A. All devices must each comply with the applicable portions of the Air Diffusion Council (ADC) Equipment Test 
Code 1062R4 "Certification, Rating and Test Manual", the Air Movement and Control Association, Inc. 
(AMCA) Standard 500 "Test Method for Louvers, Dampers and Shutters" and the "National Fire Protection 
Association" (NFPA) Standard 90A "Installation of Air Conditioning and Ventilating Systems". 

 
B. Provide ceiling and/or linear diffusers with border styles that are compatible with adjacent ceiling systems, 

and that are specifically manufactured to fit into ceiling module with accurate fit and adequate support. Refer 
to general construction drawings and specifications for types of ceiling systems which will contain each type 
of diffuser. 

 
C. Diffusers, grilles and registers installed in fire rated ceiling, or floor/ceiling assemblies shall be constructed of 

steel. 
 

D. Mounting Screws: Where grilles, diffusers or registers are specified which require mounting screws visible 
from the face of the device these screws shall be furnished with the air distribution equipment and be finished 
at the factory to match the finish on the grille, diffuser or register in which they are to be used. 

 
E. All diffusers, grilles and registers shall be aluminum construction. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 
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A. Install neatly where indicated in accord with manufacturer's recommendations and in accord with SMACNA 
recommendations and as otherwise indicated. 

 
B. Properly test, balance and adjust to produce quiet, draftless operation to best degree possible. 

 
3.2 INSTALLATION 

 
A. Rectangular Diffusers: Where diffusers are the lay-in type, they shall be supported by the inverted T-bar 

suspension system but all ducts connected thereto shall be supported independently of the ceiling as 
specified under Section entitled "Ductwork". Surface mounted diffusers shall be supported by the duct runouts 
or drops where sheet metal ducts are indicated and by separate hangers where flex runouts are indicated. All 
rectangular ceiling diffusers shall be installed with their lines parallel and perpendicular to the building line and 
properly aligned with the ceiling. 

B. Sidewall Grilles and Registers: Mount securely to the duct system flanges using finish screws and in 
accordance with accepted good practice. 

 
C. Ceiling mounted Exhaust and Return Registers/Grilles: Mount as specified hereinbefore for surface mounted 

ceiling diffusers except use finished screws provided and secure to duct and finished ceiling (or finished 
ceiling for nonducted returns) in accordance with the manufacturer's instructions. Where required to provide 
adequate support for nonducted registers or grilles, provide appropriate mounting frame for incorporation into 
the ceiling system. 

 
D. Install all outlets and inlets as recommended by the manufacturer; in accordance with recognized industry 

practices; to insure that products serve intended functions. 
 

E. Locate ceiling air outlets and inlets as indicated on the drawings. Unless otherwise indicated, locate units in 
center of acoustical ceiling modules. Install square and parallel with partitions, ceiling grid members, etc. 

 
F. Spare Parts: Furnish to Owner, with receipt, 3 operating keys for each type of outlet and inlet that require 

them. 
 

G. Do not install blank-offs under continuous linear diffuser distribution plenums. Distribution plenums shall cover 
only active portion of the diffuser. 

 
3.3 PROTECTION OF WORK UNTIL FINAL ACCEPTANCE 

 
A. Coordinate the installation of the air distribution equipment with related work and finishing of adjacent 

surfaces to prevent damage to the devices or adjacent finishes. Protect the finish of all air distribution 
equipment until final acceptance. Replace or repair to the Architect's satisfaction any damaged equipment. 

 

END OF SECTION 23 37 13 
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SECTION 23 37 25 - LOUVERS 
 

PART 1 – GENERAL 
 
1.1 SCOPE 
 
 A. Provide complete louver assemblies as indicated on Drawings and in Specifications. 
 
1.2 SHOP DRAWINGS 
 
 A. Refer to the section entitled "General Mechanical Provisions". 
 
1.3 CERTIFICATION 
 
 A. All performance shall be certified by AMCA and bear the AMCA Certified Ratings Seal for Air   
  Performance and Water Penetration in accord with AMCA Standard 500. 
 
PART 2 - PRODUCTS 
 
2.1 GENERAL REQUIREMENTS 
 
 A. Stationary type; extruded aluminum construction. 
 
 B. All components factory assembled by the louver manufacturer including heads, jambs, sills, blades  
  and mullions. Louver sizes too large for shipping shall be assembled at the site from factory   
  assembled louver sections to provide the overall sizes required. 
 
 C. Frame: 
  1. 4” depth. 
  2. Suitable for mounting in the type of wall where indicated. Coordinate with wall construction  
   indicated on architectural drawings. 
  3. Extruded aluminum of 0.100” minimum thickness. 
  4. Provided with caulking slots. 
 
 D. Blades: 
  1. Drainable type with drain gutter in each blade and downspouts in jambs and mullions. 
  2. Extruded aluminum of 0.081” minimum thickness. 
  3. Approximately 37-1/2° blade angle. 
  4. Blades on approximately 3” centers. 
 
 E. Finish: 
  1. Two coat fluoropolymer.  Color to be selected by Architect. 
 
 F. Operating characteristics: 
  1. High free area. 
  2. Low water penetration. 
  3. Free area based on air velocity of not greater than 500 fpm. 
  4. Air flow pressure drop in intake mode or exhaust mode of not greater than 0.025” w.g.s.p. 
 
 G. Design: Limit span between visible mullions to 10-feet and shall incorporate such other structural 
  supports required to withstand a wind load of 50 lbs. per sq. ft. 
 
 H. Size: As scheduled or shown on Drawings or as required to comply with the above operating 
  characteristic constraints. 
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 I. Louvers shall be AMCA 550 & AMCA 540 certified. 
 
2.2 ALUMINUM FINISHES 
 
 A. Finish louvers after assembly. 
 
 B. High-Performance Organic Finish: Two-coat fluoropolymer finish complying with AAMA 2605 and 
  containing not less than 70% PVDF resin by weight in color coat. Prepare, pretreat, and apply 
  coating to exposed metal surfaces to comply with coating and resin manufacturers' written   
  instructions. 
  1. Color and Gloss: Match Architect’s sample. 
 
2.3 ACCESSORIES 
 
 A. Bird screen: Aluminum, ¾” mesh, typical for all louvers. 
 
 B. Insect screen: Aluminum, 18-16 mesh, where indicated on drawings. 
 
 C. Frame: Flange, 1-1/2” nominal width for louvers of sizes 24" wide X 12" high and smaller; non-  
 flanged, suitable for cased opening mounting for louvers of sizes greater than 24" wide x 12" high. 
 
2.4 ACCEPTABLE MANUFACTURERS 
 
 A. Basis of Design: Greenheck EVH – 501D. Acceptable: equivalent products of American Warming & 
  Ventilating; Carnes; Greenheck; Krueger; Ruskin; Louvers & Dampers, Inc., Metal Industries; or   
 approved equal. 
 
PART 3 - EXECUTION 
 
3.1 GENERAL 
 
 A. Install in accord with manufacturer's recommendations and in accord with applicable portions of   
 current SMACNA guidelines. 
 
 B. Installation shall be watertight between complete circumference of frame and wall. 
 
 C. Coordinate complete installation with other work related to structure, wall construction, ductwork (if  
  any) and other such interfaces. 
 
 D. For additional requirements, refer to Architectural drawings and other portions of the Contract   
  Documents. 

 
 
END OF SECTION 23 37 25 
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SECTION 23 43 24 - AIR PURIFICATION SYSTEM 
 

PART 1 - GENERAL 
 

1.1 DESCRIPTION OF WORK 
 

A. This section describes the design, performance and installation of an air purification system intended for use as 
part of another manufacturer’s air handling unit or mounted on the duct as shown on the plans, details and 
equipment schedules. 

 
1.2 REFERENCED CODES AND STANDARDS 

 
A. The following codes and standards are referenced throughout. The edition to be used is that currently enforced 

by the authority having jurisdiction (AHJ) or in absence of such direction that referenced by the current 
enforceable IBC code or as indicated by the contract documents, except where specifically referenced by this 
section of the specifications. 
1. ASHRAE Standards 62 & 52 
2. National Electric Code NFPA 
70 3. UL 867 

 
1.3 RELATED WORK 

 
A. Testing, Adjusting and Balancing 

 
B. Facility Access and Protection 

 
C. Ductwork 

 
D. Filters 

 
E. Water and Refrigerant Piping 

 
F. Electrical Wiring 

 
G. Control Wiring 

 
1.4 QUALITY ASSURANCE 

 
A. The Air Purification System shall be a product of an established manufacturer within the USA. 

 
B. A qualified representative from the manufacturer shall be available to inspect the installation of the air 

purification system to ensure installation in accordance with manufacturer's recommendation. 
 

C. Technologies that do not address gas disassociation such as UV Lights, Powered Particulate Filters and/or 
polarized media filters shall not be considered. Uni-polar ion generators shall not be acceptable. “Plasma” 
particulate filters shall not be acceptable. 

 
D. Projects designed using ASHRAE Standard 62, IAQ Procedure shall require the manufacturer to provide Indoor 

Air Quality calculations using the formulas within ASHRAE Standard 62.1-2007 to validate acceptable indoor air 
quality at the quantity of outside air scheduled with the technology submitted. The  manufacturer shall provide 
independent test data on a previous installation in a similar application, that proves compliance to ASHRAE 
62 and the accuracy of the calculations. 
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1.5 SUBMITTALS 
 

A. Product Data: Submit manufacturer's technical product data for ion generators including: 
1. Schedule of plasma generators indicating unit designation, number of each type required for each 

unit/application. 
2. Data sheet for each type of plasma generator, and accessory furnished; indicating construction, sizes, and 

mounting details. 
3. Performance data for each type of plasma device furnished. 
4. Indoor Air Quality calculations using the formulas within ASHRAE Standard 62.1-2007 to validate acceptable 

indoor air quality at the quantity of outside air scheduled (when projects are designed with outside air 
reduction). 

5. Product drawings detailing all physical, electrical and control requirements. 
 

B. Operating & Maintenance Data: Submit O&M data and recommended spare parts lists. 
 

1.6 PRODUCT DELIVERY, STORAGE AND HANDLING 
 

A. Deliver in factory fabricated shipping containers. Identify on outside of container type of product and location to 
be installed. Avoid crushing or bending. 

 
B. Store in original cartons and protect from weather and construction work traffic. 

 
C. Store indoors and in accordance with the manufacturers’ recommendation for storage. 

 
1.7 WARRANTY 

 
A. Equipment shall be warranted by the manufacturer against defects in material and workmanship. This guarantee 

shall be by the Contractor to the Owner to replace for the Owner any defective workmanship, equipment, or 
material which has been furnished under this Contract at no cost to the Owner for a period of one year from the 
date of acceptance of the System at Substantial Completion. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL 

 
A. The air purification system(s) shall be of the size, type, arrangement and capacity indicated and required by 

the unit furnished and shall be of the manufacturers specified. 
 

B. Acceptable Manufacturers: Plasma Air, Global Plasma Solutions. 
 

C. All other Suppliers of comparable products requesting prior approval shall: 
1. Submit for prior approval in accordance with the requirements of Section 230100. 
2. In addition, manufacturers submitting for prior approval for Bi-Polar Ionization must as part of the prior 

approval request provide their ASHRAE 62.1-2007 calculations that prove conformance to the ASHRAE 
Standard with the reduction of outside air to the scheduled values. A letter on the manufacturer’s letterhead 
requesting prior approval must accompany the request for prior approval stating their calculations are 
ASHRAE compliant. A third party validation study performed on a previous installation of the same 
application shall also be included. 

 
2.2 BI-POLAR IONIZATION DESIGN AND PERFORMANCE CRITERIA 

 
A. Each piece of air handling equipment, so designated on the plans, details, equipment schedules and/or 

specifications shall contain a Plasma Generator with Bi-polar Ionization output as described here within. 
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B. The Bi-polar Ionization system shall be capable of: 
1. Effectively killing microorganisms downstream of the bi-polar ionization equipment (mold, bacteria, virus, 

etc.). 
2. Controlling gas phase contaminants generated from human occupants, building structure, furnishings and 

outside air contaminants. 
3. Capable of reducing static space charges. 
4. Effectively reducing space particle counts. 

 
C. The bi-polar ionization system shall operate in a manner such that equal amounts of positive and negative 

ions are produced. Uni-polar ion devices shall not be acceptable. 
1. Air exchange rates may vary through the full operating range of a constant volume or VAV system. The 

quantity of air exchange shall not be increased due to requirements of the air purification system. Velocity 
Profile: The air purification device shall not have maximum velocity profile. 

 
D. Humidity: Plasma Generators shall not require preheat protection when the relative humidity of the entering air 

exceeds 85%. Relative humidity from 0 - 100%, condensing, shall not cause damage, deterioration or dangerous 
conditions within the air purification system. 

E. Equipment Requirements: 
1. Electrode Specifications (Bi-polar Ionization): 

a. Each Plasma Generator with Bi-polar Ionization output shall include the required number of electrodes 
and power generators sized to the air handling equipment capacity. Bi-polar ionization tubes 
manufactured of glass and steel mesh shall not be acceptable due to replacement requirements, 
maintenance, performance output reduction over time, ozone production and corrosion. 

b. Electrodes shall be energized when the main unit disconnect is turned on and the fan is operating. 
c. Manufacture shall demonstrate that no voltage potential exists due to exposed  electrical components. 

 
F. Air Handler Mounted Units: 

1. Where so indicated on the plans and/or schedules Plasma Generator(s) shall be supplied and installed. The 
mechanical contractor shall mount the Plasma Generator and associated power supplies. All interconnecting 
wiring shall be UL and NEC NFPA 70 approved. Electrical contractor shall provide a [<120Volt>, <230 Volt>] 
circuit to the ion generators. 

 
G. Ionization Requirements: 

1. Plasma Generators with Bi-polar ionization output shall be capable of controlling gas phase contaminants 
and shall be provided for all equipment listed above. 
a. The Bi-polar ionization system shall consist of Bi-Polar Plasma Generator and power supply. The Bi- 

polar system shall be installed where indicated on the plans or specified to be installed. The device shall 
be capable of being powered by 110VAC to 208VAC to 240VAC without the use of an external 
transformer. Ionization systems requiring isolation transformers shall not be acceptable. 

b. Ionization Output: The ionization output shall be controlled such that an equal number of positive and 
negative ions are produced. Imbalanced levels shall not be acceptable. 

c. Ionization output from each electrode shall be a minimum of 15 million ions/cc when tested at 2” from 
the ionization generator. 

 
2. Ozone Generation: 

a. The operation of the electrodes or Bi-polar ionization units shall conform to UL 867-2007 with respect to 
ozone generation. 

 
H. Electrical Requirements: 

1. Wiring, conduit and junction boxes shall be installed within housing plenums in accordance with NEC 
NFPA 70. Plasma Generator shall accept an electrical service of 115 VAC to 240VAC, 1 phase, 50/60 Hz. 

 
I. Control Requirements: 

1. All Plasma Generators shall have internal short circuit protection, overload protection, and automatic fault 
reset. 
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2. The installing contractor shall mount and wire the Plasma device within the air handling unit specified or as 
shown or the plans. The contractor shall follow all manufacturer IOM instructions during installation. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. The Contractor shall be responsible for maintaining all air systems until the owner accepts the building 

(Owner Acceptance). 
 

3.2 ASSEMBLY AND ERECTION: PLASMA GENERATOR WITH BI-POLAR IONIZATION 
 

A. All equipment shall be assembled and installed in a workman like manner to the satisfaction of the owner, 
architect, and engineer. 

 
B. Any material damaged by handling, water or moisture shall be replaced, by the mechanical contractor, at no cost 

to the owner. 
 

C. All equipment shall be protected from dust and damage on a daily basis throughout construction. 
 

3.3 TESTING 
 

A. Provide the manufacturers recommended electrical tests. 
3.4 COMMISSIONING AND TRAINING 

 
A. A manufacturer's authorized representative shall provide start-up supervision and training of owner's personnel in 

the proper operation and maintenance of all equipment. 
 

END OF SECTION 23 43 24 
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SECTION 23 73 13 - AIR HANDLING UNITS, CENTRAL STATION, MODULAR 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-

01 Specification sections, apply to work of this section. 
 
1.2 SCOPE 

 
A. Furnish and install modular central station air handling units of the types, sizes, and capacities indicated. 

 
1.3 RELATION TO OTHER WORK 

 
A. Refer to the section "General Mechanical Provisions" for related requirements. Refer to other sections of 

Division 23 and to all other applicable portions of the drawings and specifications. 
 
1.4 REGULATORY REQUIREMENTS 

 
A. Agency Listings/Certifications: 

1. Unit shall be manufactured to conform to UL 1995 and shall be listed by either UL/CUL or ETL. Units shall 
be provided with listing agency label affixed to the unit. In the event the unit is not UL/CUL or ETL 
approved, the contractor shall, at his/her expense, provide for a field inspection by a UL/CUL or ETL 
representative to verify conformance. If necessary, contractor shall perform modifications to the unit to 
comply with UL/CUL or ETL as directed by the representative, at no additional expense to the owner. 

2. Certify air handling units in accordance with AHRI Standard 430. Units shall be provided with certification 
label affixed to the unit. If air handling units are not certified in accordance with AHRI Standard 430, 
contractor shall be responsible for expenses associated with testing of units after installation to verify 
performance of fan(s). Any costs incurred to adjust fans to meet scheduled capacities shall be the sole 
responsibility of the contractor. 

3. Certify air handling coils in accordance with AHRI Standard 410. Units shall be provided with certification 
label affixed to the unit. If air handling coils are not certified in accordance with AHRI Standard 410, 
contractor shall be responsible for expenses associated with testing of coils after installation to verify 
performance of coil(s). Any costs incurred to adjust coils to meet scheduled capacities shall be the sole 
responsibility of the contractor. 

4. Certify airflow monitoring stations are tested for differential pressure in accordance with AMCA 611 in an 
AMCA registered laboratory and comply with the requirements of the AMCA Certified Ratings Program. 
Airflow monitoring station shall be licensed to bear the AMCA Seal. 

 
1.5 QUALITY ASSURANCE 

 
A. Air Coils: Certify capacities, pressure drops and selection procedures in accordance with current AHRI 

Standard 410. 
 

B. Air handling units with fan sections utilizing single fans shall be rated and certified in accordance with AHRI 
Standard 430. 

 
C. Air handling units with fan sections utilizing multiple fans shall be rated in accordance with AHRI Standard 

430 for airflow, static pressure, and fan speed performance. 
 

D. Airflow monitoring station: Certify airflow measurement station performance in accordance with AMCA 611. 
 

E. ISO 9001 Certification. 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00               AIR HANDLING UNITS, CENTRAL STATION, MODULAR 23 73 13 - 11   

 
1.6 SUBMITTALS 

 
A. No equipment shall be fabricated or delivered until the receipt of approved shop drawings from the Owner or 

Owner’s approved representative. 
B. AHU manufacturer shall provide the following information with each shop drawing/product data submission: 

1. Dimensioned arrangement drawings for each AHU including a plan and elevation view of the assembled 
unit with overall dimensions, lift points, unit shipping split locations and dimensions, installation and 
operating weights, and installation, operation and service clearances. 

2. All electrical, piping, and ductwork requirements, including sizes, connection locations, and connection 
method recommendations. 

3. Each component of the unit shall be identified and mechanical specifications shall be provided for unit 
and accessories describing construction, components, and options. 

4. All performance data, including capacities and airside and waterside pressure drops, for components. 
5. Fan curves shall be provided for fans with the design operating points indicated. Data shall be corrected 

to actual operating conditions, temperatures, and altitudes. 
6. For units with multiple fans, a fan curve shall be provided showing the performance of the entire bank of 

fans at design conditions. In addition, a fan curve shall be provided showing the performance of each 
individual fan in the bank of fans at design conditions. Finally, a fan curve shall be provide showing the 
performance of the bank of fans when one fan is down. The percent redundancy of the bank of fans with 
one fan down shall be noted on the fan curve or in the tabulated fan data. 

7. A filter schedule must be provided for each air handling unit supplied by the air handling unit 
manufacturer. Schedule shall detail unit tag, unit size, corresponding filter section location within the AHU, 
filter arrangement (e.g. angled/flat), filter depth, filter type (e.g. pleated media), MERV rating, and filter 
quantity and size. 

8. A schedule detailing necessary trap height shall be provided for each air handling unit. Schedule shall 
detail unit tag, unit size, appropriate trap schematic with recommended trap dimensions, and unit supplied 
base rail height. Contractor shall be responsible for additional trap height required for trapping and 
insulation beyond the unit supplied base rail height by adequate housekeeping pad. 

9. A coil valve coordination schedule shall be provided for each air handling unit supplied by the air handling 
unit manufacturer. Schedule shall detail unit tag, coil type and corresponding section  location within the 
AHU, valve style (e.g. global, ball), valve type (e.g. electronic 2-way/3-way), valve position (e.g. normally 
open/closed), size, flow coefficient (CV), and close-off pressure. 

10. An electrical MCA – MOP schedule shall be provided for each electrical circuit to which field-power must 
be supplied. Schedule to detail unit tag, circuit description, voltage/phase/hertz, Minimum  Circuit 
Ampacity (MCA), and calculated Maximum Overcurrent Protection (MOP). 

11. Sound data shall be provided using AHRI 260 test methods. Unit discharge, inlet, and radiated sound 
power levels in dB shall be provided for 63, 125, 250, 500, 1000, 2000, 4000, and 8000 Hz. 

 
C. The AHU manufacturer shall provide appropriate sets of submittals as referenced in the General Conditions 

and shall submit to the Owner electronic copies of the IOM. 
 

D. The AHU manufacturer shall list any exceptions to the specification. 
 
1.7 DELIVERY, STORAGE AND HANDLING 

 
A. Comply with manufacturer's installation instructions for rigging, unloading, and transporting units. 

 
B. Units shall ship fully assembled up to practical shipping and rigging limitations. Units not shipped fully 

assembled shall have tags and airflow arrows on each section to indicate location and orientation in direction 
of airflow. Shipping splits shall be clearly defined on submittal drawings. Cost associated with non-
conformance to shop drawings shall be the responsibility of the manufacturer. Each section shall have lifting 
lugs for field rigging and final placement of AHU sections. Indoor AHUs less than 100 inches wide shall allow 
for forklift transport for maneuverability on jobsite. 
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C. Deliver units to jobsite with fan motor(s), sheave(s), and belt(s) completely assembled and mounted in units. 
 

D. Indoor air handling units shall be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in- transit 
rain and debris per ASHRAE 62.1 recommendations. See Section 2.26 for outdoor air handling unit 
requirements. 

 
E. Installing contractor shall be responsible for storing AHU in a clean, dry place and protect from weather and 

construction traffic. Handle carefully to avoid damage to components, enclosures, and finish. 
1.8 START-UP AND OPERATING REQUIREMENTS 

 
A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters in place, 

bearings lubricated (if applicable), condensate properly trapped, piping connections verified and leak- tested, 
belts aligned and tensioned, all shipping braces removed, bearing set screws torqued, and fan has been test 
run under observation. 

 
1.9 WARRANTY 

 
A. AHU manufacturer shall provide, at no additional cost, a standard parts warranty that covers a period of one 

year from equipment startup or 6 months from shipment, whichever comes first. This warrants that all 
products are free from defects in material and workmanship and shall meet the capacities and ratings set 
forth in the equipment manufacturer's catalog and bulletins. 

 
PART 2 - PRODUCT 

 
2.1 MANUFACTURER 

 
A. Manufacturer must clearly define any exceptions made to Plans and Specifications. Any deviations in layout 

or arrangement shall be submitted to consulting engineer prior to bid date. Acceptance of deviation(s) from 
specifications shall be in the form of written approval from the consulting engineer. Mechanical Contractor is 
responsible for expenses that occur due to exceptions made. 

 
B. Approved Manufacturers: 

1. York 
2. Temtrol 

 
2.2 GENERAL 

 
A. Unit layout and configuration shall be as defined in project plans and schedule. 

 
B. Unit manufacturer to provide an integral base frame to support all sections of unit and raise unit for proper 

trapping. Contractor will be responsible for providing a housekeeping pad when indoor air handling unit base 
frame is not of sufficient height to properly trap unit. Unit base frames shall be constructed of galvanized steel. 

 
C. Entire indoor air handling unit shall have a minimum 6-inch full perimeter base rail for structural rigidity and 

condensate trapping. 
 
2.3 UNIT CASING 

 
A. Unit manufacturer shall ship separate segments so unit can be broken down for ease of installation in tight 

spaces. The entire air handler shall be constructed of galvanized steel. Indoor air handling unit casing finish 
to meet ASTM B117 250-hour salt-spray test. See Section 2.26 for outdoor air handling unit requirements. 
The removal of access panels or access doors shall not affect the structural integrity of the unit. All removable 
panels shall be gasketed. All doors shall have gasketing around full perimeter to prevent air leakage. 
Contractor shall be responsible to provide connection flanges and all other framework that is needed to 
properly support the unit. 
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B. Casing performance – Casing air leakage shall not exceed leak class 6 (CL = 6) per ASHRAE 111 at 

specified casing pressure, where maximum casing leakage (cfm/100 ft2 of casing surface area) = CL X 
P0.65. 

 
C. Air leakage shall be determined at a casing static pressure of 8 inches w.g. Specified air leakage shall be 

accomplished without the use of caulk. Total estimated air leakage shall be reported for each unit in CFM, as 
a percentage of supply air, and as an ASHRAE 111 Leakage Class. 

 
D. Under 55°F supply air temperature and design conditions on the exterior of the unit of 81°F dry bulb and 

73°F wet bulb, condensation shall not form on the casing exterior. The AHU manufacturer shall provide 
tested casing thermal performance for the scheduled supply air temperature plotted on a psychrometric 
chart. The design condition on the exterior of the unit shall also be plotted on the chart. If tested casing 
thermal data is not available, AHU manufacturer shall provide, in writing to the Engineer and Owner, a 
guarantee against condensation forming on the unit exterior at the stated design conditions above. The 
guarantee shall note that the AHU manufacturer will cover all expenses associated with modifying units in 
the field should external condensate form on them. In lieu of AHU manufacturer providing a written 
guarantee, the installing contractor must provide additional external insulation on AHU to prevent 
condensation. 

 
E. Unit casing (wall/floor/pressure bulkhead roof panels and doors) shall be able to withstand up to 1.5 times 

design static pressure up to +8” w.g. in all positive pressure sections and -8” w.g. in all negative pressure 
sections, whichever is less, and shall not exceed 0.0042” per inch of panel span (L/240). 

 
F. Floor panels shall be double-wall construction and designed to support a 300-lb load during maintenance 

activities and shall deflect no more than 0.0042” per inch of panel span. 
 

G. Unit casing panels shall be 2” double-wall construction, with solid galvanized exterior and solid galvanized 
steel interior, to facilitate cleaning of unit interior. 

 
H. Unit casing panels (pressure bulkhead roof panels, walls, floor) and doors shall be provided with a 

minimum thermal resistance (R-value) of 13 Hr*Ft2*°F/BTU. 
 

I. Unit casing panels (pressure bulkhead roof panels, walls, floor) and external structural frame members 
shall be completely insulated filling the entire panel cavity in all directions so that no voids exist. Panel 
insulation shall comply with NFPA 90A. 

 
J. Structural frame must not extend from air-handling unit interior to exterior. All component and panel 

support structure must be internal to AHU. Casing panel inner liners must not extend to the exterior of the 
unit or contact the exterior frame. A mid-span, no-through-metal, internal thermal break shall be provided 
for all unit casing panels. 

 
K. Access panels and/or access doors shall be provided in all sections to allow easy access to drain pan, 

coil(s), motor, drive components and bearings for cleaning, inspection, and maintenance. 
 

L. Access panels and doors shall be fully removable without the use of specialized tools to allow complete 
access of interior surfaces. 

 
2.4 ACCESS DOORS 

 
A. Access doors shall be 2” double-wall construction. Interior and exterior shall be of the same construction as 

the interior and exterior wall panels. 
 

B. All doors downstream of cooling coils shall be provided with a thermal break construction of door panel 
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and door frame. 
 

C. Gasketing shall be provided around the full perimeter of the doors to prevent air leakage. 
 

D. Door hardware shall be surface-mounted to prevent through-cabinet penetrations that could likely weaken the 
casing leakage and thermal performance. 

 
E. Handle hardware shall be designed to prevent unintended closure. 

 
F. Access doors shall be hinged and removable without the use of specialized tools to allow. 

 
G. Hinges shall be interchangeable with the door handle hardware to allow for alternating door swing in the 

field to minimize access interference due to unforeseen job site obstructions. 
 

H. Door handle hardware shall be adjustable and visually indicate locking position of door latch external to 
the section. 

 
I. All doors shall be a minimum 60” high when sufficient height is available, or the maximum height allowed by 

the unit height. 
J. Multiple door handles for indoor air handling units shall be provided for each latching point of the door 

necessary to maintain the specified air leakage integrity of the unit. 
 

K. Door latches on positively pressured modules opening outward must have safety latch requiring two 
motions to open. 

 
2.5 PRIMARY DRAIN PANS 

 
A. All cooling coil sections shall be provided with an insulated, double-wall, stainless steel drain pan. 

 
B. The drain pan shall be designed in accordance with ASHRAE 62.1 being of sufficient size to collect all 

condensation produced from the coil and sloped in two planes, pitched toward drain connections, promoting 
positive drainage to eliminate stagnant water conditions when unit is installed level and trapped per 
manufacturer's requirements. 

 
C. The outlet shall be located at the lowest point of the pan and shall be sufficient diameter to preclude drain pan 

overflow under any normally expected operating condition. 
 

D. All drain pan threaded connections shall be visible external to the unit. Threaded connections under the 
unit floor shall not be accepted. 

 
E. Drain connections shall be of the same material as the primary drain pan and shall extend a minimum 2- 

1/2” beyond the base to ensure adequate room for field piping of condensate traps. 
 

F. The installing contractor is responsible to ensure the unit is installed level, trapped in accordance with the 
manufacturer's requirements, and visually inspected to ensure proper drainage of condensate. 

 
G. Coil support members inside the drain pan shall be of the same material as the drain pan and coil casing. 

 
H. Drain pans shall be provided for heating coils, access sections, and mixing sections as indicated in the 

plans. 
 
2.6 FANS 

 
A. Fan sections shall have a minimum of one access door located on the drive side of the unit to allow 
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inspection and maintenance of the fan, motor, and drive components. Construct door(s) per Section 2.04. 
 

B. Fan casing shall be same as requirements for discharge plenums. 
 

C. Provide fans of type and class as specified on the schedule. Fan shafts shall be solid steel, coated with a 
rust-inhibiting coating, and properly designed so that fan shaft does not pass through first critical speed as unit 
comes up to rated RPM. All fans shall be statically and dynamically tested by the manufacturer for vibration 
and alignment as an assembly at the operating RPM to meet design specifications. Fans controlled by 
variable frequency drives shall be statically and dynamically tested for vibration and alignment at speeds 
between 25% and 100% of design RPM. If fans are not factory-tested for vibration and alignment, the 
contractor shall be responsible for cost and labor associated with field balancing and certified vibration 
performance. Fan wheels shall be keyed to fan shafts to prevent slipping. 

 
D. All fans shall be mounted on spring isolation bases. Internally-mounted motor shall be on the same isolation 

base. Fan and motor shall be internally isolated with spring isolators. Unit sizes up to nominal 4,000 cfm shall 
have 1-inch springs. Unit sizes larger than nominal 4,000 cfm shall have 2-inch spring isolators. A flexible 
connection (e.g. canvas duct) shall be installed between fan and unit casing to ensure complete isolation. 
Flexible connection shall comply with NFPA 90A and UL 181 requirements. If fans and motors are not 
internally isolated, then the entire unit shall be externally isolated from the building, including supply and 
return duct work, piping, and electrical connections. External isolation shall be furnished by the installing 
contractor in order to avoid transmission of noise and vibration through the ductwork and building structure. 

 
E. Fan sections containing multiple fans shall be provided as indicated on the schedule and drawings. Each fan 

shall operate in parallel to each other fan in the array. The fans shall be SWSI plenum type with high efficient 
AF blades. Fans shall be direct-driven. Fan wheels shall be aluminum. The Hp characteristic of the fans shall 
be non-overloading. 

F. Fan sections containing multiple fans shall be controlled using a common control signal, such as the duct 
static control signal, to modulate the fan speed. 

 
G. Fan airflow measurement systems shall be provided as indicated on the schedule and drawings to measure 

fan airflow directly or to measure differential pressure that can be used to calculate airflow. The accuracy of 
the devices shall be no worse than +/- 1 percent when operating within stable fan operating conditions. 
Devices shall not affect the submitted fan performance and acoustical levels. Devices that obstruct the fan 
inlet or outlet shall not be acceptable. Devices shall be connected to transducers with a 2-10 VDC output. 
Signal shall be proportional to air velocity. 

 
H. Motors and Drives: 

1. All motors and drives shall be factory-installed and run tested. All motors shall be installed on a slide 
base to permit adjustment of belt tension. Slide base shall be designed to accept all motor sizes offered 
by the air-handler manufacturer for that fan size to allow a motor change in the future, should airflow 
requirements change. Fan sections without factory-installed motors shall have motors field installed by 
the contractor. The contractor shall be responsible for all costs associated with installation of motor and 
drive, alignment of sheaves and belts, run testing of the motor, and balancing of the assembly. 

2. Motors shall meet or exceed all NEMA Standards Publication MG 1 – 2006 requirements and comply 
with NEMA Premium efficiency levels when applicable. Motors shall comply with applicable 
requirements of NEC and shall be UL Listed. 

3. Fan Motors shall be heavy duty, NEMA Premium efficient, ODP. 
4. Direct-driven fan sections shall use 2-pole (3600 rpm), 4-pole (1800 rpm), or 6-pole (1200 rpm) 

motors, NEMA Design B, with Class B insulation to operate continuously at 104°F (40°C) ambient 
without tripping of overloads. Multiple fan selections utilizing 8-pole (900 rpm) motors are 
unacceptable due to motor inefficiency, cost, and replacement lead times. 

5. Motors shall have a +/- 10 percent voltage utilization range to protect against voltage variation. 
6. Manufacturer shall provide for each fan a nameplate with the following information to assist air 

balance contractor in start up and service personnel in maintenance: 
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a. Fan part number 
b. Fan and motor bushing part number 
c. Fan design RPM and motor HP 
d. Center distance between shafts 

 
2.7 COILS 

 
A. Coils section side panel shall be removable to allow for removal and replacement of coils without impacting 

the structural integrity of the unit. 
 

B. Install coils such that headers and return bends are enclosed by unit casing to ensure that if condensate 
forms on the header or return bends, it is captured by the drain pan under the coil. 

 
C. Coils shall be manufactured with plate fins to minimize water carryover and maximize airside thermal 

efficiency. Fin tube holes shall have drawn and belled collars to maintain consistent fin spacing to ensure 
performance and air pressure drop across the coil as scheduled. Tubes shall be mechanically expanded and 
bonded to fin collars for maximum thermal conductivity. Use of soldering or tinning during the fin-to- tube 
bonding process is not acceptable due to the inherent thermal stress and possible loss of bonding at that 
joint. 

 
D. Construct coil casings of stainless steel. End supports and tube sheets shall have belled tube holes to 

minimize wear of the tube wall during thermal expansion and contraction of the tube. 
 

E. All coils shall be completely cleaned prior to installation into the air handling unit. Complete fin bundle shall be 
degreased and cleaned to remove any lubricants used in the manufacturing of the fins, or dirt that may have 
accumulated, in order to minimize the chance for water carryover. 

 
F. When two or more cooling coils are stacked in the unit, an intermediate drain pan shall be installed between 

each coil. The intermediate drain pan shall be designed being of sufficient size to collect all condensation 
produced from the coil and sloped to promote positive drainage to eliminate stagnant water conditions. The 
intermediate drain pan shall be constructed of the same material as the primary drain  pan. 

G. The intermediate drain pan shall begin at the leading face of the water-producing device and be of sufficient 
length extending downstream to prevent condensate from passing through the air stream of the lower coil. 

 
H. Intermediate drain pan shall include downspouts to direct condensate to the primary drain pan. The 

intermediate drain pan outlet shall be located at the lowest point of the pan and shall be sufficient diameter to 
preclude drain pan overflow under any normally expected operating condition. 

 
I. Hydronic Coils: 

1. Supply and return header connections shall be clearly labeled on unit exterior such that direction of coil 
water-flow is counter to direction of unit air-flow. 

2. Coils shall be proof-tested to 300 psig and leak-tested to 200 psig air pressure under water. 
3. Headers shall be constructed of round copper pipe or cast iron. 
4. Tubes shall be 1/2 inch O.D., minimum 0.016 inch thick copper. Fins shall be aluminum. 
5. Refrigerant suction and liquid connections shall be clearly labeled on unit exterior. 
6. Coils shall be proof-tested to 600 psig and leak-tested to 400 psig air pressure under water. After testing, 

insides of tubes shall be air dried, charged with dry nitrogen or dry air (-20 deg F dew point), and sealed 
to prevent contamination. 

7. Refrigerant suction and liquid headers shall be constructed of copper tubing. Suction and liquid 
connections shall penetrate unit casings to allow for sweat connections to refrigerant lines. 

8. Tubes shall be 1/2 inch O.D., minimum 0.016 inch thick copper. Fins shall be aluminum. 
9. Coils shall have equalizing type vertical distributors sized in conjunction with capacities of coils. 

 
2.8 FILTERS 
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A. Provide factory-fabricated filter section of the same construction and finish as unit casings. Filter section 
shall have side access filter guides and access door(s) extending the full height of the casing to facilitate 
filter removal. Construct doors in accordance with Section 2.04. Provide fixed filter blockoffs as required to 
prevent air bypass around filters. Blockoffs shall not need to be removed during filter replacement. Filters to 
be of size and quantity required to maximize filter face area for each air handling unit. 

 
B. Manufacturer shall provide one set of startup filters. 

 
C. Each filter section shall be provided with a factory-installed, flush-mounted Dwyer dial-type differential 

pressure gauge piped to both sides of the filter to indicate status. Gauge shall maintain a +/- 5 percent 
accuracy within operating temperature limits of -20°F to 120°F. Filter sections consisting of pre- and post- 
filters shall have a gauge for each. 

 
D. Product Requirements: 

1. Air filters shall meet the applicable requirements of ASHRAE 62-1989. 
2. Filter media shall have a MERV (Minimum Efficiency Reporting Value) of 8. 
3. Initial efficiency shall meet a minimum of 30%. 
4. Average 40% minimum dust spot efficiency. 
5. 90-93% minimum arrestance (ASHRAE 52.1-1992). 
6. 50-70% particle size E3 (Range 3) when tested to ASHRAE 52.2-1998 for 3 to 10 micron particles, or 

52.2P. 
7. Filter shall be capable of withstanding 2.0” WC without failure of media pack. 

 
E. All manufacturers shall submit a published report by an ASHRAE qualified independent testing laboratory 

using 24 x 24 inch dimensions in all three nominal thicknesses, in both high and standard capacity, 
obtained from a sample purchased on the open market. The test data shall be current and published within 
the last three years. Submission of testing for just one size nominal thickness is not acceptable. 

 
F. Product Performance: 

1. Air filtration system shall include pleated, factory fabricated, dry, extended surface filter media, media 
support, and holding frame. 

2. Filter shall be listed as Class 2 by Underwriters Laboratories, Inc. and written proof of UL Class 2 
number shall be imprinted on the frames. 

3. Each filter shall be disposable and factory assembled. 
4. Media shall be composed of a continuous multi-layer non-woven synthetic (fiberglass or polyester) and 

hydrophobic (non water absorbing) fibers. Filter media that contain acrylic resin binders are not 
acceptable. 

5. Media shall not support bacteria or mold. Antimicrobial treatment not required and considered 
marginally effective. 

6. Enclosing frame shall be constructed of a heavy duty, rigid, 2-piece, 28 point high wet strength beverage 
board. Frame shall be treated with solid unbleached sulfate, hard sized for wet strength and natural clay 
coated for the purpose of printing with non toxic biodegradable inks. Each filter shall have the name of the 
manufacturer, model number, nominal frame dimension, and UL class 2 listing imprinted on the frame. 

7. Filter with dimensions up to 25 nominal inches, regardless of thickness, must have all corners flush and 
sealed tight without the use of tape or staples. Filters with at least one dimension greater than 25 nominal 
inches are permitted the use of tape or staples. 

8. Support grid shall be bonded to all interior surfaces of the frame with solvent-free waterbased 
adhesive to eliminate the possibility of media oscillation and pull-away. To assure accurate pleat 
alignment, die-cut diagonal frame members shall be bonded to the media pack upstream and down 
stream to eliminate the potential air bypass. 

9. Roll Filter Media: they shall be variable density fiberglass roll media for dry filtering application. Media 
shall be cut to grille sizes in the field. 

10. Cartridge Type Final Filters: they shall be high efficiency, pleated, ultra fine fiberglass filter media with 
aluminum media separators, galvanized steel sides with ¾ inch galvanized steel headers on entering 
side. Completely dry media, 12inch deep cell. Filter media and galvanized metal header shall be factory 
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sealed against leakage by cementing media to the header. 
 
2.9 DAMPERS 

 
A. When shown, all dampers, with the exception of external bypass and multizones (if scheduled), shall be 

internally mounted. Dampers shall be premium ultra low leak and located as indicated on the schedule and 
plans. Blade arrangement (parallel or opposed) shall be provided as indicated on the schedule and drawings. 
Dampers shall be Ruskin CD60 double-skin airfoil design or equivalent for minimal air leakage and pressure 
drop. Leakage rate shall not exceed 3 CFM/square foot at one inch water gauge complying with ASHRAE 
90.1 maximum damper leakage and shall be AMCA licensed for Class 1A. All leakage testing and pressure 
ratings shall be based on AMCA Standard 500-D. Manufacturer shall submit brand and  model of damper(s) 
being furnished, if not Ruskin CD60. 

 
2.10 ACCESS SECTIONS 

 
A. Access sections shall be provided where indicated in the schedule and plans to allow additional access for 

inspection, cleaning, and maintenance of unit components. The unit shall be installed for proper access. 
Procedure for proper access, inspection and cleaning of the unit shall be provided in the AHU manufacturer’s 
maintenance manual. Access section doors shall be constructed per Section 2.04. 

 
2.11 INTERNAL FACE AND BYPASS SECTIONS 

 
A. Dampers shall be provided as indicated on the schedule and plans to divert airflow around the coil internally 

within the air handling unit. Dampers shall be low leak and opposed blade arrangement. Dampers shall be 
Ruskin CD60 double-skin airfoil design or equivalent for minimal air leakage and pressure drop. Leakage rate 
shall not exceed 5 CFM/square foot at one inch water gauge. All leakage testing and pressure ratings shall be 
based on AMCA Standard 500-D. Manufacturer shall submit brand and model of damper(s) being furnished, if 
not Ruskin CD60. 

 
2.12 DISCHARGE PLENUM SECTIONS 

 
A. Plenums shall be provided as indicated in the schedule and plans to efficiently turn air and provide 

acoustical attenuation. Discharge plenum opening types and sizes shall be scaled to meet pressure drop 
requirements scheduled and align with duct takeoffs. 

 
B. Discharge plenum panels shall include an acoustical liner to meet acoustical requirements. The liner shall be 

fabricated from stainless steel perforated material to prevent corrosion and designed to completely 
encapsulate fiberglass insulation. The perforation spacing and hole size shall be such as to prevent 
insulation breakaway, flake off, or delamination when tested at 9000 fpm, in accordance with UL 181 or 
ASTM C1071. Insulation material must be resistant to fungi in accordance with ASTM C1338. 

 
2.15 ULTRAVIOLET GERMICIDAL IRRADIATION LAMPS 

 
A. Ultraviolet germicidal irradiation (UVGI) lamps shall be provided. Lamps shall be installed such that the entire 

leaving face of the cooling coil(s) and the drain pan are exposed to the light in accordance with the GSA 2003 
Facilities Standard, HVAC Systems and Components. Fixtures shall have been tested, Listed 
and labeled as UL/C-UL under Category Code ABQK (Accessories, Air Duct Mounted), UL Standards 153, 
1598 & 1995, respectively. 

 
B. Each lamp shall contain no more than 8 milligrams of mercury, consistent with current environmental 

practices, while producing the specified output at 500 fpm in temperatures of 55°F - 135°F. Useful lamp life 
shall be 9,000 hours with no more than a 20% output loss at the end of one year of continuous use. 

 
C. Any windows with visual access to the light shall use protective UVC resistant glass. Access to any section 
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with visual access to UVC light shall include automatic kill switches to de-energize the lamps. 
 
PART 3 - INSTALLATION 

 
3.1 SHIPPING 

 
A. Paper copies of the IOM shall also be shipped with each AHU. 

 
B. The AHU manufacturer shall identify all shipments with the order number. Enough information shall be 

provided with each shipment to enable the Mechanical Contractor to confirm the receipt of units when 
they are received. For parts too small to mark individually, the AHU manufacturer shall place them in 
containers. 

 
C. To protect equipment during shipment and delivery, all indoor units shall be completely stretch or shrink 

wrapped. Wrap shall be a minimum of 7 mil plastic. Pipe ends and pipe connection holes in the casing shall 
be capped or plugged prior to shipment. 

 
D. After loading the equipment for shipment, the AHU manufacturer shall contact the shipping contact on the 

order and provide the name of the carrier, description of equipment, order number, shipping point, and date 
of shipment. 

 
3.2 ON-SITE STORAGE 

 
A. If equipment is to be stored for a period of time prior to installation, the Mechanical Contractor shall remove all 

stretch or shrink wrap from units upon receipt to prevent unit corrosion and shall either place the units in a 
controlled indoor environment or shall cover the units with canvas tarps and place them in a well-drained 
area. Covering units with plastic tarps shall not be acceptable. 

 
3.3 FIELD EXAMINATION 

 
A. The Mechanical Contractor shall verify that the mechanical room and/or roof are ready to receive work and 

the opening dimensions are as indicated on the shop drawings and contract documents. 
 

B. The Mechanical Contractor shall verify that the proper power supply is available prior to starting of the fans. 
 
3.4 INSTALLATION 

 
A. The Mechanical Contractor shall be responsible to coordinate ALL installation requirements with the Owner 

and the Owner’s selected Mechanical Contractor to ensure that a complete installation for each unit is being 
provided. Coordination efforts shall include such items as unloading and hoisting requirements, field wiring 
requirements, field piping requirements, field ductwork requirements, requirements for assembly of field-
bolted or -welded joints, and all other installation and assembly requirements. 

 
B. The AHU manufacturer shall provide all screws and gaskets for joining of sections in the field. 

 
C. The Mechanical Contractor shall verify that the following items have been completed prior to scheduling the 

AHU manufacturer's final inspection and start up: 
1. All spring-isolated components have had their shipping restraints removed and the components have 

been leveled. 
2. On all field-joined units, that all interconnections have been completed, i.e., electrical and control wiring, 

piping, casing joints, bolting, welding, etc. 
3. All water and steam piping connections have been completed and hydrostatically tested and all water flow 

rates have been set in accordance with the capacities scheduled on the Drawings.All ductwork 
connections have been completed and all ductwork has been pressure tested for its intended service. 

4. All power wiring, including motor starters and disconnects, serving the unit has been completed. 
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5. All automatic temperature and safety controls have been completed. 
6. All dampers are fully operational. 
7. All shipping materials have been removed. 
8. All (clean) filter media has been installed in the units. 

 
3.5 LEVELING 

 
A. The Mechanical Contractor shall level all unit sections in accordance with the unit manufacturer’s instructions. 

The Mechanical Contractor shall provide and install all necessary permanent shim material to ensure 
individual sections and entire assembled units are level. 

 
3.6 FINAL INSPECTION AND START UP SERVICE 

 
A. After the Mechanical Contractor has provided all water and steam piping connections, ductwork connections, 

and field control wiring, and Electrical Contractor has provided all the field power wiring, the Mechanical 
Contractor shall inspect the installation. The Mechanical Contractor shall then perform startup of the 
equipment. 

 
B. The Automatic Temperature Control (Building Direct Digital Control) Contractor shall be scheduled to be at 

the job site at the time of the equipment start up. 
 

C. The Mechanical Contractor, shall perform the following tests and services and submit a report outlining the 
results: 
1. Record date, time, and person(s) performing service. 
2. Lubricate all moving parts. 
3. Check all motor and starter power lugs and tighten as required. 
4. Verify all electrical power connections. 
5. Conduct a start up inspection per the AHU manufacturer's recommendations. 
6. Record fan motor voltage and amperage readings. 
7. Check fan rotation and spin wheel to verify that rotation is free and does not rub or bind. 
8. Check fan for excessive vibration. 
9. Check V belt drive or coupling for proper alignment. 
10. Check V belt drive for proper tension. Tighten the belts in accordance with the AHU manufacturer's 

directions. Check belt tension during the second and seventh day's operation and re-adjust belts, as may 
be required, to maintain proper tension as directed by the AHU manufacturer. 

11. Remove all foreign loose material in ductwork leading to and from the fan and in the fan itself. 
12. Disengage all shipping fasteners on vibration isolation equipment. 
13. Check safety guards to insure they are properly secured. 
14. Secure all access doors to the fan, the unit and the ductwork. 
15. Switch electrical supply "on" and allow fan to reach full speed. 
16. Physically check each fan at start up and shut down to insure no abnormal or problem conditions exist. 
17. Check entering and leaving air temperatures (dry bulb and wet bulb) and simultaneously record entering 

and leaving chilled water temperatures and flow, steam pressures and flow, and outside air temperature. 
18. Check all control sequences. 

 

END OF SECTION 23 73 13 





St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 

 

 
©2020, HJ/PROJ. #18064.00                                BASIC ELECTRICAL REQUIREMENTS 26 01 00 - 1 

   SECTION 26 01 00 - BASIC ELECTRICAL REQUIREMENTS 
 

PART 1 - GENERAL 
 

1.1  RELATED DOCUMENTS 
 A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division-01 Specification Sections, apply to work of this Section. 
 B. Coordination of work between mechanical and electrical trades is covered in Division-23 Section “GENERAL 

MECHANICAL PROVISIONS”. 

1.2  SUMMARY 
 A. This Section specifies the basic requirements for electrical installations and includes requirements common to 

all sections of Division-26. It expands and supplements the requirements specified in sections of Division- 01. 

1.3  CODES AND STANDARDS 
 A. Install all work in accordance with the applicable requirements of the latest edition of the following: 

1. Florida Building Code 
2. Florida Fire Prevention Code 
3. National Electric Code (NFPA 70) 
4. National Electrical Safety Code (NESC) 
5. Florida Administrative Code, Chapter 69A-58 

 B. All electrical materials, installation and systems shall meet the requirements of the following standards, 
including the latest addenda and amendments: 

1. American National Standards Institute (ANSI) 
2. Institute of Electrical and Electronics Engineers (IEEE) 
3. National Electrical Manufacturer’s Associations (NEMA) 
4. National Fire Protection Association (NFPA) 
5. Occupational Safety and Health Act (OSHA) 
6. Underwriter’s Laboratories, Inc. (UL) 
7. Electronic Industry Association (EIA) 

 C. It is the intent of the Contract Documents to comply with the applicable codes, ordinances, regulations, and 
standards. Where discrepancies occur, notify the Architect in writing, and ask for interpretation.  Correct any 
installation that fails to comply with the applicable codes and standards at no additional cost to the Owner. 

 D. All materials shall be new and free of defects, and shall be U.L. listed, bear the U.L. label or be labeled or listed 
with an approved, nationally recognized Electrical Testing Agency. Where no labeling or listing service is 
available for certain types of equipment, test data shall be submitted to prove to the Engineer that equipment 
meets or exceeds available standards. 

1.4  PERMITS AND INSPECTIONS 
 A. Obtain and make all payments for permits, meters and inspections required. At the completion of the project 

and before final acceptance of the electrical work, provide evidence of final inspection and approval by the 
authorities having jurisdiction. 

1.5  QUALITY ASSURANCE 
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 A. Manufacturers: Firms regularly engaged in manufacture of electrical products specified, whose products have 
been in satisfactory use in similar service for not less than 5 years. 

 B. Installer's Qualifications: Firm with at least 5 years of successful installation experience on projects with electrical 
work similar to that required for this project. 
 

1.6 IDENTIFICATION 
 

A. The following items shall be equipped with nameplates: All motors, motor starters, motor-control centers, 
pushbutton stations, control panels, time switches, disconnect switches, panelboards, circuit breakers, 
contactors. 

 
B. Nameplates shall adequately describe the function of the particular equipment involved. Nameplates for 

panelboards and switchboards shall include the panel designation, branch (normal or emergency), voltage 
and phase of the supply. For example, "Panel A, Emergency Branch, 480Y/277V, 3-phase, 4-wire." 

 
C. Nameplates shall be laminated phenolic plastic, black front and back with white core, with 3/8" high lettering 

etched through the outer covering. White engraved letters on black background. Attach with plated self- tapping 
screws or brass bolts. 

 
D. All junction box covers shall be hand marked with a 1/8" wide permanent black marking pen, indicating 

panel and circuit numbers contained, or system contained, i.e., fire alarm, telephone, etc. 
 

1.7 ROUGH-IN 
 

A. Verify final locations for rough-ins with field measurements and with the requirements of the actual 
equipment to be connected, and architectural room elevations. 

 
1.8 ELECTRICAL INSTALLATIONS 

 
A. Coordinate electrical equipment and materials installation with other building components. 

 
B. Verify all dimensions by field measurements. 

 
C. Arrange for chases, slots, and openings in other building components to allow for electrical installations. 

 
D. Coordinate the installation of required supporting devices and sleeves to be set in poured in place concrete 

and other structural components, as they are constructed. 
 

E. Sequence, coordinate, and integrate installations of electrical materials and equipment for efficient flow of the 
Work. Give particular attention to large equipment requiring positioning prior to closing-in the building. 

 
F. Coordinate the cutting and patching of building components to accommodate the installation of electrical 

equipment and materials. 
 

G. Coordinate connection of electrical systems with local utility services. Comply with requirements of governing 
regulations, franchised service companies, and controlling agencies. Provide required connections for each 
service. 

 
1.9 CUTTING AND PATCHING 

 
A. This Article specifies the cutting and patching of electrical equipment, components, and materials to include 

removal and legal disposal of selected materials, components, and equipment. 
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B. Do not cut any structural members without written approval from the Architect of Record. 
 

C. Do not endanger or damage installed Work through procedures and processes of cutting and patching. 
 

D. Arrange for repairs required to restore other work, because of damage caused as a result of electrical 
installations. 

 
E. No additional compensation will be authorized for cutting and patching Work that is necessitated by ill-timed, 

defective, or non-conforming installations. 
 

F. Perform cutting, fitting, and patching of electrical equipment and materials required to: 

1. Uncover Work to provide for installation of ill-timed work; 
2. Remove and replace defective Work; 
3. Remove and replace Work not conforming to requirements of the Contract Documents; 
4. Remove samples of installed Work as specified for testing; 
5. Upon written instructions from the Architect/Engineer, uncover and restore Work to provide for 

Architect/Engineer observation of concealed Work. 
6. Install electrical work in existing facilities. 

 
1.10 ELECTRICAL SUBMITTALS 

 
A. Refer to the Conditions of the Contract (General and Supplementary) and Division-01 Section: SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES for submittal definitions, requirements, and procedures. 
 

B. Submittal of shop drawings, product data, and samples will be accepted only when submitted by the Contractor. 
Data submitted from subcontractors and material suppliers directly to the Architect/Engineer will not be 
processed. 

 
1.11 PRODUCT OPTIONS AND SUBSTITUTIONS 

 
A. Refer to the Instructions to Bidders and the Division-01 for requirements in selecting products and 

requesting substitutions. Where a listing of acceptable manufacturers has been given, use one of those 
manufacturers given only. 

 
1.12 PRODUCT LISTING 

 
A. Prepare listing of major electrical equipment and materials for the project. 

 
B. Provide all information requested. 

 
C. Submit this listing as a part of the submittal requirement specified in Division-01. 

 
D. When two or more items of the same material or equipment are required they shall be of the same 

manufacturer, i.e., panelboards, motor starters, transformers, etc. Product manufacturer uniformity does not 
apply to raw materials, bulk materials, wire, conduit, fittings, sheet metal, steel bar stock, welding rods, solder, 
fasteners, motors for dissimilar equipment units, and similar items used in Work, except as otherwise indicated. 

 
E. Provide products which are compatible within systems and other connected items. 

 
1.13 DELIVERY, STORAGE, AND HANDLING 

 
A. Deliver products to project properly identified with names, model numbers, types, grades, compliance labels, and 

similar information needed for distinct identifications; adequately packaged and protected to prevent damage 
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during shipment, storage, and handling. 
 

B. Store equipment and materials at the site, unless off-site storage is authorized in writing. Protect stored 
equipment and materials from damage. 

 
C. Coordinate deliveries of electrical materials and equipment to minimize construction site congestion. Limit 

each shipment of materials and equipment to the items and quantities needed for the smooth and efficient 
flow of installations. 

 
1.14 RECORD DOCUMENTS 

 
A. Refer to the Division-01 Section: PROJECT CLOSEOUT or PROJECT RECORD DOCUMENTS for 

requirements. The following paragraphs supplement the requirements of Division-01. 
 

B. Mark Drawings to indicate revisions to conduit size and location both exterior and interior; actual equipment 
locations, distribution and branch electrical circuitry; fuse and circuit breaker size and arrangements; support 
and hanger details. 

 
C. Mark Specifications to indicate approved substitutions; Change Orders; actual equipment and materials 

used. 
 

1.15 OPERATION AND MAINTENANCE DATA 
 

A. Refer to the Division-01 Section; PROJECT CLOSEOUT or OPERATION AND MAINTENANCE 
DATA for procedures and requirements for preparation and submittal of maintenance manuals. 

1.16 WARRANTIES 
 

A. Refer to individual equipment specifications for warranty requirements. 
 

B. Compile and assemble the warranties specified in Divisions-26, 27 & 28, into a separate set of vinyl covered, 
three ring binders, tabulated and indexed for easy reference. 

 
C. Provide complete warranty information for each item to include product or equipment, date of beginning of 

warranty or bond; duration of warranty or bond; and names, addresses, and telephone numbers and 
procedures for filing a claim and obtaining warranty services. 

 
1.17 CLEANING 

 
A. Refer to the Division-01 Section; PROJECT CLOSEOUT or FINAL CLEANING for general requirements for final 

cleaning. 
 

B. Clean all light fixtures, lamps and lenses prior to final acceptance. Replace all inoperative lamps. 
 

1.18 TEMPORARY POWER 
 

A. Provide and pay for all temporary electrical service as required for construction. 
 

B. Provide all temporary lighting and power distribution as required for construction. All temporary electrical 
work shall be in accordance with the N.E.C. 

 
1.19 ELECTRONIC FILES 

 
A. CADD files will be available on a limited basis to qualified firms at the Architects prerogative. Recipients are 

cautioned that these files may not accurately show actual conditions as constructed. Users are responsible to 
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verify actual field conditions. These files are not intended to be used as shop drawings. 
 

END OF SECTION 26 01 00 
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SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL 

 
PART 1 - GENERAL 

 
1.1 SUMMARY 

 
A. Section Includes: 

1. Sleeves for raceways and cables. 
2. Sleeve seals. 
3. Grout. 
4. Common electrical installation requirements. 

 
1.2 SUBMITTALS 

 
A. Product Data: For sleeve seals. 

 
PART 2 - PRODUCTS 

 
2.1 SLEEVES FOR RACEWAYS AND CABLES 

 
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends. 

 
B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends 

and integral waterstop, unless otherwise indicated. 
 

C. Sleeves for Rectangular Openings: Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more than 16 inches, 
thickness shall be 0.052 inch. 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or more sides 
equal to, or more than, 16 inches, thickness shall be 0.138 inch. 

 
2.2 SLEEVE SEALS 

 
A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and 

raceway or cable. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include, but are not limited to, the following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

 
2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include type and 

number required for material and size of raceway or cable. 
3. Pressure Plates: Plastic. Include two for each sealing element. 
4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length required to secure 

pressure plates to sealing elements. Include one for each sealing element. 
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2.3 GROUT 

 
A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic aggregate grout, 

noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute working 
time. 

 
PART 3 - EXECUTION 

 
3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

 
A. Comply with NECA 1. 
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall- 

mounting items. 
 

C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and install 
components and equipment to provide maximum possible headroom consistent with these requirements. 

 
D. Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both electrical 

equipment and other nearby installations. Connect in such a way as to facilitate future disconnecting with 
minimum interference with other items in the vicinity. 

 
E. Right of Way: Give to piping systems installed at a required slope. 

 
3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

 
A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete 

slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 
 

B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings are 
used. Install sleeves during erection of slabs and walls. 

 
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

 
D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings 

compatible with firestop system used are fabricated during construction of floor or wall. 
 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 
 

F. Extend sleeves installed in floors 2 inches above finished floor level. 
 

G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable, unless 
indicated otherwise. 

 
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed surfaces 
smooth; protect grout while curing. 

 
I. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and raceway or 

cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Division 
07 Section "Joint Sealants." 

 
J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
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raceway and cable penetrations. Install sleeves and seal raceway and cable penetration sleeves with firestop 
materials. Comply with requirements in Division 07 Section "Penetration Firestopping." 

 
K. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing 

units applied in coordination with roofing work. 
 

L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve 
seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 

 
M. Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular 

clear space between raceway or cable and sleeve for installing mechanical sleeve seals. 
 

3.3 SLEEVE-SEAL INSTALLATION 
 

A. Install to seal exterior wall penetrations. 
 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material and 
size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular 
space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements 
to expand and make watertight seal. 

3.4 FIRESTOPPING 
 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore 
original fire-resistance rating of assembly. Firestopping materials and installation requirements are specified in 
Division 07 Section "Penetration Firestopping."  

 
 
END OF SECTION 26 05 00 





St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00       LOW VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES        26 05 19 - 1   

SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 
 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes the following: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 
3. Sleeves and sleeve seals for cables. 

 
1.2 SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
B. Field quality-control test reports. 

 
1.3 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

 
B. Comply with NFPA 70. 

 
PART 2 - PRODUCTS 

 
2.1 CONDUCTORS AND CABLES 

 
A. Copper Conductors: Comply with NEMA WC 70. 

 
B. Conductor Insulation: Comply with NEMA WC 70 for Types THHN-THWN. 

 
2.2 CONNECTORS AND SPLICES 

 
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 
2. Hubbell Power Systems, Inc. 
3. O-Z/Gedney; EGS Electrical Group LLC. 
4. 3M; Electrical Products Division. 
5. Tyco Electronics Corp. 

 
B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, 

type, and class for application and service indicated. 
 

2.3 SLEEVES FOR CABLES 
 

A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 
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B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 

pipe, with plain ends and integral waterstop, unless otherwise indicated. 
 

C. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

 
2.4 SLEEVE SEALS 

 
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Advance Products & Systems, Inc. 
2. Calpico, Inc. 
3. Metraflex Co. 
4. Pipeline Seal and Insulator, Inc. 

 
B. Description: Modular sealing device, designed for field assembly, to fill annular space 

between sleeve and cable. 
1. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. 

Include type and number required for material and size of raceway or cable. 
2. Pressure Plates: Plastic. Include two for each sealing element. 
3. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements. Include one for each sealing 
element. 

 
PART 3 - EXECUTION 

 
3.1 CONDUCTOR MATERIAL APPLICATIONS 

 
A. Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

 
B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 

larger. 
 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

 
A. Service Entrance:  Type THHN-THWN, single conductors in raceway. 

 
B. Exposed Feeders:  Type THHN-THWN, single conductors in raceway. 

 
C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-THWN, 

single conductors in raceway. 
 

D. Feeders  Concealed  in  Concrete,  below  Slabs-on-Grade,  and  Underground: Type 
THHN-THWN, single conductors in raceway. 

 
E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN, single conductors in 

raceway. 
 

F. Branch  Circuits  Concealed  in  Ceilings,  Walls, and Partitions: Type THHN-THWN, 
single conductors in raceway. 
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G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type 

THHN-THWN, single conductors in raceway. 
 

H. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application. 

 
I. Class 1 Control Circuits:  Type THHN-THWN, in raceway. 

 
J. Class 2 Control Circuits:  Type THHN-THWN, in raceway. 

 
3.3 INSTALLATION OF CONDUCTORS AND CABLES 

 
A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 

 
B. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

 
C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that 

will not damage cables or raceway. 
 

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, 
and follow surface contours where possible. 

 
E. Support cables according to Division 26 Sections "Hangers and Supports for Electrical 

Systems." 
F. Identify and color-code conductors and cables according to Division 26 Section "Identification 

for Electrical Systems." 
 

G. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in UL 
486A and UL 486B. 

 
H. Make splices and taps that are compatible with conductor material and that possess 

equivalent or better mechanical strength and insulation ratings than unspliced conductors. 

1. Use oxide inhibitor in each splice and tap conductor for aluminum conductors. 
 

I. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches of slack. 
 

3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 
 

A. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

 
B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed 

openings are used. Install sleeves during erection of slabs and walls. 
 

C. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of 
floor or wall. 
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D. Cut sleeves to length for mounting flush with both wall surfaces. 
 

E. Extend sleeves installed in floors 2 inches above finished floor level. 
 

F. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and cable unless 
sleeve seal is to be installed. 

 
G. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with 

approved joint compound for gypsum board assemblies. 
 

H. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve 
and cable, using joint sealant appropriate for size, depth, and location of joint according to 
Division 07 Section "Joint Sealants." 

 
I. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, 

and floors at cable penetrations. Install sleeves and seal with firestop materials according to 
Division 07 Section "Penetration Firestopping." 

 
J. Roof-Penetration Sleeves: Seal penetration of individual cables with flexible boot-type 

flashing units applied in coordination with roofing work. 
 

K. Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical 
sleeve seals. Size sleeves to allow for 1-inch annular clear space between pipe and sleeve 
for installing mechanical sleeve seals. 

 
L. Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size 

sleeves to allow for 1-inch annular clear space between cable and sleeve for installing 
mechanical sleeve seals. 

 
3.5 SLEEVE-SEAL INSTALLATION 

 
A. Install to seal underground exterior-wall penetrations. 

 
B. Use type and number of sealing elements recommended by manufacturer for cable material 

and size. Position cable in center of sleeve. Assemble mechanical sleeve seals and install in 
annular space between cable and sleeve. Tighten bolts against pressure plates that cause 
sealing elements to expand and make watertight seal. 

3.6 FIRESTOPPING 
 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire- resistance rating of assembly according to Division 07 Section "Penetration 
Firestopping." 

 
3.7 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections and prepare test reports. 

 
B. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been 
energized, test service entrance and feeder conductors for compliance with 
requirements. 
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2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

3. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each splice in cables and conductors No. 3 
AWG and larger. Remove box and equipment covers so splices are accessible to 
portable scanner. 

a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 
each splice 11 months after date of Substantial Completion. 

b. Instrument: Use an infrared scanning device designed to measure temperature 
or to detect significant deviations from normal values. Provide calibration record 
for device. 

c. Record of Infrared Scanning: Prepare a certified report that identifies splices 
checked and that describes scanning results. Include notation of deficiencies 
detected, remedial action taken, and observations after remedial action. 

 
C. Test Reports: Prepare a written report to record the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Test results that do not comply with requirements and corrective action taken to 

achieve compliance with requirements. 
 

D. Remove and replace malfunctioning units and retest as specified above.  
 
 
END OF SECTION 26 05 19 
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 
 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes methods and materials for grounding systems and equipment. 
 

1.2 SUBMITTALS 
 

A. Product Data: For each type of product indicated. 
 

B. Field quality-control test reports. 
 

1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

 
B. Comply with UL 467 for grounding and bonding materials and equipment. 

 
PART 2 - PRODUCTS 

 
2.1 CONDUCTORS 

 
A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 
 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Copper tape, braided conductors, terminated with copper ferrules; 

1-5/8 inches wide and 1/16 inch thick. 
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors, terminated with 

copper ferrules; 1- 5/8 inches wide and 1/16 inch thick. 
 

2.2 CONNECTORS 
 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities 
having jurisdiction for applications in which used, and for specific types, sizes, and 
combinations of conductors and other items connected. 

 
B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy, bolted pressure-type, 

with at least two bolts. 
1. Pipe Connectors: Clamp type, sized for pipe. 

 
C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
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materials being joined and installation conditions. 
 

2.3 GROUNDING ELECTRODES 
 

A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch in diameter, by 20 feet. 

PART 3 - EXECUTION 
 

3.1 APPLICATIONS 
 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for 
No. 6 AWG and larger, unless otherwise indicated. 

 
B. Underground Grounding Conductors: Install bare tinned, stranded copper conductor, No. 4/0 

AWG minimum. Bury at least 24 inches below grade, or bury 12” above ductbank when 
installed as part of the ductbank. 

 
C. Isolated Grounding Conductors: Green-colored insulation. On feeders with isolated ground, 

identify grounding conductor where visible to normal inspection, with alternating bands of 
green, with at least three bands of green. 

 
D. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted pressure clamp. 
2. Underground Connections: Exothermic welded connectors, except at test wells and 

as otherwise indicated. 
3. Connections to Ground Rods at Test Wells: Bolted pressure clamps. 
4. Connections to Structural Steel: Exothermic welded connectors. 

 
3.2 EQUIPMENT GROUNDING 

 
A. Install insulated equipment grounding conductors with the following items, in addition to those 

required by NFPA 70: 
1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 
8. Computer and Rack-Mounted Electronic Equipment Circuits: Install insulated 

equipment grounding conductor in branch-circuit runs from equipment-area power 
panels and power-distribution units. 

 
B. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-

mounted electrical devices operating at 120 V and more, including air cleaners, heaters, 
dampers, humidifiers, and other duct electrical equipment. Bond conductor to each unit and 
to air duct and connected metallic piping. 

 
C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 

equipment grounding conductor to each electric water heater and heat-tracing cable. Bond 
conductor to heater units, piping, connected equipment, and components. 
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D. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor 
connected to  the receptacle grounding terminal. Isolate conductor from raceway and from 
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the 
applicable derived system or  service, unless otherwise indicated. 

 
E. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch 

circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic 
raceway fitting listed for the purpose. Install fitting where raceway enters enclosure, and 
install a separate insulated equipment grounding conductor. Isolate conductor from raceway 
and from panelboard grounding terminals. Terminate at equipment grounding conductor 
terminal of the applicable derived system or service, unless otherwise indicated. 

 
F. Signal and Communication Equipment: For telephone, alarm, voice and data, and other 

communication equipment, provide No. 4 AWG minimum insulated grounding conductor in 
raceway from grounding electrode system to each service location, terminal cabinet, wiring 
closet, and central equipment location. 

1. Service and Central Equipment Locations and Wiring Closets: Terminate grounding 
conductor on a 1/4-by-2-by-12-inch grounding bus. 

2. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal. 

3.3 INSTALLATION 
 

A. Grounding Conductors: Route along shortest and straightest paths possible, unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they 
may be subjected to strain, impact, or damage. Bond electrical power system ground directly 
to lightning protection system grounding conductor at closest point to electrical service 
grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

 
B. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade, unless 

otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated. Make connections without exposing steel or damaging coating, if 
any. 

2. For grounding electrode system, install at least three rods spaced at least one-rod 
length from each other and located at least the same distance from other grounding 
electrodes, and connect to the service grounding electrode conductor. 

 
C. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes shall be 

at least 12 inches deep, with cover. 

1. Test Wells: Install at least one test well for each service, unless otherwise indicated. 
Install at the ground rod electrically closest to service entrance. Set top of test well 
flush with finished grade or floor. 

 
D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, 

except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to 
penetrate any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install so 
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vibration is  not transmitted to rigidly mounted equipment. 
3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type 

connection is required, use a bolted clamp. 
 

E. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, 
from building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service 
pipes, using a bolted clamp connector or by bolting a lug-type connector to a pipe 
flange, using one of the lug bolts of the flange. Where a dielectric main water fitting is 
installed, connect grounding conductor on street side of fitting. Bond metal grounding 
conductor conduit or sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 
meters. Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 

 
F. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of 

associated fans, blowers, electric heaters, and air cleaners. Install bonding jumper to bond 
across flexible duct connections to achieve continuity. 

 
G. Make connections so galvanic action or electrolysis possibility is minimized. Select 

connectors, connection hardware, conductors, and connection methods so metals in direct 
contact will be galvanically compatible. 

 
3.4 FIELD QUALITY CONTROL 

 
A. Perform the following tests and inspections and prepare test reports: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Test completed grounding system at each location where a maximum ground-
resistance level is specified, at service disconnect enclosure grounding terminal, and 
at ground test wells. 

a. Measure ground resistance not less than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 
 

B. Report measured ground resistances that exceed the following values: 
1. Power and Lighting Equipment or System with Capacity 1000 kVA and less: 5 ohms. 
2. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms. 

 
C. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify 

Architect promptly and include recommendations to reduce ground resistance.  
 
 
END OF SECTION 26 05 26 
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 SUMMARY 

 
A. Section includes: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

 
1.2 PERFORMANCE REQUIREMENTS 

 
A. Delegated Design: Design supports for multiple raceways, including comprehensive engineering analysis by a 

qualified professional engineer, using performance requirements and design criteria indicated. 
 

B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its 
contents. 

 
C. Design equipment supports capable of supporting combined operating weight of supported equipment and 

connected systems and components. 
 

D. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed 
for this Project, with a minimum structural safety factor of five times the applied force. 

 
1.3 SUBMITTALS 

 
A. Product Data: For steel slotted support systems. 

 
B. Shop Drawings: Show fabrication and installation details and include calculations for the following: 

1. Trapeze hangers. Include Product Data for components. 
2. Steel slotted channel systems. Include Product Data for components. 
3. Equipment supports. 

 
C. Welding certificates. 

 
1.4 QUALITY ASSURANCE 

 
A. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

 
B. Comply with NFPA 70. 

 
PART 2 - PRODUCTS 

 
2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

 
A. Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field assembly. 

1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that 
may be incorporated into the Work include, but are not limited to, the following: 

a. Allied Tube & Conduit. 
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b. Cooper B-Line, Inc.; a division of Cooper Industries. 
c. ERICO International Corporation. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut; Tyco International, Ltd. 

 
2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 
3. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating applied 

according to MFMA-4. 
4. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4. 
5. Channel Dimensions: Selected for applicable load criteria. 

 
B. Raceway and Cable Supports: As described in NECA 1 and NECA 101. 

 
C. Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated fittings, 

designed for types and sizes of raceway or cable to be supported. 
 

D. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and 
insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits. Plugs shall 
have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables 
supported. Body shall be malleable iron. 

 
E. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates, shapes, and bars; 

black and galvanized. 
 

F. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their supports to 
building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement  concrete, steel, 
or wood, with tension, shear, and pullout capacities appropriate for supported loads and building 
materials where used. 

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1) Hilti Inc. 
2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
3) MKT Fastening, LLC. 
4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

 
2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated and stainless steel, for use in hardened 

portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and 
building materials in which used. 

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 
2) Empire Tool and Manufacturing Co., Inc. 
3) Hilti Inc. 
4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 

 
3. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying 
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with MFMA-4 or MSS SP-58. 
4. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for attached structural 

element. 
5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
6. Toggle Bolts: All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

 
2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

 
A. Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of supported 

equipment. 
 

B. Materials: Comply with requirements in Division 05 Section "Metal Fabrications" for steel shapes and plates. 
 
PART 3 - EXECUTION 

 
3.1 APPLICATION 

 
A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and 

systems except if requirements in this Section are stricter. 
 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for EMT, IMC, and 
RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch in diameter. 

C. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or other support system, 
sized so capacity can be increased by at least 25 percent in future without exceeding specified design load 
limits. 
1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

 
D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch and 

smaller raceways serving branch circuits and communication systems above suspended ceilings and for 
fastening raceways to trapeze supports. 

 
3.2 SUPPORT INSTALLATION 

 
A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article. 

 
B. Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, and RMC may be 

supported by openings through structure members, as permitted in NFPA 70. 
 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate 
to carry present and future static loads within specified loading limits. Minimum static design load used for 
strength determination shall be weight of supported components plus 200 lb. 

 
D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items 

and their supports to building structural elements by the following methods unless otherwise indicated by code: 
1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on 

solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and 

nuts may be used in existing standard-weight concrete 4 inches thick or greater. Do not use for 
anchorage to lightweight-aggregate concrete or for slabs less than 4 inches thick. 

6. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers and nuts. 
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7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, panelboards, 

disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on 
slotted-channel racks attached to substrate. 

 
E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars. 

 
3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

 
A. Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-fabricated metal 

supports. 
 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and 
anchor electrical materials and equipment. 

 
C. Field Welding: Comply with AWS D1.1/D1.1M. 

 
3.4 CONCRETE BASES 

 
A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both directions than 

supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base. 
 

B. Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, reinforcement, and placement 
requirements are specified in Division 03 Sections "Cast-in-Place Concrete” and “Miscellaneous Cast-in-Place 
Concrete." 

 
C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, 
templates, diagrams, instructions, and directions furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 
 

A. Touchup: Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting 
hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for 
touching up field-painted surfaces. 
1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

 
B. Touchup: Comply with requirements in Division 09 painting Sections for cleaning and touchup painting of field 

welds, bolted connections, and abraded areas of shop paint on miscellaneous metal. 
 

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to 
comply with ASTM A 780.  

 
 
END OF SECTION 26 05 29 
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SECTION 26 05 33 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 
 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 
 

1.2 SUBMITTALS 
 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and 
cabinets. 

 
B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, details, and 

attachments to other work. 
 

1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 

 
B. Comply with NFPA 70. 

 
PART 2 - PRODUCTS 

 
2.1 METAL CONDUIT AND TUBING 

 
A. Rigid Steel Conduit: ANSI C80.1. 

 
B. IMC:  ANSI C80.6. 

 
C. EMT:  ANSI C80.3. 

 
D. FMC: Zinc-coated steel. 

 
E. LFMC: Flexible steel conduit with PVC jacket. 

 
F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable: NEMA FB 1; listed for 

type and size raceway with which used, and for application and environment in which installed. 

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886. 
2. Fittings for EMT: Steel Set Screw type. 

 
2.2 NONMETALLIC CONDUIT AND TUBING 

 
A. RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

 
B. LFNC: UL 1660. 

 
C. Fittings for RNC: NEMA TC 3; match to conduit or tubing type and material. 

 
D. Fittings for LFNC: UL 514B. 
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2.3 METAL WIREWAYS 
 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be 
incorporated into the Work include, but are not limited to, the following: 
1. Cooper B-Line, Inc. 
2. Hoffman. 
3. Square D; Schneider Electric. 

B. Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1, unless otherwise indicated. 
 

C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end 
caps, and other fittings to match and mate with wireways as required for complete system. 

 
D. Wireway Covers: Hinged type. 

 
E. Finish: Manufacturer's standard enamel finish. 

 
2.4 NONMETALLIC WIREWAYS 

 
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be 

incorporated into the Work include, but are not limited to, the following: 
1. Hoffman. 
2. Lamson & Sessions; Carlon Electrical Products. 

 
B. Description: PVC plastic, extruded and fabricated to size and shape indicated, with snap-on cover and 

mechanically coupled connections with plastic fasteners. 
 

C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end 
caps, and other fittings to match and mate with wireways as required for complete system. 

 
2.5 SURFACE RACEWAYS 

 
A. Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard enamel finish in color 

selected by Architect. 
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that 

may be incorporated into the Work include, but are not limited to, the following: 
a. Thomas & Betts Corporation. 
b. Walker Systems, Inc.; Wiremold Company (The). 
c. Wiremold Company (The); Electrical Sales Division. 

 
B. Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC with texture and color 

selected by Architect from manufacturer's standard colors. 
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that 

may be incorporated into the Work include, but are not limited to, the following: 
a. Butler Manufacturing Company; Walker Division. 
b. Enduro Systems, Inc.; Composite Products Division. 
c. Hubbell Incorporated; Wiring Device-Kellems Division. 
d. Lamson & Sessions; Carlon Electrical Products. 
e. Panduit Corp. 
f. Walker Systems, Inc.; Wiremold Company (The). 
g. Wiremold Company (The); Electrical Sales Division. 

 
2.6 BOXES, ENCLOSURES, AND CABINETS 

 
A. Sheet Metal Outlet and Device Boxes: NEMA OS 1. 
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B. Cast-Metal Outlet and Device Boxes: NEMA FB 1, ferrous alloy, Type FD, with gasketed cover. 

 
C. Nonmetallic Outlet and Device Boxes: NEMA OS 2. 

 
D. Metal Floor Boxes: Cast metal for slab on slab on grade or sheet metal, fully adjustable, rectangular. 

 
E. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

 
F. Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, cast aluminum with gasketed cover. 

 
G. Hinged-Cover Enclosures: NEMA 250, Type 1, with continuous-hinge cover with flush latch, unless otherwise 

indicated. 
1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel. 
2. Nonmetallic Enclosures: Plastic, finished inside with radio-frequency-resistant paint. 

 
H. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front, finished 
inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 

 
PART 3 - EXECUTION 

 
3.1 RACEWAY APPLICATION 

 
A. Outdoors: Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit: Rigid steel conduit. 
2. Concealed Conduit, Aboveground: EMT. 
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, 

or Motor-Driven Equipment): LFMC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

 
B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage: EMT or RNC. 
2. Exposed, Not Subject to Severe Physical Damage: RNC identified for such use. 
3. Exposed and Subject to Severe Physical Damage: Rigid steel conduit. Includes raceways in the 

following locations: 
a. Loading dock. 
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

 
4. Concealed in Ceilings and Interior Walls and Partitions: EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, 

or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations. 
6. Damp or Wet Locations: Rigid steel conduit. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in damp or wet 

locations. 
 

C. Minimum Raceway Size: 3/4-inch trade size. 
 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 
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1. Rigid  and  Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless otherwise 
indicated. 

 
3.2 INSTALLATION 

 
A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where 

requirements on Drawings or in this Article are stricter. 
 

B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. Install horizontal 
raceway runs above water and steam piping. 

 
C. Complete raceway installation before starting conductor installation. 

 
D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems." 

 
E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

 
F. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications 

conduits, for which fewer bends are allowed. 
 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated. 
H. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement. Where at right 
angles to reinforcement, place conduit close to slab support. 

2. Arrange raceways to cross building expansion joints at right angles with expansion fittings. 
3. Change from RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising above the floor. 

 
I. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect 

conductors, including conductors smaller than No. 4 AWG. 
 

J. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less than 200- lb 
tensile strength. Leave at least 12 inches of slack at each end of pull wire. 

 
K. Raceways for Optical Fiber and Communications Cable: Install as follows: 

1. 3/4-Inch Trade Size and Smaller: Install raceways in maximum lengths of 50 feet. 
2. 1-Inch Trade Size and Larger: Install raceways in maximum lengths of 75 feet. 
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless Drawings 

show stricter requirements. Separate lengths with pull or junction boxes or terminations at distribution 
frames or cabinets where necessary to comply with these requirements. 

 
L. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed sealing 

compound. For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a 
finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings at the following points: 
1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces. 
2. Where otherwise required by NFPA 70. 

 
M. Expansion-Joint Fittings for RNC: Install in each run of aboveground conduit that is located where environmental 

temperature change may exceed 30 deg F, and that has straight-run length that exceeds 25 feet. 
1. Install expansion-joint fittings for each of the following locations, and provide type and quantity of fittings 

that accommodate temperature change listed for location: 
a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature change. 
b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change. 
c. Indoor  Spaces: Connected  with  the  Outdoors  without  Physical  Separation: 125 deg F 

temperature change. 
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d. Attics: 135 deg F temperature change. 
 

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of 
straight run per deg F of temperature change. 

3. Install each expansion-joint fitting with position, mounting, and piston setting selected according to 
manufacturer's written instructions for conditions at specific location at the time of installation. 

 
N. Flexible Conduit Connections: Use maximum of 72 inches of flexible conduit for recessed and semirecessed 

lighting fixtures, equipment subject to vibration, noise transmission, or movement; and for transformers and 
motors. 
1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage. 

 
O. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box 

flush with surface of wall. 
 

P. Set metal floor boxes level and flush with finished floor surface. 
 
 

3.3 INSTALLATION OF UNDERGROUND CONDUIT 
 

A. Direct-Buried Conduit: 
1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom as 

specified in Division 31 Section "Earth Moving" for pipe less than 6 inches in nominal diameter. 
2. Install backfill as specified in Division 31 Section "Earth Moving." 
3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end of conduit  run, 

leaving conduit at end of run free to move with expansion and contraction as temperature changes during 
this process. Firmly hand tamp backfill around conduit to provide maximum supporting strength. After 
placing controlled backfill to within 12 inches of finished grade, make final conduit connection at end of 
run and complete backfilling with normal compaction as specified in Division 31 Section "Earth Moving." 

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through 
the floor, unless otherwise indicated. Encase elbows for stub-up ducts throughout the length of the elbow. 

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building 
entrances through the floor. 
a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 

inches of concrete. 
b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit horizontally a 

minimum of 60 inches from edge of equipment pad or foundation. Install insulated grounding 
bushings on terminations at equipment. 

 
6. The use of RNC Conduits of 2” or smaller is permitted to be installed under the floor slabs of any building 

of tilt wall construction. These conduits will be terminated at the finish floor line with an approved adapter 
and then transitioned to EMT, IMC or RMC. Conduits that enter into bottomless gutters installed under 
panels and on top of housekeeping pads can be RNC regardless of size. 

7. Warning Planks: Bury warning planks approximately 12 inches above direct-buried conduits, placing them 
24 inches o.c. Align planks along the width and along the centerline of conduit. 

 
3.4 FIRESTOPPING 

 
A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire- 

resistance rating of assembly. Firestopping materials and installation requirements are specified in Division 07 
Section "Penetration Firestopping." 

 
 
END OF SECTION 26 05 33 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. Section Includes: 

1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Underground-line warning tape. 
5. Warning labels and signs. 
6. Instruction signs. 
7. Equipment identification labels. 
8. Miscellaneous identification products. 

 
1.2 QUALITY ASSURANCE 

 
A. Comply with ANSI A13.1 

 
B. Comply with NFPA 70. 

 
C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

 
D. Comply with ANSI Z535.4 for safety signs and labels. 

 
E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label 

printers, shall comply with UL 969. 
 

1.3 COORDINATION 
 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in other Sections 
requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and the 
Operation and Maintenance Manual; and with those required by codes, standards, and 29 CFR 1910.145. Use 
consistent designations throughout Project. 

 
B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices 

are to be applied. 
 

C. Coordinate installation of identifying devices with location of access panels and doors. 
 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 
 

PART 2 - PRODUCTS 
 
2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

 
A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each 

raceway size. 
 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 
1. Black letters on an orange field 
2. Legend:  Indicate voltage. 
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C. Painted Junction Boxes Couplings for Raceways Carrying Circuits at 600 V or Less: All conduit system 

junction boxes (except those subject to view in public areas) are to be color coded as listed: 

COLOR CODE FOR JUNCTION BOXES 
 

Emergency Power 277/480 volt Orange 
Emergency Power 120/208 volt Light Orange 
Fire Alarm Red 
Normal Power 277/480 volt Leather Brown 
Normal Power 120/208 volt Glossy Black 
Fiber Optics Safety Purple 
Sound System Safety Yellow 
Intercom True Blue 
Computer/Data Bright Gold 
TV Glossy White 
BAS Violet 
Security/CCTV Beige 

 
D. Painted Color Bands for Raceways Carrying Circuits at 600 V or Less: Conduits longer than 20 feet are to be 

painted with the above listed color paint bands 20 feet on center. Paint band is to be 4” in length, applied around 
entire conduit. Where conduits are parallel on conduit racking, paint bands are to be evenly aligned. Paint is to 
be neatly applied and uniform. Paint boxes and raceways prior to installation or tape conduits and surrounding 
surfaces to avoid overspray. Paint overspray is to be removed. 

 
2.2 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

 
A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each 

raceway and cable size. 
 

B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant 
coating and matching wraparound adhesive tape for securing ends of legend label. 

 
C. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to 

suit diameter of raceway or cable it identifies and to stay in place by gripping action. 
 
2.3 CONDUCTOR IDENTIFICATION MATERIALS 

 
A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide. 

 
B. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine 

printed by thermal transfer or equivalent process. 
 

C. Single  Conductor Control Wires: Identify  with  pre-printed  sleeve  type  heat-shrink  marker, with wire 
number, at each termination. 

 
2.4 UNDERGROUND-LINE WARNING TAPE 

 
A. Tape: 

1. Recommended by manufacturer for the method of installation and suitable to identify and locate 
underground electrical and communications utility lines. 

2. Printing on tape shall be permanent and shall not be damaged by burial operations. 
3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, 

alkalis, and other destructive substances commonly found in soils. 
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B. Color and Printing: 

1. Comply with ANSI Z535.1 through ANSI Z535.5. 
2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE. 
3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS 

CABLE, OPTICAL FIBER CABLE. 
 
2.5 WARNING LABELS AND SIGNS 

 
A. Comply with NFPA 70 and 29 CFR 1910.145. 
B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, configured  for 

display on front cover, door, or other access to equipment unless otherwise indicated. 
 

C. Baked-Enamel Warning Signs: 
1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for 

application. 
2. 1/4-inch grommets in corners for mounting. 
3. Nominal size, 7 by 10 inches. 

 
D. Metal-Backed, Butyrate Warning Signs: 

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch 
galvanized-steel backing; and with colors, legend, and size required for application. 

2. 1/4-inch grommets in corners for mounting. 
3. Nominal size, 10 by 14 inches. 

 
E. Warning label and sign shall include, but are not limited to, the following example legends: 

1. Multiple  Power  Source  Warning: "DANGER  -  ELECTRICAL  SHOCK  HAZARD  -  EQUIPMENT  
HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL 
EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

 
2.6 INSTRUCTION SIGNS 

 
A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. inches and 1/8 

inch thick for larger sizes. 
1. Engraved legend with black letters on white face 
2. Punched or drilled for mechanical fasteners. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment. 

 
B. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent 

process. Minimum letter height shall be 3/8 inch. Overlay shall provide a weatherproof and UV- resistant seal for 
label. 

 
2.7 EQUIPMENT IDENTIFICATION LABELS 

 
A. Engraved, Laminated Acrylic, or Melamine Label: Punched or drilled for screw mounting. White letters on a dark 

gray background.  Minimum letter height shall be 3/8 inch. 
 
2.8 MISCELLANEOUS IDENTIFICATION PRODUCTS 

 
A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. 

Select paint system applicable for surface material and location (exterior or interior). 
 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts 
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and flat and lock washers. 
 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Verify identity of each item before installing identification products. 

 
B. Location: Install  identification materials  and  devices  at  locations  for  most  convenient viewing without 

interference with operation and maintenance of equipment. 
 

C. Apply identification devices to surfaces that require finish after completing finish work. 
 

D. Self-Adhesive Identification Products: Clean  surfaces  before  application,  using  materials and methods 
recommended by manufacturer of identification device. 

 
E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the 

location and substrate. 
F. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band  shall  completely 

encircle cable or conduit. Place adjacent bands of two-color markings in contact, side by side. Locate bands at 
changes in direction, at penetrations of walls and floors, at 50-foot maximum intervals in straight runs, and at 25-
foot maximum intervals in congested areas. 

 
G. Panelboard engraved labels shall be mechanically fastened using rivets or screws. 

 
H. Provide typed panel schedule for new panels or when circuits are added to existing panels. 

 
I. Underground-Line Warning Tape: During backfilling of trenches install continuous underground-line warning 

tape directly above line at 6 to 8 inches below finished grade. Use multiple tapes where width of multiple lines 
installed in a common trench or concrete envelope exceeds 16 inches overall. 

 
3.2 IDENTIFICATION SCHEDULE 

 
A. Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A, and 120 V to 

ground:  Identify with self-adhesive vinyl label.  Install labels at 30-foot maximum intervals. 
 

B. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the 
following systems with self-adhesive vinyl labels with the wiring system legend and system voltage. System 
legends shall be as follows: 

1. Emergency Power. 
2. Power. 
3. UPS. 

 
C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, 

manholes, and handholes, use color-coding conductor tape to identify the phase. 

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors listed below for 
ungrounded service, feeder, and branch-circuit conductors. 

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if authorities having 
jurisdiction permit. 

b. Colors for 208/120-V Circuits: 
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1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 

 
c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 

 
d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 

6 inches from terminal points and in boxes where splices or taps are made. Apply last two turns of 
tape with no tension to prevent possible unwinding. Locate bands to avoid obscuring factory cable 
markings. 

 
D. Install instructional sign including the color-code for grounded and ungrounded conductors using adhesive- film-

type labels. 
 

E. Conductors to Be Extended in the Future:  Attach marker tape to conductors and list source. 
 

F. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal 
connections. 
1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. 

Identify by system and circuit designation. 
2. Use system of marker tape designations that is uniform and consistent with system used by manufacturer 

for factory-installed connections. 
3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation  and 

Maintenance Manual. 
 

G. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting, communication, 
and control wiring and optical fiber cable. 

1. Limit use of underground-line warning tape to direct-buried cables. 
2. Install underground-line warning tape for both direct-buried cables and cables in raceway. 

 
H. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access to  live 

parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not 
install at flush-mounted panelboards and similar equipment in finished spaces. 

 
I. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-adhesive warning 

labels. 

1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover of equipment including, but 

not limited to, the following: 

a. Power transfer switches. 
b. Controls with external control power connections. 

 
J. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical 

systems and items to which they connect. Install instruction signs with approved legend where instructions are 
needed for system or equipment operation. 
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K. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with 
minimum 3/8-inch- high letters for emergency instructions at equipment used for power transfer. 

 
L. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent 

with wiring diagrams, schedules, and the Operation and Maintenance Manual. Apply labels to disconnect 
switches and protection equipment, central or master units, control panels, control stations, terminal cabinets, 
and racks of each system. Systems include power, lighting, control, communication,  signal, monitoring, and 
alarm systems unless equipment is provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine label. Unless otherwise 
indicated, provide a single line of text with 1/2-inch- high letters on 1-1/2-inch-high label; where two 
lines of text are required, use labels 2 inches high. Follow the Gulfstream panelboard labeling 
scheme. 

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label. 
c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the 

floor. 
d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical 

fasteners that do not change the NEMA or NRTL rating of the enclosure. 
 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by p a n e l b o a r d  
manufacturer.  Panelboard identification shall be engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Switchboards. 
e. Transformers: Label that includes tag designation shown on Drawings for the transformer, 

feeder, and panelboards or equipment supplied by the secondary. 
f. Emergency system boxes and enclosures. 
g. Enclosed switches. 
h. Enclosed circuit breakers. 
i. Enclosed controllers. 
j. Variable-speed controllers. 
k. Power transfer equipment. 
l. Power-generating units. 
m. Monitoring and control equipment. 

 
 

END OF SECTION 26 05 53 
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SECTION 26 05 73.13 - SHORT-CIRCUIT STUDIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes a computer-based, fault-current study to determine the minimum interrupting 
capacity of circuit protective devices. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. For computer software program to be used for studies. 
2. Submit the following after the approval of system protective devices submittals. 

Submittals shall be in digital form. 

a. Short-circuit study input data, including completed computer program input data 
sheets. 

b. Short-circuit study and equipment evaluation report; signed, dated, and sealed by 
a qualified professional engineer. 

1) Submit study report for action prior to receiving final approval of distribution 
equipment submittals. If formal completion of studies will cause delay in 
equipment manufacturing, obtain approval from Architect for preliminary 
submittal of sufficient study data to ensure that selection of devices and 
associated characteristics is satisfactory. 

2) Revised one-line diagram, reflecting field investigation results and results of 
short-circuit study. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: 

1. For Power Systems Analysis Software Developer. 
2. For Power System Analysis Specialist. 
3. For Field Adjusting Agency. 

B. Product Certificates: For short-circuit study software, certifying compliance with IEEE 399. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
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1.5 QUALITY ASSURANCE 

A. Study shall be performed using commercially developed and distributed software designed 
specifically for power system analysis. 

B. Software algorithms shall comply with requirements of standards and guides specified in this 
Section. 

C. Manual calculations are unacceptable. 

1. Power System Analysis Software Qualifications: Computer program shall be designed to 
perform short-circuit studies or have a function, component, or add-on module designed 
to perform short-circuit studies. 

2. Computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

D. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state 
where Project is located. All elements of the study shall be performed under the direct 
supervision and control of this professional engineer. 

E. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed and sealed by 
Power Systems Analysis Specialist. 

F. Field Adjusting Agency Qualifications: 

1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power 
Testing Level III certification responsible for all field adjusting of the Work. 

2. A member company of NETA. 
3. Acceptable to authorities having jurisdiction. 

PART 2 - PRODUCTS 

2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. CGI CYME. 
2. EDSA Micro Corporation. 
3. ESA Inc. 
4. Operation Technology, Inc. 
5. Power Analytics, Corporation. 
6. SKM Systems Analysis, Inc. 

B. Comply with IEEE 399 and IEEE 551. 

1. Analytical features of power systems analysis software program shall have capability to 
calculate "mandatory" features as listed in IEEE 399. 
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C. Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. 

2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS 

A. Executive summary of study findings. 

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, 
and guide for interpretation of results. 

C. One-line diagram of modeled power system, showing the following: 

1. Protective device designations and ampere ratings. 
2. Conductor types, sizes, and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, and panelboard designations and ratings. 
6. Derating factors and environmental conditions. 
7. Any revisions to electrical equipment required by the study. 

D. Comments and recommendations for system improvements or revisions in a written document, 
separate from one-line diagram. 

E. Protective Device Evaluation: 

1. Evaluate equipment and protective devices and compare to available short-circuit 
currents. Verify that equipment withstand ratings exceed available short-circuit current at 
equipment installation locations. 

2. Tabulations of circuit breaker, fuse, and other protective device ratings versus calculated 
short-circuit duties. 

3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or 
higher than calculated 1/2-cycle symmetrical fault current. 

4. For devices and equipment rated for asymmetrical fault current, apply multiplication 
factors listed in standards to 1/2-cycle symmetrical fault current. 

F. Short-Circuit Study Input Data: 

1. One-line diagram of system being studied. 
2. Power sources available. 
3. Manufacturer, model, and interrupting rating of protective devices. 
4. Conductors. 
5. Transformer data. 

G. Short-Circuit Study Output Reports: 

1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. Equivalent impedance. 
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2. Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. Calculated asymmetrical fault currents: 

1) Based on fault-point X/R ratio. 
2) Based on calculated symmetrical value multiplied by 1.6. 
3) Based on calculated symmetrical value multiplied by 2.7. 

3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical 

basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

PART 3 - EXECUTION 

3.1 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the study. 

B. Gather and tabulate the required input data to support the short-circuit study. Comply with 
requirements in Section 017839 "Project Record Documents" for recording circuit protective 
device characteristics. Record data on a Record Document copy of one-line diagram. Comply 
with recommendations in IEEE 551 as to the amount of detail that is required to be acquired in 
the field. Field data gathering shall be under direct supervision and control of the engineer in 
charge of performing the study, and shall be by the engineer or its representative who holds 
NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III 
certification. 

3.2 SHORT-CIRCUIT STUDY 

A. Perform study following the general study procedures contained in IEEE 399. 

B. Calculate short-circuit currents according to IEEE 551. 

C. Base study on device characteristics supplied by device manufacturer. 

D. Extent of electrical power system to be studied is indicated on Drawings. 
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E. Begin short-circuit current analysis at the service, extending down to system overcurrent 
protective devices as follows: 

1. To normal system low-voltage load buses where fault current is 10 kA or less. 
2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated 

less than 125 kVA. 

F. Study electrical distribution system from normal and alternate power sources throughout 
electrical distribution system for Project. Study all cases of system-switching configurations and 
alternate operations that could result in maximum fault conditions. 

G. Include the ac fault-current decay from induction motors, synchronous motors, and 
asynchronous generators and apply to low- and medium-voltage, three-phase ac systems. Also 
account for the fault-current dc decrement to address asymmetrical requirements of interrupting 
equipment. 

H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a 
single line-to-ground fault at each equipment indicated on one-line diagram. 

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as 
defined for the three-phase bolted fault short-circuit study. 

I. Include in the report identification of any protective device applied outside its capacity. 

END OF SECTION 26 05 73.13 
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SECTION 26 05 73.16 - COORDINATION STUDIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes computer-based, overcurrent protective device coordination studies to 
determine overcurrent protective devices and to determine overcurrent protective device 
settings for selective tripping. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. For computer software program to be used for studies. 
2. Submit the following after the approval of system protective devices submittals. 

Submittals shall be in digital form. 

a. Coordination-study input data, including completed computer program input data 
sheets. 

b. Study and equipment evaluation reports. 

3. Overcurrent protective device coordination study report; signed, dated, and sealed by a 
qualified professional engineer. 

a. Submit study report for action prior to receiving final approval of distribution 
equipment submittals. If formal completion of studies will cause delay in equipment 
manufacturing, obtain approval from Architect for preliminary submittal of sufficient 
study data to ensure that selection of devices and associated characteristics is 
satisfactory. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: 

1. For Power System Analysis Software Developer. 
2. For Power Systems Analysis Specialist. 
3. For Field Adjusting Agency. 

B. Product Certificates: For overcurrent protective device coordination study software, certifying 
compliance with IEEE 399. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
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1.5 QUALITY ASSURANCE 

A. Studies shall be performed using commercially developed and distributed software designed 
specifically for power system analysis. 

B. Software algorithms shall comply with requirements of standards and guides specified in this 
Section. 

C. Manual calculations are unacceptable. 

D. Power System Analysis Software Qualifications: 

1. Computer program shall be designed to perform coordination studies or have a function, 
component, or add-on module designed to perform coordination studies. 

2. Computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

E. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state 
where Project is located. All elements of the study shall be performed under the direct 
supervision and control of this professional engineer. 

F. Field Adjusting Agency Qualifications: 

1. Employer of a NETA ETT-Certified Technician Level III responsible for all field adjusting 
of the Work. 

2. A member company of NETA. 
3. Acceptable to authorities having jurisdiction. 

PART 2 - PRODUCTS 

2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. CGI CYME. 
2. EDSA Micro Corporation. 
3. ESA Inc. 
4. Operation Technology, Inc. 
5. Power Analytics, Corporation. 
6. SKM Systems Analysis, Inc. 

B. Comply with IEEE 242 and IEEE 399. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate "mandatory" features as listed in IEEE 399. 

D. Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. Computer software program shall report device 
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settings and ratings of all overcurrent protective devices and shall demonstrate selective 
coordination by computer-generated, time-current coordination plots. 

2.2 COORDINATION STUDY REPORT CONTENTS 

A. Executive summary of study findings. 

B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, 
and guide for interpretation of results. 

C. One-line diagram of modeled power system, showing the following: 

1. Protective device designations and ampere ratings. 
2. Conductor types, sizes, and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, and panelboard designations. 
6. Any revisions to electrical equipment required by the study. 
7. Study Input Data: As described in "Power System Data" Article. 

a. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" 
Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 
"Short-Circuit Studies." 

D. Protective Device Coordination Study: 

1. Report recommended settings of protective devices, ready to be applied in the field. Use 
manufacturer's data sheets for recording the recommended setting of overcurrent 
protective devices when available. 

a. Phase and Ground Relays: 

1) Device tag. 
2) Relay current transformer ratio and tap, time dial, and instantaneous pickup 

value. 
3) Recommendations on improved relaying systems, if applicable. 

b. Circuit Breakers: 

1) Adjustable pickups and time delays (long time, short time, and ground). 
2) Adjustable time-current characteristic. 
3) Adjustable instantaneous pickup. 
4) Recommendations on improved trip systems, if applicable. 

c. Fuses: Show current rating, voltage, and class. 

E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to 
achieve selective coordination. Graphically illustrate that adequate time separation exists 
between devices installed in series, including power utility company's upstream devices. 
Prepare separate sets of curves for the switching schemes and for emergency periods where 
the power source is local generation. Show the following information: 
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1. Device tag and title, one-line diagram with legend identifying the portion of the system 
covered. 

2. Terminate device characteristic curves at a point reflecting maximum symmetrical or 
asymmetrical fault current to which the device is exposed. 

3. Identify the device associated with each curve by manufacturer type, function, and, if 
applicable, tap, time delay, and instantaneous settings recommended. 

4. Plot the following listed characteristic curves, as applicable: 

a. Power utility's overcurrent protective device. 
b. Low-voltage fuses including manufacturer's minimum melt, total clearing, 

tolerance, and damage bands. 
c. Low-voltage equipment circuit-breaker trip devices, including manufacturer's 

tolerance bands. 
d. Transformer full-load current, magnetizing inrush current, and ANSI through-fault 

protection curves. 
e. Ground-fault protective devices. 
f. The largest feeder circuit breaker in each motor-control center and panelboard. 

5. Maintain selectivity for tripping currents caused by overloads. 
6. Provide adequate time margins between device characteristics such that selective 

operation is achieved. 
7. Comments and recommendations for system improvements. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical 
distribution system coordination requirements and other conditions affecting performance of the 
Work. Devices to be coordinated are indicated on Drawings. 

1. Proceed with coordination study only after relevant equipment submittals have been 
assembled. Overcurrent protective devices that have not been submitted and approved 
prior to coordination study may not be used in study. 

3.2 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the overcurrent protective device study. 

1. Verify completeness of data supplied in one-line diagram on Drawings. Call any 
discrepancies to Architect's attention. 

2. For equipment included as Work of this Project, use characteristics submitted under 
provisions of action submittals and information submittals for this Project. 

B. Gather and tabulate all required input data to support the coordination study. List below is a 
guide. Comply with recommendations in IEEE 551 for the amount of detail required to be 
acquired in the field. Field data gathering shall be under direct supervision and control of the 
engineer in charge of performing the study, and shall be by the engineer or its representative 
who holds NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III 
certification. 
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3.3 COORDINATION STUDY 

A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time 
intervals. 

B. Comply with IEEE 399 for general study procedures. 

C. Base study on device characteristics supplied by device manufacturer. 

D. Extent of electrical power system to be studied is indicated on Drawings. 

E. Begin analysis at the service, extending down to system overcurrent protective devices as 
follows: 

1. To normal system low-voltage load buses where fault current is 10 kA or less. 
2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated 

less than 125 kVA. 

F. Study electrical distribution system from normal and alternate power sources throughout 
electrical distribution system for Project. Study all cases of system-switching configurations and 
alternate operations that could result in maximum fault conditions. 

G. Transformer Primary Overcurrent Protective Devices: 

1. Device shall not operate in response to the following: 

a. Inrush current when first energized. 
b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is 

specified for that transformer. 
c. Permissible transformer overloads according to IEEE C57.96 if required by 

unusual loading or emergency conditions. 

2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents. 

H. Motor Protection: 

1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70. 
2. Select protection for motors served at voltages more than 600 V according to IEEE 620. 

I. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-
32-382, ICEA P-45-482, and protection recommendations in IEEE 242. Demonstrate that 
equipment withstands the maximum short-circuit current for a time equivalent to the tripping 
time of the primary relay protection or total clearing time of the fuse. To determine temperatures 
that damage insulation, use curves from cable manufacturers or from listed standards indicating 
conductor size and short-circuit current. 

J. Generator Protection: Select protection according to manufacturer's written instructions and to 
IEEE 242. 

K. Include the ac fault-current decay from induction motors and apply to low- and medium-voltage, 
three-phase ac systems. Also account for fault-current dc decrement, to address asymmetrical 
requirements of interrupting equipment. 
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L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a 
single line-to-ground fault at each equipment indicated on one-line diagram. 

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as 
defined for the three-phase bolted fault short-circuit study. 

M. Protective Device Evaluation: 

1. Evaluate equipment and protective devices and compare to short-circuit ratings. 
2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand 

short-circuit stresses. 
3. Include in the report identification of any protective device applied outside its capacity. 

3.4 LOAD-FLOW AND VOLTAGE-DROP STUDY 

A. Perform a load-flow and voltage-drop study to determine the steady-state loading profile of the 
system. Analyze power system performance two times as follows: 

1. Determine load flow and voltage drop based on full-load currents obtained in "Power 
System Data" Article. 

2. Determine load flow and voltage drop based on 80 percent of the design capacity of load 
buses. 

3. Prepare load-flow and voltage-drop analysis and report to show power system 
components that are overloaded, or might become overloaded; show bus voltages that 
are less than as prescribed by NFPA 70. 

3.5 MOTOR-STARTING STUDY 

A. Prepare the motor-starting study report, noting light flicker for limits proposed by IEEE 141, and 
voltage sags so as not to affect operation of other utilization equipment on system supplying the 
motor. 

3.6 FIELD ADJUSTING 

A. Adjust relay and protective device settings according to recommended settings provided by the 
coordination study. Field adjustments shall be completed by the engineering service division of 
equipment manufacturer under the "Startup and Acceptance Testing" contract portion. 

B. Make minor modifications to equipment as required to accomplish compliance with short-circuit 
and protective device coordination studies. 

C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who holds 
NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III 
certification. 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. Perform NETA tests and inspections for all 
adjustable overcurrent protective devices. 
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3.7 DEMONSTRATION 

A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in the 
following: 

1. Acquaint personnel in fundamentals of operating the power system in normal and 
emergency modes. 

2. Hand-out and explain the coordination study objectives, study descriptions, purpose, 
basis, and scope. Include case descriptions, definition of terms, and guide for interpreting 
time-current coordination curves. 

3. For Owner's maintenance staff certified as NETA ETT-Certified Technicians Level III or 
NICET Electrical Power Testing Level III Technicians, teach how to adjust, operate, and 
maintain overcurrent protective device settings. 

END OF SECTION 26 05 73.16 
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SECTION 26 05 73.19 - ARC-FLASH HAZARD ANALYSIS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance 
and the incident energy to which personnel could be exposed during work on or near electrical 
equipment. 

1.2 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Study Submittals: Submit the following submittals after the approval of system protective 
devices submittals. Submittals shall be in digital form: 

1. Arc-flash study input data, including completed computer program input data sheets. 
2. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis Specialist. 
3. Submit study report for action prior to receiving final approval of distribution equipment 

submittals. If formal completion of studies will cause delay in equipment manufacturing, 
obtain approval from Architect for preliminary submittal of sufficient study data to ensure 
that selection of devices and associated characteristics is satisfactory. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: 

1. For Power Systems Analysis Software Developer. 
2. For Power System Analysis Specialist. 
3. For Field Adjusting Agency. 

B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with 
IEEE 1584 and NFPA 70E. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Study shall be performed using commercially developed and distributed software designed 
specifically for power system analysis. 

B. Software algorithms shall comply with requirements of standards and guides specified in this 
Section. 
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C. Manual calculations are unacceptable. 

D. Power System Analysis Software Qualifications: An entity that owns and markets computer 
software used for studies, having performed successful studies of similar magnitude on 
electrical distribution systems using similar devices. 

1. Computer program shall be designed to perform arc-flash analysis or have a function, 
component, or add-on module designed to perform arc-flash analysis. 

2. Computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

E. Power Systems Analysis Specialist Qualifications: Professional engineer in charge of 
performing the arc-flash study, analyzing the arc flash, and documenting recommendations, 
licensed in the state where Project is located. All elements of the study shall be performed 
under the direct supervision and control of this professional engineer. 

F. Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power 
Systems Analysis Specialist. 

G. Field Adjusting Agency Qualifications: 

1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power 
Testing Level III certification responsible for all field adjusting of the Work. 

2. A member company of NETA. 
3. Acceptable to authorities having jurisdiction. 

PART 2 - PRODUCTS 

2.1 COMPUTER SOFTWARE DEVELOPERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. CGI CYME. 
2. EDSA Micro Corporation. 
3. ESA Inc. 
4. Operation Technology, Inc. 
5. Power Analytics, Corporation. 
6. SKM Systems Analysis, Inc. 

B. Comply with IEEE 1584 and NFPA 70E. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate "mandatory" features as listed in IEEE 399. 

2.2 ARC-FLASH STUDY REPORT CONTENT 

A. Executive summary of study findings. 

http://www.specagent.com/Lookup?ulid=1919
http://www.specagent.com/Lookup?ulid=1919
http://www.specagent.com/Lookup?uid=123457102113
http://www.specagent.com/Lookup?uid=123457102113
http://www.specagent.com/Lookup?uid=123457102114
http://www.specagent.com/Lookup?uid=123457102114
http://www.specagent.com/Lookup?uid=123457102115
http://www.specagent.com/Lookup?uid=123457102115
http://www.specagent.com/Lookup?uid=123457102116
http://www.specagent.com/Lookup?uid=123457102116
http://www.specagent.com/Lookup?uid=123457102117
http://www.specagent.com/Lookup?uid=123457102117
http://www.specagent.com/Lookup?uid=123457102118
http://www.specagent.com/Lookup?uid=123457102118
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B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, 
and guide for interpretation of results. 

C. One-line diagram, showing the following: 

1. Protective device designations and ampere ratings. 
2. Conductor types, sizes, and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings, including derating factors and 

environmental conditions. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, panelboard designations, and ratings. 

D. Study Input Data: As described in "Power System Data" Article. 

E. Short-Circuit Study Output Data: As specified in "Short-Circuit Study Output Reports" Paragraph 
in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies." 

F. Protective Device Coordination Study Report Contents: As specified in "Coordination Study 
Report Contents" Article in Section 260573.16 "Coordination Studies." 

G. Arc-Flash Study Output Reports: 

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each equipment location included in the report: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical 

basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

H. Incident Energy and Flash Protection Boundary Calculations: 

1. Arcing fault magnitude. 
2. Protective device clearing time. 
3. Duration of arc. 
4. Arc-flash boundary. 
5. Restricted approach boundary. 
6. Limited approach boundary. 
7. Working distance. 
8. Incident energy. 
9. Hazard risk category. 
10. Recommendations for arc-flash energy reduction. 

I. Fault study input data, case descriptions, and fault-current calculations including a definition of 
terms and guide for interpretation of computer printout. 
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2.3 ARC-FLASH WARNING LABELS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for self-
adhesive equipment labels. Produce a 3.5-by-5-inch (76-by-127-mm) self-adhesive equipment 
label for each work location included in the analysis. 

B. Label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," and 
shall include the following information taken directly from the arc-flash hazard analysis: 

1. Location designation. 
2. Nominal voltage. 
3. Protection boundaries. 

a. Arc-flash boundary. 
b. Restricted approach boundary. 
c. Limited approach boundary. 

4. Arc flash PPE category. 
5. Required minimum arc rating of PPE in Cal/cm squared. 
6. Available incident energy. 
7. Working distance. 
8. Engineering report number, revision number, and issue date. 

C. Labels shall be machine printed, with no field-applied markings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only 
after relevant equipment submittals have been assembled. Overcurrent protective devices that 
have not been submitted and approved prior to arc-flash study may not be used in study. 

3.2 ARC-FLASH HAZARD ANALYSIS 

A. Comply with NFPA 70E and its Annex D for hazard analysis study. 

B. Preparatory Studies: Perform the Short-Circuit and Protective Device Coordination studies prior 
to starting the Arc-Flash Hazard Analysis. 

1. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" 
Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-
Circuit Studies." 

2. Coordination Study Report Contents: As specified in "Coordination Study Report 
Contents" Article in Section 260573.16 "Coordination Studies." 

C. Calculate maximum and minimum contributions of fault-current size. 

1. Maximum calculation shall assume a maximum contribution from the utility and shall 
assume motors to be operating under full-load conditions. 
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2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according to 
IEEE 1584 recommendations. 

3. Calculate arc-flash energy at 38 percent of maximum short-circuit current according to 
NFPA 70E recommendations. 

4. Calculate arc-flash energy with the utility contribution at a minimum and assume no motor 
contribution. 

D. Calculate the arc-flash protection boundary and incident energy at locations in electrical 
distribution system where personnel could perform work on energized parts. 

E. Include low-voltage equipment locations, except equipment rated 240 V ac or less fed from 
transformers less than 125 kVA. 

F. Calculate the limited, restricted, and prohibited approach boundaries for each location. 

G. Incident energy calculations shall consider the accumulation of energy over time when 
performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take 
into account the changing current contributions, as the sources are interrupted or decremented 
with time. Fault contribution from motors and generators shall be decremented as follows: 

1. Fault contribution from induction motors shall not be considered beyond three to five 
cycles. 

H. Arc-flash energy shall generally be reported for the maximum of line or load side of a circuit 
breaker. However, arc-flash computation shall be performed and reported for both line and load 
side of a circuit breaker as follows: 

1. When the circuit breaker is in a separate enclosure. 
2. When the line terminals of the circuit breaker are separate from the work location. 

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum 
clearing time at two seconds based on IEEE 1584, Section B.1.2. 

3.3 POWER SYSTEM DATA 

A. Obtain all data necessary for conduct of the arc-flash hazard analysis. 

1. Verify completeness of data supplied on one-line diagram on Drawings and under 
"Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call 
discrepancies to Architect's attention. 

2. For new equipment, use characteristics from approved submittals under provisions of 
action submittals and information submittals for this Project. 

3.4 LABELING 

A. Apply one arc-flash label on the front cover of each section of the equipment for each 
equipment included in the study. Base arc-flash label data on highest values calculated at each 
location. 

B. Each piece of equipment listed below shall have an arc-flash label applied to it: 
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1. Motor-control center. 
2. Low-voltage switchboard. 
3. Switchgear. 
4. Medium-voltage switch. 
5. Medium voltage transformers 
6. Low voltage transformers. Exclude transformers with high voltage side 240 V or less and 

less than 125 kVA. 
7. Panelboard and safety switch over 250 V. 
8. Applicable panelboard and safety switch under 250 V. 
9. Control panel. 

C. Note on record Drawings the location of equipment where the personnel could be exposed to 
arc-flash hazard during their work. 

1. Indicate arc-flash energy. 
2. Indicate protection level required. 

3.5 APPLICATION OF WARNING LABELS 

A. Install arc-flash warning labels under the direct supervision and control of Power System 
Analysis Specialist. 

3.6 DEMONSTRATION 

A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in potential 
arc-flash hazards associated with working on energized equipment and the significance of arc-
flash warning labels. 

END OF SECTION 26 05 73.19 
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SECTION 26 09 23 - LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes the following lighting control devices: 

1. Time switches. 
2. Outdoor photoelectric switches. 
3. Indoor occupancy sensors. 
4. Lighting contactors. 
5. Emergency shunt relay. 

 
B. See Division 26 Section "Wiring Devices" for wall-box dimmers, wall-switch occupancy sensors, and manual 

light switches. 
 

1.2 SUBMITTALS 
 

A. Product Data: For each type of product indicated. 
 

B. Field quality-control test reports. 
 

C. Operation and maintenance data. 
 

1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 
 

1.4 WARRANTY 
 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control devices that fail(s) 
in materials or workmanship within specified warranty period. 
 
1. Warranty Period: Two year(s) from date of Substantial Completion. 
 

 
PART 2 - PRODUCTS 

 
2.1 TIME SWITCHES 

 
A. Electronic Time Switches: Electronic, solid-state programmable units with alphanumeric display; complying with 

UL 917. 

1. Contact Configuration: As indicated on drawings. 
2. Contact Rating: 30-A inductive or resistive, 240-V ac. 
3. Program: 8 on-off set points on a 24-hour schedule and an annual holiday schedule that overrides the 

weekly operation on holidays. 
4. Program: 2 on-off set points on a 24-hour schedule, allowing different set points for each day of the week 

and an annual holiday schedule that overrides the weekly operation on holidays. 
5. Programs: 8 channels; each channel shall be individually programmable with 8 on-off set points on a 24-

hour schedule. 
6. Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a program on 
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selected channels. 
7. Astronomic Time: All channels. 
8. Battery Backup: For schedules and time clock. 

 
2.2 OUTDOOR PHOTOELECTRIC SWITCHES 

 
A. Description: Solid state, with DPST dry contacts rated for 1800-VA tungsten or 1000-VA inductive, to operate 

connected relay, contactor coils, or microprocessor input; complying with UL 773A. 
1. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off levels within that 

range, and a directional lens in front of photocell to prevent fixed light sources from causing turn- off. 
2. Time Delay: 15-second minimum, to prevent false operation. 
3. Surge Protection: Metal-oxide varistor, complying with IEEE C62.41.1, IEEE C62.41.2, and IEEE 62.45 

for Category A1 locations. 
4. Mounting: Twist lock complying with IEEE C136.10, with base-and-stem mounting or stem-and-swivel 

mounting accessories as required to direct sensor to the north sky exposure. 
 

B. Description: Solid state, with DPST dry contacts rated for 1800 VA to operate connected load, relay, or contactor 
coils; complying with UL 773. 

1. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off levels within that 
range. 

2. Time Delay: 30-second minimum, to prevent false operation. 
3. Lightning Arrester: Air-gap type. 
4. Mounting: Twist lock complying with IEEE C136.10, with base. 

 
2.3 INDOOR OCCUPANCY SENSORS 

 
A. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on 

Drawings: 

1. Acuity nLight / Sensor Switch. 
2. Approved equal. 

 
B. General Description: Wall- or ceiling-mounting, solid-state units with a separate relay unit. 

1. Operation: Unless otherwise indicated, turn lights on when covered area is occupied and off when 
unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes. 

2. Sensor Output: Contacts rated to operate the connected relay, complying with UL 773A. Sensor shall be 
powered from the relay unit. 

3. Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 120-V ac, 
and for 1 hp at 120-V ac. Power supply to sensor shall be 24-V dc, 150-mA, Class 2 power source as 
defined by NFPA 70. 

4. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door. 

 
5. Indicator: LED, to show when motion is being detected during testing and normal operation of the sensor. 
6. Bypass Switch: Override the on function in case of sensor failure. 
7. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; keep lighting off when selected lighting level is 

present. 
8. Field adjustable to Vacancy Sensor (manual on / auto off) operation. 
9. CAT5e or CAT6 network cabling shall be used to interconnect with relay units and low voltage switching. 
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C. PIR Type: Ceiling mounting; detect occupancy by sensing a combination of heat and movement in area of 

coverage. 

1. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of any portion of a human body 
that presents a target of not less than 36 sq. in. 

2. Detection Coverage (Room): Detect occupancy anywhere in a circular area of 1000 sq. ft. when 
mounted on a 96-inch- high ceiling. 

3. Detection Coverage (Corridor): Detect occupancy within 90 feet when mounted on a 10-foot- high ceiling. 
 
2.4 OUTDOOR MOTION SENSORS (PIR) 

D. Performance Requirements: Suitable for operation in ambient temperatures ranging from minus 40 to plus 130 
deg F, rated as raintight according to UL 773A. 

1. Operation: Turn lights on when sensing infrared energy changes between background and moving body 
in area of coverage; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 
minutes. 

2. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outdoor junction box. 
b. Relay: Internally mounted in a standard weatherproof electrical enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door. 

 
3. Bypass Switch: Override the on function in case of sensor failure. 
4. Automatic Light-Level Sensor: Adjustable from 1 to 20 fc; keep lighting off during daylight hours. 

 
E. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of any portion of a human body  that 

presents a target of not less than 36 sq. in.. 
 

F. Detection Coverage: Up to 35 feet, with a field of view of 180 degrees. 
 

G. Lighting Fixture Mounted Sensor: Suitable for switching 300 W of tungsten load at 120- or 277-V ac. 
 

H. Individually Mounted Sensor: Contacts rated to operate the connected relay, complying with UL 773A. 
Sensor shall be powered from the relay unit. 

1. Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 120-V ac, 
and for 1 hp at 120-V ac. Power supply to sensor shall be 24-V dc, 150-mA, Class 2 power source as 
defined by NFPA 70. 

2. Indicator: LED, to show when motion is being detected during testing and normal operation of the sensor. 
 

2.4 LIGHTING CONTACTORS 
 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be 
incorporated into the Work include, but are not limited to, the following: 
1. Square D; Schneider Electric. 

 
B. Description: Electrically operated and mechanically held, combination type with nonfused disconnect, 

complying with NEMA ICS 2 and UL 508. 
1. Current Rating for Switching: Listing or rating consistent with type of load served, including tungsten 

filament, inductive, and high-inrush ballast (ballast with 15 percent or less total harmonic distortion of 
normal load current). 

2. Fault  Current Withstand Rating: Equal to or exceeding the available fault current at the point of 
installation. 
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3. Enclosure: Comply with NEMA 250. 
4. Provide with control and pilot devices as scheduled, matching the NEMA type specified for the enclosure. 

 
2.5 EMERGENCY SHUNT RELAY 

 
A. Description: Normally closed, electrically held relay, arranged for wiring in parallel with manual or automatic 

switching contacts; complying with UL 924. 
1. Coil Rating: 277 V. 

 
2.6 CONDUCTORS AND CABLES 

 
A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG. Comply with 

requirements in Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 
 

B. Classes 2 and 3 Control Cable:   Multiconductor cable with stranded-copper conductors not smaller than   No. 
18 AWG. Comply with requirements in Division 26 Section "Low-Voltage Electrical Power Conductors  and 
Cables." 

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 14 AWG. 
Comply with requirements in Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

 
PART 3 - EXECUTION 

 
3.1 SENSOR INSTALLATION 

 
A. Install and aim sensors in locations to achieve not less than 90 percent coverage of areas indicated. Do not 

exceed coverage limits specified in manufacturer's written instructions. 
 

B. When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting 
sensors to suit actual occupied conditions. Provide up to two visits to Project during other than normal 
occupancy hours for this purpose. 

 
3.2 CONTACTOR INSTALLATION 

 
A. Mount electrically held lighting contactors with elastomeric isolator pads, to eliminate structure-borne vibration, 

unless contactors are installed in an enclosure with factory-installed vibration isolators. 
 

3.3 WIRING INSTALLATION 
 

A. Wiring Method: Comply with Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 
Minimum conduit size shall be 3/4 inch. 

 
B. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-limited conductors 

according to conductor manufacturer's written instructions. 
 

C. Size conductors according to lighting control device manufacturer's written instructions, unless otherwise 
indicated. 

 
D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet 

boxes; terminal cabinets; and equipment enclosures. 
 

3.4 IDENTIFICATION 
 

A. Identify components and power and control wiring according to Division 26 Section "Identification for Electrical 
Systems." 
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1. Identify controlled circuits in lighting contactors. 
2. Identify circuits or luminaries controlled by photoelectric and occupancy sensors at each sensor. 

 
B. Label time switches and contactors with a unique designation. 

 
3.5 FIELD QUALITY CONTROL 

 
A. Perform the following field tests and inspections and prepare test reports: 

1. After installing time switches and sensors, and after electrical circuitry has been energized, adjust and 
test for compliance with requirements. 

2. Operational Test: Verify operation of each lighting control device, and adjust time delays. 
 

B. Lighting control devices that fail tests and inspections are defective work. 
 
 
END OF SECTION 26 09 23 
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SECTION 26 22 00 - LOW-VOLTAGE TRANSFORMERS 
 
PART 1 - GENERAL 

 
1.1 SUMMARY 

 
A. This Section includes the following types of dry-type transformers rated 600 V and less, with capacities up to 

1000 kVA: 
1. Distribution transformers. 
2. Buck-boost transformers.  

 
1.2 SUBMITTALS 

 
A. Product Data: For each product indicated. 

 
B. Shop Drawings: Indicate dimensions and weights. 

1. Wiring Diagrams: Power, signal, and control wiring. 
 

C. Field quality-control test reports. 
 

D. Operation and maintenance data. 
 
1.3 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a 

testing agency acceptable to authorities having jurisdiction, and marked for intended use. 
 

B. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers." 
 

1.4 WARRANTY 
 

A. Provide manufacturer’s standard warranty. 
 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Manufacturers: Subject to compliance with requirements, provide: 

1. Square D; Schneider Electric. 
 
2.2 GENERAL TRANSFORMER REQUIREMENTS 

 
A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service. 

 
B. Cores: Grain-oriented, non-aging silicon steel. 

 
C. Coils: Continuous windings without splices except for taps. 

1. Internal Coil Connections: Brazed or pressure type. 
2. Coil Material: Copper. 

 
2.3 DISTRIBUTION TRANSFORMERS 

 
A. Comply with NEMA ST 20, and list and label as complying with UL 1561. 
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B. Cores: One leg per phase. 

 
C. Enclosure: Ventilated, NEMA 250, Type 2. 

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air. 
 

D. Transformer Enclosure Finish: Comply with NEMA 250. 
1. Finish Color: Gray. 

 
E. Taps for Transformers Smaller than 3 kVA: One 5 percent tap above normal full capacity. 
F. Taps for Transformers 7.5 to 24 kVA: Two 5 percent taps below rated voltage. 

 
G. Taps for Transformers 25 kVA and Larger: Two 2.5 percent taps above and four 2.5 percent taps below normal 

full capacity. 
 

H. Insulation Class: 220 deg C, UL-component-recognized insulation system with a maximum of 150 deg C rise 
above 40 deg C ambient temperature. 

 
I. Energy Efficiency for Transformers Rated 15 kVA and Larger: 

1. Complying with NEMA TP 1, Class 1 efficiency levels. 
2. Tested according to NEMA TP 2. 

 
J. K-Factor Rating: Transformers indicated to be K-factor rated shall comply with UL 1561 requirements for 

nonsinusoidal load current-handling capability to the degree defined by designated K-factor. 
1. Unit shall not overheat when carrying full-load current with harmonic distortion corresponding to 

designated K-factor. 
2. Indicate value of K-factor on transformer nameplate. 

 
K. Electrostatic Shielding: Each winding shall have an independent, single, full-width copper electrostatic shield 

arranged to minimize interwinding capacitance. 
 

L. Wall Brackets: Manufacturer's standard brackets. 
 
2.4 BUCK-BOOST TRANSFORMERS 

 
A. Description: Self-cooled, two-winding dry type, rated for continuous duty and with wiring terminals suitable for 

connection as autotransformer. Transformers shall comply with NEMA ST 1 and shall be listed and  labeled as 
complying with UL 506 or UL 1561. 

 
B. Enclosure: Ventilated, NEMA 250, Type 2. 

1. Finish Color: Gray. 
 
2.5 IDENTIFICATION DEVICES 

 
A. Nameplates: Engraved,  laminated-plastic  or metal nameplate. Nameplates are specified in Division 26 

Section "Identification for Electrical Systems." 
 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer manufacturer. 

1. Brace wall-mounting transformers as specified. 
  



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                             LOW-VOLTAGE TRANSFORMERS 26 22 00 - 3  

B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written 
instructions and requirements in Division 26 Section "Hangers and Supports for Electrical Systems." 

 
3.2 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections. 

 
B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing 
Specification. Certify compliance with test parameters. 

2. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of transformer 
connections. 
a. Use an infrared-scanning device designed to measure temperature or detect significant deviations 

from normal values. Provide documentation of device calibration. 
b. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11  months 

after Substantial Completion. 
c. Prepare a certified report identifying transformer checked and describing results of scanning. 

Include notation of deficiencies detected, remedial action taken, and scanning observations after 
remedial action. 

 
3.3 ADJUSTING 

 
A. Adjust transformer taps to provide optimum voltage conditions at secondary terminals. Optimum is defined as 

not exceeding nameplate voltage plus 10 percent and not being lower than nameplate voltage minus 3 percent 
at maximum load conditions. Submit recording and tap settings as test results. 

 
B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, plus or minus 5 

percent, at secondary terminals. 
 

C. Output Settings Report: Prepare a written report recording output voltages and tap settings. 
 
 
END OF SECTION 26 22 00 
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SECTION 26 24 16 - PANELBOARDS 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards. 
 

1.2 SUBMITTALS 
 

A. Product Data: For each type of product indicated. 
 

B. Shop Drawings: For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details. Show tabulations of installed devices, 
equipment features, and ratings. 

2. Detail enclosure types and details for types other than NEMA 250, Type 1. 
3. Detail bus configuration, current, and voltage ratings. 
4. Short-circuit current rating of panelboards and overcurrent protective devices. 
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices 

and auxiliary components. 
6. Include wiring diagrams for power, signal, and control wiring. 
7. Include time-current coordination curves for each type and rating of overcurrent protective device included 

in panelboards. 
 

C. Field quality-control reports. 
 

D. Panelboard schedules for installation in panelboards. 
 

E. Operation and maintenance data. 
 

1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

 
B. Comply with NEMA PB 1. 

 
C. Comply with NFPA 70. 

 
1.4 WARRANTY 

 
A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace transient 

voltage suppression devices that fail in materials or workmanship within specified warranty period. 
1. Warranty Period: Five years from date of Substantial Completion. 

 
PART 2 - PRODUCTS 

 
2.1 GENERAL REQUIREMENTS FOR PANELBOARDS 

 
A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces.  

 
B. Enclosures: Flush- and surface-mounted cabinets. 
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1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations: NEMA 250, Type 1. 
b. Outdoor Locations: NEMA 250, Type 4X. 
c. Kitchen and Wash-Down Areas: NEMA 250, Type 4X. 
d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 

2. Front: Secured  to  box  with  concealed  trim  clamps. For surface-mounted fronts, match box 
dimensions; for flush-mounted fronts, overlap box. 

3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover. 
4. Directory Card: Inside panelboard door, mounted in transparent card holder. 

 
C. Incoming Mains Location: Bottom. 

 
D. Phase, Neutral, and Ground Buses: Aluminum. 

 
E. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material: Tin plated aluminum. 
2. Main and Neutral Lugs: Mechanical type. 
3. Ground Lugs and Bus Configured Terminators: Compression type. 
4. Feed-Through Lugs: Mechanical type, suitable for use with conductor material.  Locate at opposite  end of 

bus from incoming lugs or main device. 
5. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material.  Locate at same  end of 

bus as incoming lugs or main device. 
 

F. Service Equipment Label: NRTL labeled for use as service equipment for panelboards with one or more main 
service disconnecting and overcurrent protective devices. 

 
G. Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances required for 

future installation of devices. 
 

H. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at 
terminals. 

 
2.2 DISTRIBUTION PANELBOARDS 

 
A. Basis of Design: Subject to compliance with requirements, provide Square D; a brand of Schneider Electric. 

 
B. Panelboards: NEMA PB 1, power and feeder distribution type. 

 
C. Doors: Secured with vault-type latch with tumbler lock; keyed alike. 

 
D. Mains: Circuit breaker. 

 
E. Branch Overcurrent Protective Devices: For Circuit-Breaker Frame Sizes 125 A and Smaller: Bolt-on circuit 

breakers. 
 

F. Branch Overcurrent Protective Devices: For Circuit-Breaker Frame Sizes Larger Than 125 A: Bolt-on circuit 
breakers. 

 
G. Surge protection devices shall be integral with panel. Refer to section 26 43 13. 

 
2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

 
A. Basis of Design: Subject to compliance with requirements, provide Square D; a brand of Schneider Electric. 
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B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 

 
C. Mains: Circuit breaker or lugs only. 

 
D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing adjacent units. 

 
E. Contactors  in Main Bus: NEMA ICS 2, Class A, mechanically held, general-purpose controller, with same 

short-circuit interrupting rating as panelboard. 
1. External Control-Power Source: 24-V control circuit. 

F. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike. 
 

G. Column-Type Panelboards: Narrow gutter extension, with cover, to overhead junction box equipped with ground 
and neutral terminal buses. 

 
2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

 
A. Basis of Design: Subject to compliance with requirements, provide Square D; a brand of Schneider Electric. 

 
B. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with fully rated interrupting capacity to meet 

available fault currents. 
1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads, and 

instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit- breaker 
frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field- adjustable 
trip setting. 

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic 
trip; and the following field-adjustable settings: 
a. Instantaneous trip. 
b. Long- and short-time pickup levels. 
c. Long- and short-time time adjustments. 
d. Ground-fault pickup level, time delay, and I2t response. 

 
4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than  NEMA FU 

1, RK-5. 
5. GFCI Circuit Breakers: Single- and two-pole configurations with Class A ground-fault protection (6-mA trip). 
6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B ground-fault protection (30-mA trip). 
7. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor materials. 
c. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting 

loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits. 
d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and time-

delay settings, push-to-test feature, and ground-fault indicator. 
e. Communication Capability: Universal-mounted communication module with functions and features 

compatible with power monitoring and control system. 
f. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage. 
g. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle in on position. 
h. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position. 

 
2.5 ACCESSORY COMPONENTS AND FEATURES 

 
A. Portable Test Set: For testing functions of solid-state trip devices without removing from panelboard. Include 

relay and meter test plugs suitable for testing panelboard meters and switchboard class relays. 
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PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Receive, inspect, handle, store and install panelboards and accessories according to NEMA PB 1.1. 

 
B. Mount top of trim 90 inches above finished floor unless otherwise indicated. 

 
C. Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed panelboards with fronts 

uniformly flush with wall finish and mating with back box. 
 

D. Install overcurrent protective devices and controllers not already factory installed. 
1. Set field-adjustable, circuit-breaker trip ranges. 

 
E. Install filler plates in unused spaces. 

 
F. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling 

space in the future. Stub four 1-inch empty conduits into raised floor space or below slab not on grade. 
 

G. Arrange conductors in gutters into groups and bundle and wrap with wire ties. 
 

H. Comply with NECA 1. 
 
3.2 IDENTIFICATION 

 
A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying 

with Division 26 Section "Identification for Electrical Systems." 
 

B. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations. Obtain 
approval before installing. Use a computer or typewriter to create directory; handwritten directories are not 
acceptable. 

 
C. Panelboard  Nameplates: Label each panelboard with a nameplate complying with requirements for 

identification specified in Division 26 Section "Identification for Electrical Systems." 
 

D. Device Nameplates: Label each branch circuit device in distribution panelboards with a nameplate complying 
with requirements for identification specified in Division 26 Section "Identification for Electrical Systems." 

 
3.3 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections. 

 
B. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control 
circuit. 

2. Test continuity of each circuit. 
3. Provide infrared scanning and submit a report for all panelboards. 

 
C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing 
Specification. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 
replace with new units and retest. 
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D. Panelboards will be considered defective if they do not pass tests and inspections. 

 
E. Prepare test and inspection reports, including a certified report that identifies panelboards included and that 

describes scanning results. Include notation of deficiencies detected, remedial action taken,  and observations 
after remedial action. 

 
 
END OF SECTION 26 24 16 
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SECTION 26 27 26 - WIRING DEVICES 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. This Section includes the following: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Snap switches. 
3. Wall-switch sensors. 

 
1.2 SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
B. Shop Drawings: List of legends and description of materials and process used for premarking wall plates. 

 
C. Samples: One for each type of device and wall plate specified, in each color specified. 

 
D. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing label warnings and 

instruction manuals that include labeling conditions. 
 

1.3 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 

 
B. Comply with NFPA 70. 

 
1.4 WARRANTY 

 
A. Provide manufacturer’s standard warranty for each device type. 

 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Manufacturers: 

1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper). 
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 
3. Leviton Mfg. Company Inc. (Leviton). 
4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour). 
5. Sensor Switch / nLight (Acuity) 

 
2.2 STRAIGHT BLADE RECEPTACLES 

 
A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and 

UL 498. 
1. Products: Subject to compliance with requirements, provide one of the following: 

a. Cooper; 5351 (single), 5352 (duplex). 
b. Hubbell; HBL5351 (single), CR5352 (duplex). 
c. Leviton; 5891 (single), 5352 (duplex). 
d. Pass & Seymour; 5381 (single), 5352 (duplex). 
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2.3 GFCI RECEPTACLES 

 
A. General Description:  Straight blade, feed-through type.  Comply with NEMA WD 1, NEMA WD 6, UL 498,  and 

UL 943, Class A, and include indicator light that is lighted when device is tripped. 
 

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A: 
1. Products: Subject to compliance with requirements, provide one of the following: 

a. Cooper; GF20. 
b. Pass & Seymour; 2084. 

C. Duplex USB Convenience Receptacles, 125 V, 20 A: 
a. Cooper; TR7756 
b. Leviton T5632-GY. 

 
2.4 SNAP SWITCHES 

 
A. Comply with NEMA WD 1 and UL 20. 

 
B. Switches, 120/277 V, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way). 
b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way). 
c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way). 
d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four way). 

 
C. Pilot Light Switches, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 
a. Cooper; 2221PL for 120 V and 277 V. 
b. Hubbell; HPL1221PL for 120 V and 277 V. 
c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V. 
d. Pass & Seymour; PS20AC1-PLR for 120 V. 

 
2. Description: Single pole, with neon-lighted handle, illuminated when switch is "ON." 

 
D. Key-Operated Switches, 120/277 V, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221L. 
b. Hubbell; HBL1221L. 
c. Leviton; 1221-2L. 
d. Pass & Seymour; PS20AC1-L. 

 
2. Description: Single pole, with factory-supplied key in lieu of switch handle. 

 
2.5 OCCUPANCY SENSORS 

 
A. Long-Range Wall-Switch Sensors: 

 
1. Description: Dual technology, with both passive-infrared- and ultrasonic-type sensing, 120/277 V, 

adjustable time delay up to 30 minutes, 110-degree field of view, and a minimum coverage area of 1200 
sq. ft.. 
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2.6 WALL PLATES 
 

A. Single and combination types to match corresponding wiring devices. 
1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces: 0.035-inch- thick, satin-finished stainless steel. 
3. Material for Unfinished Spaces: Galvanized steel. 
4. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed and labeled for use in 

"wet locations." 
 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with type 3R weather-resistant, die-cast 
aluminum with lockable cover. 

 
2.7 FLOOR SERVICE FITTINGS 

 
A. Type: Modular, flap-type, dual-service units suitable for wiring method used. 

 
B. Compartments: Barrier separates power from voice and data communication cabling. 
C. Service Plate: Rectangular, solid brass with satin finish. 

 
D. Power Receptacle: NEMA WD 6 configuration 5-20R, gray finish, unless otherwise indicated. 

 
2.8 FINISHES 

 
A. Color: Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System: Gray. 
2. Wiring Devices Connected to Emergency Power System: Red. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted. 

 
B. Coordination with Other Trades: 

1. Take steps to insure that devices and their boxes are protected. Do not place wall finish materials  over 
device boxes and do not cut holes for boxes with routers that are guided by riding against outside of the 
boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other 
material that may contaminate the raceway system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is 
troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 
 

C. Conductors: 
1. Do not strip insulation from conductors until just before they are spliced or terminated on devices. 
2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or 

nicking of solid wire or cutting strands from stranded wire. 
3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without 

pigtails. 
4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted provided the outlet box is large enough. 
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D. Device Installation: 
1. Replace all devices that have been in temporary use during construction or that show signs that they 

were installed before building finishing operations were complete. 
2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors. 
3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment. 
4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length. 
5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly 

clockwise, 2/3 to 3/4 of the way around terminal screw. 
6. Use a torque screwdriver when a torque is recommended or required by the manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG 

pigtails for device connections. 
8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device mounting 

screws in yokes, allowing metal-to-metal contact. 
 

E. Receptacle Orientation: 
1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted receptacles to the 

right. 
 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when 
standard device plates do not fit flush or do not cover rough wall opening. 

 
G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with 

grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates. 

3.2 IDENTIFICATION 
 

A. Comply with Division 26 Section "Identification for Electrical Systems." 
 

3.3 FIELD QUALITY CONTROL 
 

A. Perform tests and inspections and prepare test reports. 

1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Con ve n i e nce  Receptacles: Digital wiring analyzer with digital readout or 

illuminated LED indicators of measurement. 
 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is not acceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor 

connections, inadequate fault current path, defective devices, or similar problems. Correct circuit conditions, 
remove malfunctioning units and replace with new, and retest as specified above.  

 
 
END OF SECTION 26 27 26 
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SECTION 26 28 13 - FUSES 

PART 1 - GENERAL 
 
1.1 SUMMARY 

 
A. Section Includes: Cartridge fuses rated 600-V ac and less for use in enclosed switches, panelboards, 

switchboards, and motor-control centers.  
 
1.2 SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
B. Operation and maintenance data. 

 
1.3 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
 

B. Comply with NEMA FU 1 for cartridge fuses. 
 

C. Comply with NFPA 70. 
 

1.4 WARRANTY 
 

A. Provide manufacturer’s standard warranty. 
 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Cooper Bussmann, Inc. 
2. Edison Fuse, Inc. 
3. Ferraz Shawmut, Inc. 
4. Littelfuse, Inc. 

 
2.2 CARTRIDGE FUSES 

 
A. Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with circuit 

voltages. 
 
PART 3 - EXECUTION 

 
3.1 FUSE APPLICATIONS 

 
A. Feeders: Class RK5, time delay. 

 
B. Motor Branch Circuits:  Class RK5, time delay. 

 
C. Other Branch Circuits:  Class RK5, time delay. 
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3.2 INSTALLATION 
 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse. 
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3.3 IDENTIFICATION 
 

A. Install labels complying with requirements for identification specified in Division 26 Section "Identification for 
Electrical Systems" and indicating fuse replacement information on inside door of each fused switch and adjacent 
to each fuse block and holder. 

 
 
END OF SECTION 26 28 13 
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 01 Specification Sections, apply to this Section.  
 
1.2 SUMMARY 

 
A. This Section includes the following individually mounted, enclosed switches and circuit breakers: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Molded-case circuit breakers. 
4. Enclosures. 

 
1.3 DEFINITIONS 

 
A. GD: General duty. 

 
B. GFCI: Ground-fault circuit interrupter. 

 
C. HD: Heavy duty. 

 
D. RMS: Root mean square. 

 
E. SPDT: Single pole, double throw. 

 
1.4 SUBMITTALS 

 
A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated.  Include 

dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current rating. 
4. UL listing for series rating of installed devices. 
5. Features, characteristics, ratings, and factory settings of individual overcurrent protective devices and 

auxiliary components. 
 

B. Qualification Data: For testing agency. 
 

C. Field quality-control test reports including the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with requirements. 

 
D. Manufacturer's field service report. 

 
E. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, 
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and maintenance manuals. In addition to items specified in Division 01 Section "Operation and Maintenance 
Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers. 
2. Time-current curves, including selectable ranges for each type of circuit breaker. 

1.5 QUALITY ASSURANCE 
 

A. Testing Agency Qualifications: An independent agency, with the experience and capability to conduct the testing 
indicated, that is a member company of the International Electrical Testing Association or is a nationally 
recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities 
having jurisdiction. 

1. Testing Agency's Field Supervisor: Person currently certified by the International Electrical Testing 
Association or the National Institute for Certification in Engineering Technologies to supervise on-site 
testing specified in Part 3. 

 
B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a 

testing agency acceptable to authorities having jurisdiction, and marked for intended use. 
 

C. Comply with NFPA 70. 
 

D. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit 
breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated 
maximum dimensions. 

 
1.6 PROJECT CONDITIONS 

 
A. Environmental Limitations: Rate equipment for continuous operation under the following conditions, unless 

otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 deg F. 
2. Altitude: Not exceeding 6600 feet. 

 
1.7 COORDINATION 

 
A. Coordinate layout and installation of switches, circuit breakers, and components with other construction, including 

conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and required 
clearances for equipment access doors and panels. 
 

1.8 WARRANTY 
 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that fail in materials 
or workmanship within specified warranty period. 
 
1. Warranty Period: One year from date of Substantial Completion. 
 

 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 

 
A. Basis of Design: Subject to compliance with requirements, provide Square D; a brand of Schneider Electric. 

 
2.2 FUSIBLE AND NONFUSIBLE SWITCHES 
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A. Fusible Switch, 600 A and Smaller: NEMA KS 1, Type HD, with clips or bolt pads to accommodate specified fuses, 

lockable handle with capability to accept two padlocks, and interlocked with cover in closed position. 
 

B. Nonfusible Switch, 600 A and Smaller: NEMA KS 1, Type HD, lockable handle with capability to accept two 
padlocks, and interlocked with cover in closed position. 

 
C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors. 
2. Neutral Kit: Internally mounted; insulated, capable of being grounded, and bonded; and labeled for copper 

and aluminum neutral conductors. 
3. Auxiliary Contact Kit: Auxiliary set of contacts arranged to open before switch blades open. 

 
2.3 FUSED POWER CIRCUIT DEVICES 

 
A. Bolted-Pressure Contact Switch: UL 977; operating mechanism shall use a rotary-mechanical-bolting action to 

produce and maintain high-clamping pressure on the switch blade after it engages the stationary contacts. 
 
2.4 MOLDED-CASE CIRCUIT BREAKERS AND SWITCHES 

 
A. Molded-Case Circuit Breaker: NEMA AB 1, with interrupting capacity to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and instantaneous 
magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit- breaker frame sizes 250 
A and larger. 

2. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller and let-through ratings less than NEMA 
FU 1, RK-5. 

3. GFCI Circuit Breakers: Single- and two-pole configurations with 30-mA trip sensitivity. 
 

B. Molded-Case Circuit-Breaker Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs: Mechanical style suitable for number, size, trip ratings, and conductor material. 
3. Application Listing: Type SWD for switching fluorescent lighting loads; Type HACR for heating, air- 

conditioning, and refrigerating equipment. 
4. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and time-delay 

settings, push-to-test feature, and ground-fault indicator. 
5. Communication Capability: Universal-mounted communication module with functions and features 

compatible with power monitoring and control system. 
6. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage. 
7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage with field-adjustable 0.1- to 0.6-

second time delay. 
8. Auxiliary Switch: Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-breaker 

contacts, "b" contacts operate in reverse of circuit-breaker contacts. 
9. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be removable only 

when circuit breaker is in off position. 
10. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking ground-fault protection 

function. 
 
2.5 ENCLOSURES 

 
A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location. 

1. Outdoor Locations: NEMA 250, Type 4x. 
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2. Kitchen Areas: NEMA 250, Type 4X, stainless steel. 
3. Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 
4. Hazardous Areas Indicated on Drawings: NEMA 250, Type 7C. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with 

installation tolerances and other conditions affecting performance. 
 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
 
3.2 CONCRETE BASES 

 
A. Coordinate size and location of concrete bases. Verify structural requirements with structural engineer. 

 
B. Concrete base is specified in Division 26 Section "Hangers and Supports for Electrical Systems," and concrete 

materials and installation requirements are specified in Division 03. 
 
3.3 INSTALLATION 

 
A. Comply with applicable portions of NECA 1, NEMA PB 1.1, and NEMA PB 2.1 for installation of enclosed 

switches and circuit breakers. 
 

B. Mount individual wall-mounting switches and circuit breakers with tops at uniform height, unless otherwise 
indicated. Anchor floor-mounting switches to concrete base. 

 
C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary 

blocking of moving parts from enclosures and components. 
3.4 IDENTIFICATION 

 
A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs as specified in 

Division 26 Section "Identification for Electrical Systems." 
 

B. Enclosure Nameplates: Label each enclosure with engraved metal or laminated-plastic nameplate as 
specified in Division 26 Section "Identification for Electrical Systems." 

 
3.5 FIELD QUALITY CONTROL 

 
A. Perform the following field tests and inspections and prepare test reports: 

1. Perform each electrical test and visual and mechanical inspection stated in NETA ATS, Section 7.5 for 
switches and Section 7.6 for molded-case circuit breakers. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 
replace with new units and retest. 

3. Infrared Scanning: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each enclosed switch and circuit breaker. Open or remove 
doors or panels so connections are accessible to portable scanner. 

b. Follow-Up Infrared Scanning: Perform an additional follow-up infrared scan of each unit 11 months 
after date of Substantial Completion. 

c. Instruments, Equipment and Reports: 
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1) Use an infrared scanning device designed to measure temperature or to detect significant 
deviations from normal values. Provide calibration record for device. 

2) Prepare a certified report that identifies enclosed switches and circuit breakers included and 
describes scanning results. Include notation of deficiencies detected, remedial action taken, 
and observations after remedial action. 

 
3.6 ADJUSTING 

 
A. Set field-adjustable switches and circuit-breaker trip ranges. 

 
 

3.7 CLEANING 
 

A. On completion of installation, vacuum dirt and debris from interiors; do not use compressed air to assist in 
cleaning. 

 
B. Inspect exposed surfaces and repair damaged finishes. 

 
 
END OF SECTION 26 28 16 
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SECTION 26 41 13 - LIGHTNING PROTECTION FOR STRUCTURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes lightning protection system for the following: 

1. Ordinary structures. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include layouts of the lightning protection system, with details of the components to be 
used in the installation. 

2. Include raceway locations needed for the installation of conductors. 
3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and 

terminations, including concealment requirements. 
4. Calculations required by NFPA 780 for bonding of metal bodies. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Lightning protection system Shop Drawings, drawn to scale, 
coordinated with each other, using input from installers of the items involved: 

B. Qualification Data: For Installer. 

C. Product certificates. 

D. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

B. Completion Certificate:  

1. UL Master Label Certificate. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  UL-listed installer, category OWAY. 
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1.6 WARRANTY 

A. Provide one year standard warranty covering materials and workmanship. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Advanced Lightning Technology, Ltd. 
2. East Coast Lightning Equipment Inc. 
3. ERICO; a brand of nVent. 
4. Harger Lightning & Grounding. 
5. Heary Bros. Lightning Protection Co. Inc. 
6. Independent Protection Co. 
7. National Lightning Protection. 
8. Preferred Lightning Protection. 
9. Robbins Lightning, Inc. 
10. Thompson Lightning Protection, Inc. 

2.2 PERFORMANCE REQUIREMENTS 

A. NFPA Lightning Protection Standard: Comply with NFPA 780 requirements for Class I buildings. 

B. UL Lightning Protection Standard: Comply with UL 96A requirements for Class I buildings. 

C. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified 
testing agency as complying with UL 96, and marked for intended location and application. 

2.3 MATERIALS 

A. Air Terminals:  

1. Copper or Aluminum unless otherwise indicated. 
2. 3/8-inch diameter by 12 inches long, MINIMUM. 
3. Pointed tip. 
4. Threaded base support. 

B. Class 1 Main Conductors:  

1. Stranded Copper: 57,400 circular mils in diameter. 
2. Aluminum: 98,600 circular mils in diameter. 

C. Secondary Conductors:  

1. Stranded Copper: 26,240 circular mils in diameter. 
2. Aluminum: 41,400 circular mils in diameter. 

http://www.specagent.com/Lookup?ulid=2216
http://www.specagent.com/Lookup?ulid=2216
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D. Ground Rods: 

1. Material:  Copper-clad Steel . 
2. Diameter:  3/4 inch. 
3. Rods shall be not less than 120 inches long. 
4. Sectional type, with integral threads. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install lightning protection components and systems according to UL 96A and NFPA 780. 

B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less 
than 90 degrees and 8 inches in radius and narrow loops. 

C. Conceal conductors within normal view from exterior locations at grade within 200 feet of 
building.  

3.2 CONNECTIONS 

A. Aboveground concealed connections, and connections in earth or concrete, shall be done by 
exothermic welds or by high-compression fittings listed for the purpose. 

B. Aboveground exposed connections shall be done using the following types of connectors, listed 
and labeled for the purpose:  bolted connectors. 

C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3.3 FIELD QUALITY CONTROL 

A. Special Inspections:  Engage a qualified special inspector to perform the following special 
inspections: 

1. Perform inspections as required to obtain a UL Master Label for system. 
2. Perform inspections to obtain an LPI certification. 

B. Prepare test and inspection reports and certificates. 

END OF SECTION 26 41 13 
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SECTION 26 43 13 - SURGE PROTECTION DEVICES 

PART 1 - GENERAL 
 

1.1 SUMMARY 
 

A. Section includes field-mounted TVSS for low-voltage (120 to 600 V) power distribution and control equipment.  
 

1.2 SUBMITTALS 
 

A. Product Data: For each type of product indicated. Include rated capacities, operating weights, electrical 
characteristics, furnished specialties, and accessories. 

 
B. Field quality-control reports. 

 
C. Operation and maintenance data. 

 
D. Warranties: Sample of special warranties. 

 
1.3 QUALITY ASSURANCE 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a testing 

agency, and marked for intended location and application. 
 

B. Comply with IEEE C62.41.2 and test devices according to IEEE C62.45. 
 

C. Comply with NEMA LS 1. 
 

D. Comply with UL 1283 and UL 1449. 
 

E. Comply with NFPA 70. 
 

1.4 WARRANTY 
 

A. Special  Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of surge suppressors that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 
 

PART 2 - PRODUCTS 
 

2.1 SERVICE ENTRANCE SUPPRESSORS 
 

A. Manufacturers: Basis of design, Subject to compliance with requirements, Square D; a brand of Schneider 
Electric. 

 
B. Surge Protection Devices: 

1. Non-modular. 
2. LED indicator lights for power and protection status. 
3. Comply with UL 1449. 
4. Fuses, rated at 200-kA interrupting capacity. 
5. Fabrication using bolted compression lugs for internal wiring. 
6. Integral disconnect switch. 
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7. Redundant suppression circuits. 
8. Arrangement with copper bus bars and for bolted connections to phase buses, neutral bus, and ground 

bus. 
9. Arrangement with wire connections to phase buses, neutral bus, and ground bus. 
10. LED indicator lights for power and protection status. 

 
C. Peak Single-Impulse Surge Current Rating: 240 kA per phase. 
D. Minimum single impulse current ratings, using 8-by-20-mic.sec waveform described in IEEE C62.41.2 

1. Line to Neutral:  100,000 A. 
2. Line to Ground:  100,000 A. 
3. Neutral to Ground: 50,000 A. 

 
E. Protection modes and UL 1449 SVR for grounded wye circuits with 480Y/277 V and 208Y/120 V, 3-phase, 4- wire 

circuits shall be as follows: 
1. Line to Neutral:  800 V for 480Y/277 V and 400 V for 208Y/120 V. 
2. Line to Ground:  800 V for 480Y/277 V and 400 V for 208Y/120 V. 
3. Neutral to Ground: 800 V for 480Y/277 V and 400 V for 208Y/120 V. 

 
2.2 PANELBOARD SUPPRESSORS 

 
A. Manufacturers: Basis of design, Subject to compliance with requirements, provide Square D; a brand of Schneider 

Electric. 
 

B. Surge Protection Devices: 
1. Non-modular. 
2. LED indicator lights for power and protection status. 
3. Fuses, rated at 200-kA interrupting capacity. 
4. Fabrication using bolted compression lugs for internal wiring. 
5. Integral disconnect switch. 
6. Redundant suppression circuits. 
7. Arrangement with wire connections to phase buses, neutral bus, and ground bus. 
8. LED indicator lights for power and protection status. 

 
C. Peak Single-Impulse Surge Current Rating: 120 kA per phase. 

 
D. Minimum single impulse current ratings, using 8-by-20-mic.sec waveform described in IEEE C62.41.2: 

1. Line to Neutral:  100,000 A. 
2. Line to Ground:  100,000 A. 
3. Neutral to Ground: 50,000 A. 

 
E. Protection modes and UL 1449 SVR for grounded wye circuits with 480Y/277 V and 208Y/120 V, 3-phase, 4- wire 

circuits shall be as follows: 
1. Line to Neutral:  800 V for 480Y/277 V and 400 V for 208Y/120 V. 
2. Line to Ground:  800 V for 480Y/277 V and 400 V for 208Y/120 V. 
3. Neutral to Ground: 800 V for 480Y/277 V and 400 V for 208Y/120 V. 

 
F. Protection modes and UL 1449 SVR for 240 V, 480 V, or 600 V, 3-phase, 3-wire, delta circuits shall be as follows: 

1. Line to Line: 2000 V for 480 V and 1000 V for 240 V. 
2. Line to Ground: 1500 V for 480 V and 800 V for 240 V. 

 
2.3 SIGNAL LINE PROTECTION 

 
A. Signal line protection shall be solid state, silicon avalanche diode circuitry for protection from over voltages on 2 

or 4 wire signal lines such as balanced pair telephone, metallic pair telephone, buried and overhead field cable, 
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remote radio equipment, and control systems. Connect unit ground lug or wire to protected equipment grounding 
system with a No. 12 green insulated stranded ground wire as short as possible. 

 
2.4 CABLE PROTECTION 

 
A. 75 ohm coaxial cable protectors shall be solid state, silicon avalanche diode circuitry for non-interrupting over-

voltage protection of RG-59/U coaxial cable. Unit shall be provided with one female input connector for “F” series 
male connector, one output RG-59/U coax cable terminated with an “F” series male cable end connector and a 
#16 stranded 18” long grounding wire on output end of unit or similar arrangement. Securely mount adjacent to 
protection equipment and ground to equipment or local building ground if an equipment ground is not available. 

 
2.5 ENCLOSURES 

 
A. Indoor Enclosures: NEMA 250 Type 1. 
B. Outdoor Enclosures: NEMA 250 Type 3R. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION 

 
A. Install TVSS devices at service entrance on load side, with ground lead bonded to service entrance ground. 

 
B. Install TVSS devices for panelboards and auxiliary panels with conductors or buses between suppressor and 

points of attachment as short and straight as possible. Do not exceed manufacturer's recommended lead length. 
Do not bond neutral and ground. 
1. Provide multiple, 60-A circuit breaker as a dedicated disconnecting means for TVSS unless otherwise 

indicated. 
 
3.2 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections. 

1. Manufacturer's  Field  Service: Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in testing. 

 
B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS, "Surge Arresters, 
Low-Voltage Surge Protection Devices" Section. Certify compliance with test parameters. 

2. After installing TVSS devices but before electrical circuitry has been energized, test for compliance with 
requirements. 

3. Complete startup checks according to manufacturer's written instructions. 
 

C. TVSS device will be considered defective if it does not pass tests and inspections. 
 

D. Prepare test and inspection reports. 
 
3.3 STARTUP SERVICE 

 
A. Do not energize or connect service entrance equipment and panelboards to their sources until TVSS devices 

are installed and connected. 
 

B. Do not perform insulation resistance tests of the distribution wiring equipment with the TVSS installed. 
Disconnect before conducting insulation resistance tests, and reconnect immediately after the testing is over. 

 
3.4 DEMONSTRATION 
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A. Engage a factory-authorized service representative to train Owner's maintenance personnel to maintain TVSS 

devices. 
 
 
END OF SECTION 26 43 13 
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SECTION 26 51 19 - LED INTERIOR LIGHTING 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

 
1.2 SUMMARY 

 
A. Section includes the following types of LED luminaires: 

1. Downlight. 
2. Strip light. 
3. Surface mount, linear. 
4. Suspended, linear. 
5. Materials. 
6. Finishes. 
7. Luminaire support. 

 
1.3 DEFINITIONS 

 
A. CCT: Correlated color temperature. 

 
B. CRI: Color Rendering Index. 

 
C. Fixture: See "Luminaire." 

 
D. IP: International Protection or Ingress Protection Rating. 

 
E. LED: Light-emitting diode. 

 
F. Lumen: Measured output of lamp and luminaire, or both. 

 
G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

 
1.4 ACTION SUBMITTALS 

 
A. Product Data: For each type of product, arranged by designation. 

 
B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required clearances, method 

of field assembly, components, and location and size of each field connection. 
3. Include diagrams for power, signal, and control wiring. 

 
1.5 INFORMATIONAL SUBMITTALS 

 
A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale and coordinated with each 

other, using input from installers of the items involved: 
 

B. Product Certificates: For each type of luminaire. 
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C. Sample warranty. 

 
1.6 CLOSEOUT SUBMITTALS 

 
A. Operation and maintenance data. 

1.7 WARRANTY 
 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or 
workmanship within specified warranty period. 

 
B. Warranty Period: Five year(s) from date of Substantial Completion. 

 
PART 2 - PRODUCTS 

 
2.1 LUMINAIRE REQUIREMENTS 

 
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
 

B. Standards: 

1. ENERGY STAR certified. 
2. UL Listing: Listed for damp location. 
3. Recessed luminaires shall comply with NEMA LE 4. 

 
C. CRI of minimum 80. CCT of 5000 K depending on fixture selection. 

 
D. Rated lamp life of 75,000 hours to L70. 

 
E. Lamps dimmable from 100 percent to 0 percent of maximum light output. Dimming protocol shall be 0-10V. 

 
F. Internal driver. 

 
G. Nominal Operating Voltage: 120 V ac or 277 V ac. 

1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 
 

H. Housings: 

1. Painted steel housing and heat sink. 
2. Painted finish. 

 
2.2 DOWNLIGHT 

 
A. Minimum 1,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

 
B. Universal mounting bracket. 

 
C. Integral junction box with conduit fittings. 

 
D. Optics: 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                LED INTERIOR LIGHTING 26 51 19 - 3  

1. Fixed lens. 
2. Medium light distribution. 

 
2.3 STRIP LIGHT 

 
A. Minimum 1,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

 
B. Integral junction box with conduit fittings. 

 
2.4 SURFACE MOUNT, LINEAR 

 
A. Minimum 750 lumens. Minimum allowable efficacy of 80 lumens per watt. 

 
B. Integral junction box with conduit fittings. 

 
2.5 SUSPENDED, LINEAR 

 
A. Minimum 2,000 lumens. Minimum allowable efficacy of 85 lumens per watt. 

2.6 MATERIALS 
 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging 

 
B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, 

and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and 
other components from falling accidentally during relamping and when secured in operating position. 

 
C. Housings: 

1. Painted steel housing and heat sink. 
2. White painted finish. 

 
2.7 METAL FINISHES 

 
A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining components are 

acceptable if they are within the range of approved Samples and if they can be and are assembled or installed to 
minimize contrast. 

 
2.8 LUMINAIRE SUPPORT 

 
A. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical Systems" for channel and 

angle iron supports and nonmetallic channel and angle supports. 
 

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish same as luminaire. 
 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage. 
 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 
 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded 
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attachment, cord, and locking-type plug. 
 

PART 3 - EXECUTION 
 

3.1 INSTALLATION 
 

A. Comply with NECA 1. 
 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 
 

C. Supports: Sized and rated for luminaire weight. 
 

D. Wall-Mounted Luminaire Support: 

1. Attached to structural members in stair well or attached to a minimum 20 gauge backing plate attached to 
structural members. 

2. Do not attach luminaires directly to gypsum board. 
 

E. Ceiling-Mounted Luminaire Support: 

1. Ceiling mount with two 5/32-inch-diameter aircraft cable supports adjustable to 120 inches in length. 
2. Ceiling mount with pendant mount with 5/32-inch-diameter aircraft cable supports adjustable to 120 

inches in length. 
3. Ceiling mount with hook mount. 

 
F. Suspended Luminaire Support: 

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 
2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support with approved outlet box 

and accessories that hold stem and provide damping of luminaire oscillations. Support outlet box vertically 
to building structure using approved devices. 

3. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods to building 
structure. 

 
G. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 
2. Secure luminaire using approved fasteners in a minimum of four locations, spaced near corners of 

luminaire. 
 

H. Comply with requirements in Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables" for wiring 
connections. 

 
I. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified 

in Section 26 05 53 "Identification for Electrical Systems." 
 

3.2 FIELD QUALITY CONTROL 
 

A. Perform the following tests and inspections: 
1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has 

been energized, test units to confirm proper operation. 
 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 
 

C. Prepare test and inspection reports. 
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END OF SECTION 26 51 19 
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SECTION 26 56 19 - LED EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp 
technology. 

2. Luminaire supports. 
3. Luminaire-mounted photoelectric relays. 

B. Related Requirements: 

1. Section 26 09 23 "Lighting Control Devices" for automatic control of lighting, including 
time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and 
contactors. 

1.2 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. Lumen: Measured output of lamp and luminaire, or both. 

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Delegated-Design Submittal: For luminaire supports. 

1. Include design calculations for luminaire supports. 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

©2020, HJ/PROJ. #18064.00                         LED EXTERIOR LIGHTING 26 56 19 - 2 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans, drawn to scale and coordinated. 

B. Seismic Qualification Data: For luminaires, accessories, and components, from manufacturer. 

C. Product Certificates: For each type of the following: 

1. Luminaire. 
2. Photoelectric relay. 

D. Sample warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes. 
2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes. 

1.6 FIELD CONDITIONS 

A. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire 
installation. 

1.7 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  5 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of 
hazard by an NRTL. 

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

D. UL Compliance: Comply with UL 1598 and listed for wet location. 

E. CRI of minimum 70. CCT of 4100 K. 
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F. L70 lamp life of 50,000 hours. 

G. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

H. Nominal Operating Voltage:  277 V ac. 

I. Source Limitations: 

1. Obtain luminaires from single source from a single manufacturer. 
2. For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single 

source with resources to provide products of consistent quality in appearance and 
physical properties. 

2.2 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components:  Corrosion-resistant aluminum. Form and support to prevent warping 
and sagging. 

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 
relamping and when secured in operating position. Doors shall be removable for cleaning or 
replacing lenses. 

D. Diffusers and Globes: 

1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing and 
other changes due to aging, exposure to heat, and UV radiation. 

2. Glass: Annealed crystal glass unless otherwise indicated. 
3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion 
lenses and refractors in luminaire doors. 

F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 

1. White Surfaces: 85 percent. 
2. Specular Surfaces: 83 percent. 
3. Diffusing Specular Surfaces: 75 percent. 

G. Housings: 

1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in 
use. 

2. Provide filter/breather for enclosed luminaires. 
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2.3 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in 
appearance of adjoining components are acceptable if they are within the range of approved 
Samples and are assembled or installed to minimize contrast. 

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested 
luminaire before shipping. Where indicated, match finish process and color of pole or support 
materials. 

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes 
Manual for Architectural and Metal Products" for recommendations for applying and designating 
finishes. 

1. Finish designations prefixed by AA comply with the system established by the Aluminum 
Association for designating aluminum finishes. 

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff 
complying with AA-M20 requirements; and seal aluminum surfaces with clear, hard-coat 
wax. 

3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium satin; 
Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, clear 
coating 0.018 mm or thicker) complying with AAMA 611. 

4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; 
Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, integrally 
colored or electrolytically deposited color coating 0.018 mm or thicker), complying with 
AAMA 611. 

D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for 
Architectural and Metal Products" for recommendations for applying and designating finishes. 

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, 
grease, and other contaminants that could impair paint bond. Grind welds and polish 
surfaces to a smooth, even finish. Remove mill scale and rust, if present, from uncoated 
steel, complying with SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of 
primer and two finish coats of high-gloss, high-build polyurethane enamel. 

a. Color: 

1) As selected from manufacturer's standard catalog of colors. 
2) Match Architect's sample of manufacturer's standard color. 
3) As selected by Architect from manufacturer's full range. 

2.4 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
channel and angle iron supports and nonmetallic channel and angle supports. 
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PART 3 - EXECUTION 

3.1 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Use fastening methods and materials selected to resist seismic forces defined for the 
application and approved by manufacturer. 

C. Install lamps in each luminaire. 

D. Fasten luminaire to structural support. 

E. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Support luminaires without causing deflection of finished surface. 
4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 

percent of luminaire weight and a vertical force of 400 percent of luminaire weight. 

F. Wall-Mounted Luminaire Support:  

1. Attached to structural members in walls. 

G. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

H. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. 

I. Coordinate layout and installation of luminaires with other construction. 

J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric 
device to prevent false operation of relay by artificial light sources, favoring a north orientation. 

K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring 
connections and wiring methods. 

3.2 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Aim as indicated on Drawings. 

B. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. 
Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, 
installation, and finishing are specified in Section 033000 "Cast-in-Place Concrete." 

3.3 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar 
metal, protect aluminum by insulating fittings or treatment. 
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B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In 
concrete foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied 
with a 50 percent overlap. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

B. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Verify operation of photoelectric controls. 

C. Illumination Tests: 

1. Measure light intensities at night. Use photometers with calibration referenced to NIST 
standards. Comply with the following IES testing guide(s): 

a. IES LM-5. 
b. IES LM-50. 
c. IES LM-52. 
d. IES LM-64. 
e. IES LM-72. 

2. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

D. Luminaire will be considered defective if it does not pass tests and inspections. 

E. Prepare a written report of tests, inspections, observations, and verifications indicating and 
interpreting results. If adjustments are made to lighting system, retest to demonstrate 
compliance with standards. 

3.6 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaires. 

END OF SECTION 26 56 19 
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SECTION 27 00 00 - COMMUNICATIONS 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
other Division 01 Specification Sections, apply to this Section. 

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of General Requirements/Provisions shall be considered a part of this section 

and shall have the same force as if printed herein full. In addition, all information related to 
communications infrastructure that is documented in the architectural, structural, mechanical, and 
electrical drawings/documents shall be included as part of the Communications documents. 

 
B. Related Specifications: 

1. Division 00 
2. Division 01 

a. Section “Project Management and Coordination” 
b. Section “Submittal Procedures” 
c. Section “Product Requirements” 
d. Section “Closeout Procedures” 
e. Section “Warranties” 

 
3. Division 08 Section "Access Doors and Frames." 
4. Division 09 Section "Interior Painting" 
5. Division 26 

a. Section “Grounding and Bonding for Electrical Systems” 
b. Section “Raceways and Boxes for Electrical Systems” 

 
6. Division 27 all applicable Sections 
7. Division 28 all Sections 

 
E. Applicable requirements of the Division 26, 27 and 28 Design Criteria shall all be considered a part of 

this Division and shall have the same force as if written herein full. 
 

1.3 QUALITY ASSURANCE 
 

A. Specifications, Standards and Codes: All work shall be in accordance with the following: 

1. The 2014 edition of the National Electrical Code (NFPA 70) 
2. American National Standards Institute (ANSI) 
3. National Electrical Manufacturers Association (NEMA) 
4. Telecommunications Industries Association (TIA) 
5. Electronic Industries Association (EIA) 
6. Institute of Electrical & Electronics Engineers (IEEE) 
7. Underwriters Laboratories (UL) 
8. American Standards Association (ASA) 
9. Building Industry Consulting Services International (BICSI) 
10. Federal Communications Commission (FCC) 
11. Occupational Safety and Health Administration (OSHA) 
12. American Society of Testing Material (ASTM) 
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13. Americans with Disabilities Act (ADA) 
14. Local city and county ordinances governing electrical work 
15. In the event of conflicts, the more stringent provisions shall apply. 

1.4 SCOPE 
 

A. The work to be done under this section of the Specifications shall include the furnishing of labor, 
material, equipment and tools required for the complete installation of the work indicated on the 
Drawings or as specified herein. 

 
B. All materials, obviously a part of the Communications Infrastructure and necessary to its proper 

operation, but not specifically mentioned or shown on the Drawings, shall be furnished and installed 
without additional charge. 

 
C. The Drawings and Specifications are complementary to each other and what is called for by one shall be 

as binding as if called for by both. If a discrepancy exists between the Drawing and Specifications, the 
higher cost shall be included, and the engineer shall be notified of the discrepancy. 

 
1.5 WORK INCLUDED 

 
A. The Communications Infrastructure installed and work performed under this Division of the 

Specifications shall include but not necessarily be limited to the following: 
1. Voice/Data Cabling Infrastructure 
2. CATV Cabling Infrastructure System 
3. Audio-Visual Systems 
4. Digital Signage and Wayfinding 
5. Overhead Sound System 
6. Master clock system 
7. Point of Sales systems 
8. Communications conduits, raceways, cable tray, racks, cabinets and equipment mounting 

boards 
9. Grounding and Bonding of Communications Equipment 

 
1.6 DEFINITIONS 

 
A. Terms: The following definitions of terms supplement those of the General Requirements and are 

applicable to Division 27 – Communications. 
 

B. Provide: As used herein shall mean “furnish, install and test (if applicable) complete.” 
 

C. Infrastructure: As used herein shall mean cable, conduit, raceway, cable tray or j-hooks with all 
required boxes, fittings, connectors, and accessories; completely installed. 

 
D. Work: As used herein shall be understood to mean the materials completely installed, including the 

labor involved. 
 

1.7 DRAWINGS 
 

A. Drawings are generally diagrammatic and show the arrangement and location of pathways, outlets, 
support structures and equipment. The Contractor shall carefully investigate the structural and finish 
conditions affecting his work and arrange his work accordingly. Should conditions on the job make it 
necessary to make adjustments to pathways or materials, the Contractor shall so advise the Engineer 
and secure approval before proceeding with such work. 

 
B. Where exact locations are required by equipment for stubbing-up and terminating conduit concealed in 

floor slabs, the Contractor shall request shop drawings, equipment location drawings, foundation 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                                COMMUNICATIONS 27 00 00 - 3  

drawings, and any other data required by him to locate the concealed conduit before the floor slab is 
poured. 

 
C. Materials, equipment or labor not indicated but which can be reasonably inferred to be necessary for a 

complete installation shall be provided. Drawings and Specifications do not undertake to indicate every 
item of material, equipment, or labor required to produce a complete and properly operating installation. 

 
D. The right is reserved to make reasonable changes in locations of equipment indicated on Drawings 

prior to rough-in without increase in contract cost. 
E. The Contractor shall not reduce the size or number of conduit runs indicated on the Drawings without the 

written approval of the Engineer. 
 

F. Any work installed contrary to Contract Drawings shall be subject to change as directed by the 
Engineer, and no extra compensation will be allowed for making these changes. 

 
G. The location of equipment, support structures, outlets, and similar devices shown on the Drawings are 

approximate only. Do not scale Drawings. Obtain layout dimensions for equipment from Architectural plans 
unless indicated on Communications plans. 

 
H. Schematic diagrams shown on the Drawings indicate the required functions only. The technology of a 

particular manufacturer may be used to accomplish the functions indicated without exact adherence to the 
schematic Drawings shown. Additional labor and materials required for such deviations shall be furnished 
at the Contractor's expense. 

 
I. Verify the ceiling type, ceiling suspension systems, and clearance above hung ceilings prior to ordering 

cabling and associated hardware. Notify the Engineer of any discrepancies. 
 

J. Review all architectural drawings for modular furniture. 
 

K. Portions of these Drawings and Specifications are abbreviated and may include incomplete sentences. 
Omissions of words or phrases such as “the Contractor shall,” “shall be,” “as indicated on the Drawings,” 
“In accordance with,” “a,” “the” and “all are intended” shall be supplied by inference. 

 
1.8 SUBMITTALS 

 
A. Submit for approval, details of all materials, equipment and systems to be furnished. Work shall not 

proceed without the Owner and/or the Project Manager's approval of the submitted items. Four (4) copies 
of the following shall be submitted: 
1. Submittals for individual systems and equipment assemblies that consist of more than one item 

or component shall be made for the system or assembly as a whole. Partial submittals will not 
be considered, reviewed or stored, and such submittals will not be returned except at the 
request and expense of the Contractor. 

2. Shop drawings shall include equipment racks, patch panels, termination blocks, connection 
details, rack mounting details and any other details not included in the construction drawings. 

 
B. Any materials and equipment listed that are not in accordance with Specification requirements may be 

rejected. 
 

C. The approval of material, equipment, systems and shop drawings is a general approval subject to the 
Drawings, Specifications and verification of all measurements at the job.  Approval does not relieve the 
Contractor from the responsibility of shop drawing errors. The Contractor shall carefully check and correct 
all shop drawings prior to submission for approval. 

 
1.9 QUALITY ASSURANCE 
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A. Equipment and materials required for installation under these Specifications shall be the current model 
and new (less than one [1] year from the date of manufacture), unused and without blemish or defect. 

 
B. Equipment shall bear labels attesting to Underwriters Laboratories, where subject to label service. 

Manufacturers of equipment and materials pertinent to these items shall have been engaged in the 
manufacture of said equipment a minimum of three (3) years and, if so directed by the Owner, be able 
to furnish proof of their ability by submitting affidavits and descriptive data about their product including 
size and magnitude comparable to requirements specified herein. 

 
1.10 CONTRACTOR QUALIFICATIONS 

 
A. The Contractor shall have total responsibility for the coordination and installation of the work shown and 

described in the Drawings and Specifications. The Contractor shall be a company specializing in the 
design, fabrication and installation of integrated communications systems. 

 
B. Communications Systems specified shall be installed under the direction of a qualified Contractor. 

Qualification requirements shall include submittal by the Contractor to the Architect of the following: 
1. List of previous projects of this scope, size and nature; including names and sizes of projects, 

description of work, time of completion and names of contact persons for reference. 
2. Shall certify that they are manufacturer-authorized for work to be performed. 

 
C. Contractor must employ at least one (1) full-time Registered Communications Distribution Designer 

(RCDD). The RCDD shall be a W2 employee and not a subcontractor. The contractor shall also have a 
BICSI Certified Technician on site during installation. 

 
1.11 COORDINATION WITH OTHER TRADES 

 
A. The Contractor shall coordinate communications work with that of other sections as required ensuring 

that the entire communications work will be carried out in an orderly, complete and coordinated fashion. 
 

1.12 SITE INVESTIGATION 
 

A. Prior to submitting bids of the project, visit the site of the work to become aware of existing conditions that 
may affect the cost of the project. Where work under this project requires extension, relocation, 
reconnections or modifications to existing equipment or systems, the existing equipment or systems, shall 
be restored to their original condition before the completion of this project. 

 
1.13 PERMITS 

 
A. Obtain all permits and inspections for the installation of this work and pay all charges incident thereto. 

Deliver to the Owner all certificates of said inspection issued by authorities having jurisdiction. 
 

PART 2 - PRODUCTS 
 
2.1 SUBSTITUTIONS 

 
A. Where equipment is identified by manufacturer and catalog number, it shall be as the base of 

requirements for quality and performance. Where manufacturers for equipment are identified by 
name, the Contractor may submit for approval, similar equipment of other manufacturers as 
substitution. The Engineer's decision as to whether the submitted equipment is acceptable shall be 
final and binding. 

 
B. All changes necessary to accommodate the substituted equipment shall be made at the Contractor's 

expense, and shall be as approved by the Engineer. Detailed drawings indicating the required changes 
shall be submitted for approval at the time the substitution is requested. 
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C. If substitutions are made in lieu of device specified; form, dimension, design and profile shall be 

submitted to the Engineer for approval. 
 

D. Submit request for approval of substitute materials in writing to the Architect at least ten days prior to bid 
opening. 

 
2.2 MATERIALS 

 
A. All materials used in this work shall be new and shall bear the inspection label of Underwriters' 

Laboratories Inc. or certification by other recognized laboratory. 
 

B. The published standards and requirements of the Telecommunications Industries Association (TIA), 
National Electrical Manufacturers Association (NEMA), the American National Standard Institute (ANSI), 
the Institute of Electrical and Electronic Engineers (IEEE), and the American Society of Testing Materials 
(ASTM), are made a part of these Specifications and shall apply wherever applicable. 

 
C. Materials and equipment furnished shall be of current production by manufacturers regularly engaged in 

the manufacture of such items, for which replacement parts are available. 
 

D. When more than one unit of the same class of equipment or material is required, such units shall be the 
products of a single manufacturer or partner manufacturers that offer a certified solution. 

E. Components of an assembled unit need not be products of the same manufacturer, but must offer a 
certified end-to-end solution. 

 
F. Manufacturers of equipment assemblies, which include components made by others, shall assume 

complete responsibility for the final assembled unit. 
 

G. Components shall be compatible with each other and with the total assembly for the intended service. 
 

H. The contractor shall be responsible for the delivery, receipt, and safe storage on site of all 
communications materials and equipment to the job site until the job is completed and the owner 
accepts the equipment or installation. Replace any damaged materials or equipment. 

 
I. Records shall be kept of all materials and equipment delivered to the job site in the form of shipping 

manifests, bills of laden or signed receipts. 
 

J. At the end of the installation all remaining communications materials and equipment will be 
inventoried and turned over to the owner. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION OF CONDITIONS 

 
A. Prior to the start of work, the Contractor shall carefully inspect the installed work of other trades and 

verify that such work is complete to the point where installation may properly commence. Start of work 
indicates acceptance of conditions. 

 
B. Install equipment in accordance with applicable codes and regulations, the original design and the 

referenced standards. 
 

C. In the event of a discrepancy, immediately notify the Project Manager and the General Contractor. 
 

D. Do not proceed with installation until unsatisfactory conditions and discrepancies have been fully 
resolved. 
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3.2 PROTECTION OF SYSTEMS AND EQUIPMENT 

 
A. Protect materials and equipment from damage during storage at the site and throughout the construction 

period. Equipment and materials shall be protected during shipment and storage against physical 
damage, dirt, theft, moisture, extreme temperature and rain. 

 
B. Damage from rain, dirt, sun and ground water shall be prevented by storing the equipment on elevated 

supports and covering the sides with securely fastened protective rigid or flexible waterproof coverings. 
 

C. During installation, equipment shall be protected against entry of foreign matter on the inside and be 
vacuum cleaned both inside and outside before testing, operating or painting. 

 
D. As determined by the Owner or Engineer, damaged equipment shall be fully repaired or shall be 

removed and replaced with new equipment to fully comply with requirements of the Contract 
Documents. Decision of the Owner or Engineer shall be final. 

 
E. Damaged paint on equipment and materials shall be repainted with painting equipment and finished 

with the same quality of paint and workmanship as used by the manufacturer. 
 

F. Existing equipment in place shall be protected against damage and or overheating during construction. 
 
3.3 ACCESS TO EQUIPMENT 

 
A. Equipment shall be installed in location and manner that will allow convenient access for maintenance 

and inspection. 
 

B. Working spaces shall be not less than specified in the National Electrical Code (NEC) for voltages 
specified. 

C. Where the Project Manager determines that the Contractor has installed equipment not conveniently 
accessible for operation and maintenance, equipment shall be removed and reinstalled, one time only, as 
directed by the Project Manager, at no additional cost to the Owner. “Conveniently accessible” is defined 
as being capable of being reached without the use of ladders or without climbing or crawling under or 
over obstacles such as motors, pumps, belt guards, transformers, piping and duct work. 

 
3.4 CLEANING 

 
A. During construction, and prior to Owner acceptance of the building, remove from the premises and 

dispose of packing material and debris caused by communications work. 
 

B. Remove dust and debris from interiors and exteriors of electrical equipment. Clean accessible current 
carrying elements prior to being energized. 

 
3.5 COMPLETION 

 
A. General: Upon completion of the work, remove excess debris, materials, equipment, apparatus, tools 

and similar items. Leave the premises clean, neat and orderly. 
 

B. Results Expected: Systems shall be complete and operational and controls shall be set and calibrated. 
Labeling, testing, start-up and cleaning work shall be complete. 

 
C. Maintenance Materials: Special tools for proper operation and maintenance of the equipment provided 

under this Specification shall be delivered to the Owner. 
 
3.6 TESTING AND VERIFICATION 
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A. See specific Division 27 sections for testing parameters of sub-systems. 

 
B. The Contractor shall verify that requirements of this Specification are met. Verification shall be 

through a combination of analyses, inspections, demonstrations and tests, as described below. 
 

C. Verification by inspection includes examination of items and comparison of pertinent characteristics 
against the qualitative or quantitative standard set forth in the Specifications. Inspection may require 
moving or partially disassembling the item to accomplish the verification, included as part of the work at 
no additional cost to the Owner. 

 
D. The Contractor shall verify by formal demonstrations or tests that the requirements of this Specification 

have been met. The Contractor shall demonstrate that the communications systems, components and 
subsystems meet Specification requirements in the “as-installed” operating environment during the 
“System Operation Test.” Even though no formal environmental testing is required, the Contractor shall 
measure and record temperature, humidity and other environmental parameters and the environmental 
conditions, which were encountered during the “System Operation Test.” 

 
E. The Contractor shall carefully plan and coordinate the final acceptance tests so that tests can be 

satisfactorily completed. The Contractor shall provide necessary instruments, labor and materials 
required for tests, including the equipment manufacturer's technical representative and qualified 
technicians in sufficient numbers to perform the tests within a reasonable time period. 

 
F. The Contractor shall satisfy all items detailed in the final acceptance check-off list (punch list). The list 

shall be a complete representation of specified installation requirements. At the time of final acceptance 
punch list items shall be corrected until the system is found to be acceptable to the Owner and the 
Project Manager. 

 
G. After the Contractor systems have been installed and tested, the completed test plan shall be signed by 

the Communications Contractor Project Manager and submitted for approval.  
 

END OF SECTION 27 00 00 
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SECTION 27 05 00 - COMMON WORK RESULTS FOR COMMUNICATIONS SYSTEMS 
 
PART 1 – GENERAL 

 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 

B. Related Specifications: 

1. Division 25 
2. Division 26 
3. Division 27 
4. Division 28 

 
1.2 SUMMARY 

 
A. Section Includes: 

1. Communications equipment coordination and installation. 
2. Sleeves for pathways and cables. 
3. Sleeve seals. 
4. Grout. 
5. Common communications installation requirements. 

 
1.3 DEFINITIONS 

 
A. EPDM: Ethylene-propylene-diene terpolymer rubber. 

 
B. NBR: Acrylonitrile-butadiene rubber. 

 
1.4 SUBMITTALS 

 
A. Product Data: For sleeve seals. 

 
1.5 COORDINATION 

 
A. Coordinate arrangement, mounting, and support of communications equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce headroom 
are indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations. 

3. To allow right of way for piping and conduit installed at required slope. 
4. So connecting pathways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 
 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 
masonry walls, and other structural components as they are constructed. 

 
C. Coordinate location of access panels and doors for communications items that are behind finished 

surfaces or otherwise concealed. Access doors and panels are specified in Division 08 Section "Access 
Doors and Frames." 
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D. Coordinate sleeve selection and application with selection and application of firestopping specified in 

Division 07 Section "Penetration Firestopping." 
 
PART 2 - PRODUCTS 

 
2.1 SLEEVES FOR PATHWAYS AND CABLES 

 
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends. 
B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with 

plain ends and integral waterstop, unless otherwise indicated. 
 

C. Sleeves for Rectangular Openings: Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more 
than 16 inches, thickness shall be 0.052 inch. 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or 
more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch. 

 
2.2 SLEEVE SEALS 

 
A. Description: Modular sealing device, designed for field assembly, to fill annular pace between sleeve 

and pathway or cable. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

 
2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include 

type and number required for material and size of pathway or cable. 
3. Pressure Plates: Stainless steel. Include two for each sealing element. 
4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to 

sealing elements. Include one for each sealing element. 
 

2.3 GROUT 
 

A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic aggregate 
grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30- 
minute working time. 

 
PART 3 - EXECUTION 

 
3.1 COMMON REQUIREMENTS FOR COMMUNICATIONS INSTALLATION 

 
A. Comply with NECA 1. 

 
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for 

wall-mounting items. 
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C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and 

install components and equipment to provide maximum possible headroom consistent with these 
requirements. 

 
D. Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both 

communications equipment and other nearby installations. Connect in such a way as to facilitate future 
disconnecting with minimum interference with other items in the vicinity. 

 
E. Right of Way: Give to piping systems installed at a required slope. 

 
3.2 SLEEVE INSTALLATION FOR COMMUNICATIONS PENETRATIONS 

 
A. Communications penetrations occur when pathways, cables, wireways, or cable trays penetrate 

concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 
 

B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed 
openings are used. Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 
 

D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless 
openings compatible with firestop system used are fabricated during construction of floor or wall. 

 
E. Cut sleeves to length for mounting flush with both surfaces of walls. 

 
F. Extend sleeves installed in floors 2 inches above finished floor level. 

 
G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and pathway or cable, unless 

indicated otherwise. 
 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 
1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed 

surfaces smooth; protect grout while curing. 
 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and 
pathway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with 
requirements in Division 07 Section "Joint Sealants." 

 
J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and 

floors at pathway and cable penetrations. Install sleeves and seal pathway and cable penetration 
sleeves with firestop materials. Comply with requirements in Division 07 Section "Penetration 
Firestopping." 

 
K. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible boot-type 

flashing units applied in coordination with roofing work. 
 

L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using cast-iron pipe sleeves and 
mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and 
sleeve for installing mechanical sleeve seals. 

 
M. Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1- inch 

annular clear space between pathway or cable and sleeve for installing mechanical sleeve seals. 
 
3.3 SLEEVE-SEAL INSTALLATION 
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A. Install to seal exterior wall penetrations. 

 
B. Use type and number of sealing elements recommended by manufacturer for pathway or cable 

material and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve seals 
and install in annular space between pathway or cable and sleeve. Tighten bolts against pressure 
plates that cause sealing elements to expand and make watertight seal. 

 
3.4 FIRESTOPPING 

 
A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for communications 

installations to restore original fire-resistance rating of assembly. Firestopping materials and 
installation requirements are specified in Division 07 Section "Penetration Firestopping." 

 
 
END OF SECTION 27 05 00 
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SECTION 27 05 26 - GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 26 – Electrical and Division, 27 – Communications shall be 

considered a part of this section and shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to Grounding and Bonding 
for Communications Systems. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this Specification consists of furnishing all labor, equipment, materials, 

supplies and performing all operations necessary to complete the installation. The Contractor will 
provide and install all of the required material whether specifically addressed in the Specification or 
not. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Grounding Busbar Manufacturer(s): 

1. Harger 
2. B-Line 
3. Chatsworth Products, Inc. 

 
2.2 GROUNDING CONDUCTORS 

 
A. Grounding Conductor: 

1. Construction shall be Type THHN copper conductors, insulated with heat and moisture 
resistant PVC over which a UL listed jacket is applied. 

2. Jacket color shall be green. 
 
2.3 GROUNDING LUGS 

 
A. Grounding Lugs and Hardware: 

1. Grounding lugs shall be 2-hole and installed with a crimper that when properly executed the die 
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of the crimper impresses the die # on the lug base. All lugs shall be sleeved with clear heat-
shrink to allow for inspection of the crimp. Silicon bronze or stainless steel bolts and washers 
shall be used to install lugs to equipment. Exothermic welding is also allowed. 

 
2.4 GROUNDING BUSBARS 

 
A. Grounding Busbar: 

1. The grounding busbar shall be made of 1/4" thick solid copper. 
2. The grounding busbar shall be installed with minimum clearance, 1" offsets and 1-1/2" 

insulators. 
3. The grounding busbar shall accommodate 2-hole compression lugs. 
4. The grounding busbar shall meet or exceed ANSI/TIA-607-B requirements. 

 
PART 3 - EXECUTION 

 
3.1 GROUNDING 

 
A. The facility shall be equipped with a Communications Bonding Backbone (TBB). This backbone shall be 

used to ground all communications cable shields, equipment, racks, cabinets, raceways, and other 
associated hardware that has the potential to act as a current carrying conductor. The TBB shall be 
installed independent of the building's electrical and building ground and shall be designed in 
accordance with the recommendations contained in the ANSI/TIA-607-B Telecommunications Bonding 
and Ground Standard. 

 
B. The main entrance facility/equipment room in each building shall be equipped with a 

telecommunications main grounding busbar (TMGB). Each telecommunications room (TR) shall be 
provided with a telecommunications ground busbar (TGB). The TMGB shall be connected to the 
building electrical entrance grounding facility. 

 
C. All racks, metallic backboards, cable sheaths, metallic strength members, splice cases, cable trays, 

etc. entering or residing in the MC/IC/TC shall be grounded to the respective TGB or TMGB using a 
minimum #6 AWG stranded copper bonding conductor and compression lugs. 

 
D. All wires used for communications grounding purposes shall be identified with a green insulation. 

Non-insulated wires shall be identified at each termination point with a wrap or green tape. All cables and 
busbars shall be identified and labeled in accordance with the ANSI/TIA-606-A. 

 
3.2 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling details. 

 

END OF SECTION 27 05 26 
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SECTION 27 05 28 - PATHWAYS FOR COMMUNICATIONS SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section.  
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 26 – Electrical and Division 27 - Communications shall be 

considered a part of this section and shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to Pathways for 
Communications Systems. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, equipment, materials, 

supplies and performing all operations necessary to complete the installation. The Contractor will 
provide and install all of the required material whether specifically addressed in the Specification or 
not. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Cable Tray System Manufacturer(s): 

1. Chatsworth 
2. Cablofil 
3. Flex Tray 
4. Copper B-Line 

 
B. Approved Cable Hanger Manufacturer(s): 

1. Erico Products – Caddy 
2. Panduit 
3. Or Approved Equal 

 
C. Approved Tie Wrap/Velcro Strap Manufacturer(s): 

1. Thomas & Betts 
2. Panduit 
3. Or Approved Equal 
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2.2 CONDUIT 

 
A. Rigid and Intermediate (RGI) Conduit: 

1. Rigid conduit, intermediate conduit, couplings, locknuts, bushings, elbows and connectors shall be 
standard thread. All materials shall be steel. Set screw or non-threaded fittings are not permitted. 

 
B. Non-Metallic (PVC) Conduit: 

1. Non-metallic conduit shall be heavy wall, Schedule 80 PVC. 
2. Couplings and connectors for non-metallic conduit shall be of the same material and be the 

product of the same manufacturer of the conduit furnished. 
 

C. Electrical Metallic Tubing (EMT): 
1. Electrical metallic tubing (EMT), couplings and connectors shall be steel. Malleable iron, 

pressure-cast or die-cast fittings are not permitted. 
2. All connectors shall be compression type. 

 
D. Electrical Non-Metallic Tubing (ENT): 

1. ENT shall be a pliable, non-metallic raceway manufactured of the same PVC material used for 
rigid non-metallic conduit. 

2. Fittings and outlet boxes shall be designed for use with ENT and listed by Underwriters 
Laboratories. 

 
E. Conduit Support: 

1. Individual conduit hangers shall be galvanized spring steel specifically designed for the purpose 
and sized appropriately for the conduit type and diameter. Support individual conduits 1-1/2 inch 
and smaller with 1/4 inch threaded steel rods and use 3/8 inch rods for 2 inch and larger. 

2. Conduit support channels shall be 14 gauge galvanized (or equivalent treatment) channel 
sized for the amount of conduit to be supported. Channel suspension shall be 3/8" threaded 
steel rods. Attach suspension rods to structure with swivel type connectors. Conduit straps 
shall be spring steel type compatible with channel. 

3. Conduit straps shall be single hole cast metal type or two hole galvanized metal type. Conduit 
clamps shall be spring steel type for use with exposed structural steel. 

 
F. Innerduct / Inner-Conduit Channel: 

1. Innerduct shall be corrugated plastic equipped with pull-string or mule tape. 
2. Inner-conduit channel (MaxCell) shall be 3-channel with each channel equipped with mule 

tape. 
3. See Drawings for innerduct / inner-conduit channel (MaxCell) details. 

 
2.3 METALLIC COMMUNICATIONS OUTLET BOXES 

 
A. Metallic outlet boxes and device covers shall be galvanized steel not less than 1/16" thick. 

 
B. The dimensions of the metallic outlet box shall be 4" x 4" square with a minimum depth of 2-1/8". 

 
C. Metallic outlet boxes shall be equipped with single device covers (or two-device covers where needed). 

Where installed in plaster, gypsum board, etc., covers shall be raised to compensate for the thickness of 
the wall finish. 

 
D. Where metallic outlet boxes are to be empty for future use, blank coverplates shall be used. 

 
2.4 NON-METALLIC COMMUNICATIONS OUTLET BOXES 

 
A. The non-metallic outlet box shall be thermoplastic and be rated according to the space it occupies. 
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B. The dimensions of the non-metallic outlet box shall be approximately 4" x 4" square with a minimum 

depth of 2-1/8". 
 

C. Non-metallic outlet boxes shall be equipped with single device covers. Covers shall be raised to 
compensate for the thickness of the wall finish. 

 
D. Where non-metallic outlet boxes are to be empty for future use, blank faceplates shall be used. 

 
2.5 PULL BOXES 

 
A. Pull boxes shall be constructed of galvanized steel with flat, removable covers fastened with plated 

steel screws. 
 

B. Pull boxes shall be equipped with keyhole screw slots in the cover to permit removal of the cover 
without extracting the screws. 

C. Pull boxes shall have provisions for grounding. 
 
2.6 CABLE TRAY 

 
A. Cable Tray System: 

1. Cable tray shall be steel or aluminum construction. 
2. Cable tray cross members shall be factory welded at 9" intervals maximum. 
3. Cable tray shall be equipped with two (2) support rails that run the length of each segment. 
4. End caps shall be installed on the exposed ends of the cable tray, channel supports and bolts. 

Protective covers shall be installed on threaded rods that come in contact with cabling plant. 
5. Wall mount cable tray used in limited clearance areas shall be hook style and constructed of 

aluminum. 
6. See Drawings for cable tray dimensions. 

a. Cable Tray color shall be black. 
 
2.7 CABLE HANGERS 

 
A. J-Hooks: 

1. J-hooks shall provide a bearing surface of sufficient width to comply with required bend radii of 
high-performance cables. J-hook shall be UL Listed. 

2. J-hooks shall have flared edges to prevent damage while installing cables. 
3. J-hooks sized 1 5/16" and larger shall have a cable retainer strap to provide containment of 

cables within the hanger. The cable retainer strap shall be removable and reusable and be 
suitable for use in air handling spaces. 

4. Amount of cables shall not exceed capacity. Install per manufacturer’s specifications. 
 

B. Adjustable Non-Continuous Cable Support Sling: 
1. Constructed from steel and woven laminate; sling length can be adjusted to hold up to 425 4- 

pair balanced twisted pair cables; rated for indoor use in non-corrosive environments. Rated to 
support Category 5 and higher cable, or optical fiber cable. Cable support sling shall be UL 
Listed. 

2. Adjustable non-continuous cable support sling shall have a static load limit of 100 lbs. 
3. Adjustable non-continuous cable support sling shall be suitable for use in air handling spaces. 

 
2.8 TIE WRAPS AND VELCRO STRAPS 

 
A. Tie Wraps and Velcro Straps: 

1. Cables shall be fastened to support structures with tie wraps/Velcro straps. 
2. Tie wraps/Velcro straps installed in air handling spaces must be plenum rated. 
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a. Non-plenum Tie Wrap color shall be black. 
b. Plenum Tie Wrap color shall be red. 
c. Non-plenum Velcro strap color shall be black. 
d. Plenum Velcro strap color shall be red. 

 
PART 3 - EXECUTION 

 
3.1 PENETRATIONS 

 
A. Holes through concrete and masonry in new and existing structures shall be cut with a diamond core 

drill or concrete saw upon approval of the structural engineer of record for the base of building. 
Pneumatic hammer, impact electric, hand or manual hammer type drills shall not be allowed, except 
where permitted by the Project Manager as required by limited working space. X-ray all floor 
penetrations accordingly. 

 
B. Holes shall be located so as not to affect structural sections such as ribs or beams. 

 
C. Holes shall be laid out in advance. The Project Manager shall be advised prior to drilling through 

structural sections, for determination of proper layout. 
 

D. Structural Penetrations: Where conduits, wireways and other raceways pass through fire partitions, fire 
walls or walls and floors provide a code compliant effective barrier against the spread of fire, smoke 
and gases. 

 
E. All penetrations where conduit is not used shall be sleeved. 
F. No gaps or rough edges shall be allowed between wall and conduit/sleeve. 

 
3.2 CONDUIT SYSTEM 

 
A. Conceal all conduits, except in unfinished spaces such as equipment rooms or as indicated by symbol 

on the Drawings. 
 

B. Leave all empty conduits with a 200 pound test nylon cord pull line. Mark both ends with location of 
opposite end. 

 
C. Flattened, dented, or deformed conduits are not permitted and shall be removed and replaced. 

 
D. Fasten conduit support device to structure with wood screws on wood, toggle bolts on hollow masonry, 

anchors as specified on solid masonry or concrete, and machine bolts, clamps, or spring steel clips, on 
steel. 

 
E. Install conduit with wiring, including homeruns as indicated on the Drawings. Any change resulting in a 

savings in labor or materials is to be made only in accordance with a contract change. Deviations shall 
be made only where necessary to avoid interferences and when approved by Engineer by written 
authorization. 

 
F. Conduit shall be run parallel or at right angles to existing walls, ceilings, and structural members. 

 
G. Attach backbone conduits larger than one-inch trade diameter to or from structure on intervals not 

exceeding twelve feet with conduit beam clamps, one-hole conduit straps or trapeze type support. 
 

H. Where conduits must pass through structural members obtain approval of Architect. 
 

I. Install all conduits or sleeves penetrating or routed within rated firewalls or fire floors to maintain fire 
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rating of wall or floor. Conduit shall not be installed in rated floors or walls if it compromises or violates 
the fire rating of floor or wall. Refer to architectural documents. 

 
J. Provide expansion and deflection coupling where conduit passes over a building expansion joint. 

 
K. Service entrance conduits and feeder conduits in direct contact with earth shall be schedule 40, heavy 

wall PVC. All service entrance conduit elbows shall be galvanized rigid steel. Service entrance conduits 
installed exposed or concealed in walls or above ceilings shall be galvanized rigid steel (G.R.S.) or 
intermediate metal conduit (IMC).  Service entrance conduits shall be installed "outside" of the building as 
defined by the N.E.C. Provide concrete encasement where required or as indicated on Drawings. 

 
L. All other conduit, unless specified herein, shall be electrical metallic tubing (EMT). PVC conduit is not 

allowed in exposed or concealed areas, but only within concrete. 
 

M. Conduit Installations Within Slab/Floor: 
1. Conduit shall be run following the most direct route between points. 
2. Conduit shall not be installed in concrete where the outside diameter is larger than 1/3 of the 

slab thickness. 
3. Conduits shall not be installed within shear walls unless specifically indicated on the Drawings. 

Conduit shall not be run directly below and parallel with load bearing walls. 
4. Protect each metallic conduit installed in concrete slab or conduits 1-1/2 inch and smaller passing 

through a concrete slab against corrosion where conduit enters and leaves concrete by wrapping 
conduit with vinyl all-weather electrical tape. 

5. Protect all conduits entering and leaving concrete floor slabs from physical damage during 
construction. 

6. Provide expansion fittings in all conduits where length or run exceeds 200 feet or where 
conduits pass through building expansion joints. 

7. Install all conduits penetrating or routed within rated fire floors to maintain the fire rating of the 
floor. Conduit shall not be installed in rated floors or walls if it compromises or violates the fire 
rating of floor or wall. Refer to architectural documents. 

8. Conduits installed within concrete floor slabs which are in direct contact with grade or which 
penetrate the building roof shall be galvanized rigid steel (G.R.S.), intermediate metal conduit 
(I.M.C.) or Schedule 40, heavy wall PVC. 

N. Communications cables shall not occupy conduits with power cables. 

O. Metallic conduits shall be grounded in accordance with ANSI/TIA-607-B. 
 

P. Conduit runs shall not have more than two (2) 90-degree bends between pull points. 
 

Q. Communications conduit system shall contain no condulets (also known as an LB). 
 

R. Rigid metal conduit (RMC) or intermediate metal conduit (IMC) shall be used for entrance conduits 
that exceed 50 feet into the building. 

 
S. Horizontal Conduits: 

1. Support horizontal conduits at intervals not exceeding ten feet and within three feet of each 
outlet, junction box, backboard, enclosure or cabinet. Support conduits from structural steel 
members with spring steel type or beam conduit clamps and to non-metallic structural 
members with one-hole conduit straps. For exposed conduits and where conduits must be 
suspended below structure, single conduit runs shall be supported from structure by hanger rod 
and conduit clamp assembly, and multiple conduits shall be supported by trapeze type support 
suspended from structure. Do not attach conduits to ceiling suspension system channels or 
suspension wires. 

2. For runs that total more than 100 feet in length, insert pull boxes so that no segment between 
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boxes exceeds the 100 feet limit. 
 
3.3 COMMUNICATIONS OUTLET BOXES 

 
A. Exact locations of the outlet boxes shall be coordinated with the electrical contractor and other trades. 

 
B. The approximate locations of the outlets are indicated on the Drawings. The exact locations shall be 

determined at the building. The right is reserved to change, without additional cost, the exact location of 
any outlet, a maximum of 10' before it is permanently installed. 

 
C. Orientation of outlet boxes (horizontal or vertical) shall be as indicated on the architectural elevations. 

 
D. Install all outlet boxes in finished areas flush with the wall. Maintain 1/4" or less space between outlet box 

front and finished wall surface. 
 

E. Outlet boxes shall be firmly anchored in place and shall not depend on the coverplate to hold it secure to 
the wall. 

 
F. Outlet boxes installed back-to-back in fire-rated walls shall be separated horizontally by a minimum of 

12". 
 
3.4 PULL BOXES 

 
A. Pull boxes shall be secured, independent of the conduit entries into the box. Pull boxes shall be secured 

to the building structure. In ceiling applications, pull boxes shall not be supported with ceiling wires. 
 

B. Conduits entering pull boxes shall connect to pull boxes using die-cast zinc connectors. 
 

C. Pull boxes shall be free from burrs, dirt and debris. 
 

D. Pull boxes shall be installed in accordance with ANSI/TIA-569-B. 
 

E. Pull boxes shall be grounded in accordance with ANSI/TIA-607-B. 
 
3.5 CABLE TRAY SYSTEM 

 
A. Install trays in accordance with recognized industry practices, to ensure that the cable tray equipment 

complies with requirements of the NEC. 
 

B. All open trays shall be installed a minimum of six (6) inches away from any light fixture. 
 

C. Provide external grounding strap at expansion joints, sleeves, crossover and other locations where 
tray continuity is interrupted. 

D. Support all pathways from building construction. Do not support pathways from ductwork, piping or 
equipment hangers. 

 
E. Install cable tray level and straight. 

 
F. Provide all hardware, accessories, fasteners, anchors, threaded rods and support channels required to 

provide a complete cable tray system. 
 

G. Cable trays shall not be used to house both low voltage and power cables unless cables are separated 
by a grounded physical metal barrier. 

 
H. Cable tray system shall be grounded in accordance with ANSI/TIA-607-B. 
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3.6 CABLE HANGERS 

 
A. Installation and configuration shall conform to the requirements of ANSI/TIA-568-C.0, ANSI/TIA-568- 

C.1 & ANSI/TIA-569-B, NFPA 70 (National Electrical Code), applicable local codes, and to the 
manufacturer's installation instructions. 

 
B. Install cables using techniques, practices, and methods that are consistent with Category 6 or higher 

requirements and that supports Category 6 or higher performance of completed and linked signal 
paths, end to end. 

 
C. Install cables without damaging conductors, shield, or jacket. 

 
D. Do not bend cables, in handling or in installing, to smaller radii than minimums recommended by 

manufacturer. 
 

E. Pull cables without exceeding cable manufacturer's recommended pulling tensions. Use pulling means 
that will not damage media. 

 
F. Do not exceed load ratings specified by manufacturer. 

 
G. Adjustable non-continuous support sling shall have a static load limit of 100 lbs. 

 
H. To avoid electromagnetic interference (EMI), pathways shall provide minimum clearances of four feet 

from motors or transformers, one foot from conduit and cables used for electrical power distribution, and 
five inches from fluorescent lighting. Pathways shall cross perpendicular to fluorescent lighting and 
electrical power cables or conduits. 

 
3.7 TIE WRAPS AND VELCRO STRAPS 

 
A. Tie wraps/Velcro straps shall be installed around cables at intervals of 12" minimum. 

 
B. Tie wraps shall secure cables to cable trays using an "X" pattern. 

 
C. Do not over-cinch cables. 

 
3.8 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling details. 

 

END OF SECTION 27 05 28 
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SECTION 27 05 37 - FIRESTOPPING FOR COMMUNICATION SYSTEMS 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
other Division 01 Specification Sections, apply to this Section.  

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of this section and 

shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to Communications Copper 
Horizontal Cabling. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
D. Related Specifications: 

1. Drawings and general provisions of Contract, including General and Supplementary Conditions 
and Division-01 Specification Section, apply to work specified in this section including: 

a. Section 03 30 00 - Cast-In-Place Concrete 
b. Section 04 20 00 - Unit Masonry 
c. Section 07 92 00 - Joint Sealants 
d. Section 27 00 00 – Communications 
e. Section 28 00 00 - Security 

 
1.2 WORK INCLUDED 

 
A. Only tested firestop systems shall be used in specific locations as follows: Penetrations for the passage of 

cables, conduit, and other electrical equipment through fire-rated vertical barriers (walls and partitions), 
horizontal barriers (floor/ceiling assemblies), and vertical service shaft walls and partitions. 

 
1.3 DEFINITIONS 

 
A. Firestopping: Material or combination of materials used to retain integrity of fire-rated construction by 

maintaining an effective barrier against the spread of flame, smoke, and hot gases through penetrations in 
fire rated wall and floor assemblies. 

 
1.4 REFERENCES 

 
A. Test Requirements: ASTM E 814, "Standard Method of Fire Tests of Through Penetration Fire Stops" 

 
B. Test Requirements: UL 1479, “Fire Tests of Through-Penetration Firestops” 

 
C. Underwriters Laboratories (UL) of Northbrook, IL publishes tested systems in their "FIRE RESISTANCE 

DIRECTORY" that is updated annually. 

1. UL Fire Resistance Directory: 
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a. Firestop Devices (XHJI) 
b. Fire Resistance Ratings (BXRH) 
c. Through-Penetration Firestop Systems (XHEZ) 
d. Fill, Voids, or Cavity Material (XHHW) 
e. Forming Materials (XHKU) 

D. International Firestop Council Guidelines for Evaluating Firestop Systems Engineering Judgments 
 

E. Inspection Requirements: ASTM E 2174, “Standard Practice for On-site Inspection of Installed Fire 
Stops.” 

 
F. Test Requirements: ASTM E 90, “Standard Test Method for Laboratory Measurement of Airborne Sound 

Transmission Loss of Building Partitions and Elements” 
 

G. Test Requirements: ASTM E 2178, “Standard Test Method for Air Permeance of Building Materials” 
 

H. Test Requirements: ASTM E 84, “Standard Test Method for Surface Burning Characteristics of Building 
Materials.” 

 
I. Test Requirements: ASTM E 2178, “Standard Test Method for Air Permeance of Building Materials” 

 
J. International Building Code (IBC 2009) 

 
K. NFPA 101 - Life Safety Code 

 
L. NFPA 70 - National Electric Code 

 
1.5 QUALITY ASSURANCE 

 
A. A manufacturer's direct representative (not distributor or agent) to be on-site during initial installation of 

firestop systems to train appropriate contractor personnel in proper selection and installation procedures. 
This will be done per manufacturer's written recommendations published in their literature and drawing 
details. 

 
B. Firestop System installation must meet requirements of ASTM E 814 or UL 1479 tested assemblies that 

provide a fire rating equal to that of construction being penetrated. 
 

C. Proposed firestop materials and methods shall conform to applicable governing codes having local 
jurisdiction. 

 
D. Firestop Systems do not reestablish the structural integrity of load bearing partitions/assemblies, or support 

live loads and traffic. Installer shall consult the structural engineer prior to penetrating any load bearing 
assembly. 

 
E. For those firestop applications that exist for which no UL tested system is available through a 

manufacturer, a manufacturer's engineering judgment derived from similar UL system designs or other 
tests will be submitted to local authorities having jurisdiction for their review and approval prior to 
installation. Engineering judgment drawings must follow requirements set forth by the International 
Firestop Council. 

 
1.6 SUBMITTALS 

 
A. Submit Product Data: Manufacturer’s specifications and technical data for each material including the 

composition and limitations, and manufacturer's installation instructions. 
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B. Submit qualified tested firestop system detail for each firestop application on the project. 
 

C. Manufacturer's engineering judgment identification number and drawing details when no UL system is 
available for an application. Engineering judgment must include both project name and contractor’s 
name who will install firestop system as described in drawing. 

 
D. Submit material safety data sheets provided with product delivered to job-site. 
 

 
1.7 INSTALLER QUALIFICATIONS 

 
A. Engage an experienced Installer who is certified, licensed, or otherwise qualified by the firestopping 

manufacturer as having been provided the necessary training to install manufacturer’s products per 
specified requirements. A manufacturer’s willingness to sell its firestopping products to the Contractor or to 
an Installer engaged by the Contractor does not in itself confer qualification on the buyer. 

 
1.8 DELIVERY, STORAGE, AND HANDLING 

 
A. Deliver materials undamaged in manufacturer's clearly labeled, unopened containers, identified with 

brand, type, and UL label where applicable. 
 

B. Coordinate delivery of materials with scheduled installation date to allow minimum storage time at job- site. 
 

C. Store materials under cover and protect from weather and damage in compliance with manufacturer's 
requirements, including temperature limitations. 

 
D. Comply with recommended procedures, precautions or remedies described in material safety data sheets as 

applicable. 
 

E. Do not use damaged or expired materials. 
 

1.9 PROJECT CONDITIONS 
 

A. Do not use materials that contain flammable solvents. 
 

B. Scheduling: 

1. Schedule installation of cast-in place firestop devices after completion of floor formwork, metal 
form deck, or composite deck but before placement of concrete. 

2. Schedule installation of other firestopping materials after completion of penetrating item 
installation but prior to covering or concealing of openings. 

 
C. Verify existing conditions and substrates before starting work. Correct unsatisfactory conditions before 

proceeding. 
 

D. Weather conditions: Do not proceed with installation of firestop materials when temperatures exceed the 
manufacturer's recommended limitations for installation printed on product label and product data sheet. 

 
E. During installation, provide masking and drop cloths to prevent firestopping materials from 

contaminating any adjacent surfaces. 
 

 
PART 2 - PRODUCTS 
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2.1 GENERAL 
 

A. Provide firestopping composed of components that are compatible with each other, the substrates 
forming openings, and the items, if any, penetrating the firestopping under conditions of service and 
application, as demonstrated by the firestopping manufacturer based on testing and field experience. 

 
B. Provide components for each firestopping system that are needed to install fill material. Use only 

components specified by the firestopping manufacturer and approved by the qualified testing agency for the 
designated fire-resistance-rated systems. 

 
C. Provide a round enclosed fire rated cable management device whenever cable bundles penetrate fire rated 

walls. The cable management device shall contain integrated intumescent firestop wrap strip materials 
sufficient to maintain the hourly rating of the barrier being penetrated. The cable management device shall 
contain a smoke seal fabric membrane or intumescent firestop plugs sufficient to achieve the L-Rating 
requirements of the barrier type. 

 
D. Provide non-curing, re-penetrable, intumescent firestop materials around communications cable trays or 

ladder racks penetrating through a fire rated wall. The firestop system assembly shall be able accessible 
and re-installed from one side of the wall. The firestop material shall allow up to 12” of unreinforced annular 
space. 

 
E. Penetrations in Fire Resistance Rated Walls: Provide firestopping with ratings determined in accordance 

with UL 1479 or ASTM E 814. 

1. F-Rating: Not less than the fire-resistance rating of the wall construction being penetrated. 
F. Penetrations in Horizontal Assemblies: Provide firestopping with ratings determined in accordance with 

UL 1479 or ASTM E 814. 

1. F-Rating: Minimum of 1-hour rating, but not less than the fire-resistance rating of the floor 
construction being penetrated. 

2. T-Rating: when penetrant is located outside of a wall cavity, minimum of 1-hour rating, but not less 
than the fire-resistance rating of the floor construction being penetrated. 

3. W-Rating: Class 1 rating in accordance with water leakage test per UL 1479. 
 

G. Penetrations in Smoke Barriers: Provide firestopping with ratings determined in accordance with UL 1479 or 
ASTM E 814. 

1. L-Rating: Not exceeding 5.0 cfm/sq. ft. of penetration opening at both ambient and elevated 
temperatures. 

 
H. Mold Resistance: Provide penetration firestopping with mold and mildew resistance rating of 0 as 

determined by ASTM G21. 
 

2.2 ACCEPTABLE MANUFACTURERS 
 

A. Subject to compliance with through penetration firestop systems (XHEZ) listed in Volume II of the UL 
Fire Resistance Directory, provide products of the following manufacturers as identified below: 

1. Hilti, Inc., Tulsa, Oklahoma 
800-879-8000 
www.us.hilti.com 

2. Provide products from the above acceptable manufacturer; no substitutions will be accepted. 
 

2.3 MATERIALS 

http://www.us.hilti.com/
http://www.us.hilti.com/
http://www.us.hilti.com/
http://www.us.hilti.com/
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A. Use only firestop products that have been UL 1479 or ASTM E 814 tested for specific fire-rated 

construction conditions conforming to construction assembly type, penetrating item type, annular space 
requirements, and fire-rating involved for each separate instance. 

 
B. Re-penetrable, cable management products for use with new cable bundles penetrating gypsum or 

masonry walls, the following products are acceptable: 

1. Hilti Speed Sleeve (CP 653) for openings equal to or less than 4” diameter. 
2. Hilti Firestop Block (CFS-BL) for openings larger than 4” diameter. 
3. Hilti Gangplate (CFS-SL GP) for use with multiple cable management devices. 

 
C. Re-penetrable, cable management products for use with pre-existing (retrofit) cable bundles penetrating 

gypsum or masonry walls, the following products are acceptable: 

1. Hilti Firestop Retrofit Sleeve Kit (CFS-SL RK) for sleeved openings equal to or less than 4” 
diameter. 

2. Hilti Firestop Cable Collar (CFS-CC) for un-sleeved openings equal to or less than 4” diameter. 
3. Hilti Firestop Block (CFS-BL) for openings larger than 4” diameter. 

 
D. Pre-formed, round firestop devices with integrated intumescent strips for use with noncombustible and 

combustible pipes (closed and open systems), conduit, and/or cable bundles penetrating concrete floors 
and/or gypsum walls, the following products are acceptable: 
1. Hilti Cast-In Place Firestop Device (CP 680-P) for use with combustible penetrants. 
2. Hilti Cast-In Place Firestop Device (CP 680-M) for use with noncombustible penetrants. 
3. Hilti Speed Sleeve (CP 653) for use with cable penetrations. 
4. Hilti Firestop Drop-In Device (CFS-DID) for use with noncombustible and combustible 

penetrants. 
 

E. Sealants, foams or caulking materials for use with non-combustible items including rigid steel conduit 
and electrical metallic tubing (EMT), the following products are acceptable: 

1. Hilti Intumescent Firestop Sealant (FS-ONE) 
2. Hilti Fire Foam (CP 620) 
3. Hilti Flexible Firestop Sealant (CP 606) 
4. Hilti Elastomeric Firestop Sealant (CP 601S) 

 
F. Intumescent sealants, caulking materials for use with combustible items (penetrants consumed by high 

heat and flame) including PVC jacketed, flexible cable or cable bundles, and plastic pipe, the following 
products are acceptable: 

G. Hilti Intumescent Firestop Sealant (FS-ONE)Foams, intumescent sealants, or caulking materials for 
use with flexible cable or cable bundles, the following products are acceptable: 

1. Hilti Intumescent Firestop Sealant (FS-ONE) 
2. Hilti Fire Foam (CP 620) 
3. Hilti Flexible Firestop Sealant (CP 606) 
4. Hilti Elastomeric Firestop Sealant (CP 601S) 

 
H. Non-curing, re-penetrable intumescent putty or foam materials for use with flexible cable or cable 

bundles, the following products are acceptable: 

1. Hilti Firestop Putty Stick (CP 618) 
2. Hilti Firestop Plug (CFS-PL) 

 
I. Wall opening protective materials for use with U.L. listed metallic and specified nonmetallic outlet boxes, the 
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following products are acceptable: 

1. Hilti Firestop Putty Pad (CP 617) 
2. Hilti Firestop Box Insert 

 
J. Materials used for large openings and complex penetrations made to accommodate cable trays and 

bundles, multiple steel and copper pipes, electrical busways in raceways, the following products are 
acceptable: 

1. Hilti Firestop Mortar (CP 637) 
2. Hilti Firestop Block (CFS-BL) 
3. Hilti Fire Foam (CP 620) 
4. Hilti Firestop Board (CP 675T) 

 
K. Non curing, re-penetrable materials used for large openings and complex penetrations made to 

accommodate cable trays and bundles, multiple steel and copper pipes, electrical busways in raceways, 
the following products are acceptable: 

1. Hilti Firestop Block (CFS-BL) 
2. Hilti Firestop Board (CP 675T) 

 
L. For blank openings made in fire-rated wall or floor assemblies, where future penetration of pipes, 

conduits, or cables is expected, the following products are acceptable: 

1. Hilti Firestop Block (CFS-BL) 
2. Hilti Firestop Plug (CFS-PL) 

 
PART 3 - EXECUTION 

 
3.1 PREPARATION 

 
A. Verification of Conditions: Examine areas and conditions under which work is to be performed and 

identify conditions detrimental to proper or timely completion. 

1. Verify penetrations are properly sized and in suitable condition for application of materials. 
2. Surfaces to which firestop materials will be applied shall be free of dirt, grease, oil, rust, laitance, 

release agents, water repellents, and any other substances that may affect proper adhesion. 
3. Provide masking and temporary covering to prevent soiling of adjacent surfaces by firestopping 

materials. 
4. Comply with manufacturer's recommendations for temperature and humidity conditions before, 

during and after installation of firestopping. 
5. Do not proceed until unsatisfactory conditions have been corrected. 

 
3.2 COORDINATION 

 
A. Coordinate location and proper selection of cast-in-place Firestop Devices with trade responsible for the 

work. Ensure device is installed before placement of concrete. 
 

3.3 INSTALLATION 
 

A. Regulatory Requirements: Install firestop materials in accordance with UL Fire Resistance Directory. 
 

B. Manufacturer's Instructions: Comply with manufacturer's instructions for installation of through- 
penetration materials. 
1. Seal all holes or voids made by penetrations to ensure an air and water resistant seal. 
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2. Protect materials from damage on surfaces subjected to traffic. 
 

3.4 FIELD QUALITY CONTROL 
 

A. Examine sealed penetration areas to ensure proper installation before concealing or enclosing areas. 
 

B. Keep areas of work accessible until inspection by applicable code authorities. 
 

C. Inspection of through-penetration firestopping shall be performed in accordance with ASTM E 2174, 
“Standard Practice for On-Site Inspection of Installed Fire Stops” or other recognized standard. 

 
D. Perform under this section patching and repairing of firestopping caused by cutting or penetrating of 

existing firestop systems already installed by other trades. 
 

3.5 ADJUSTING AND CLEANING 
 

A. Remove equipment, materials and debris, leaving area in undamaged, clean condition. 
 

B. Clean all surfaces adjacent to sealed holes and joints to be free of excess firestop materials and soiling as 
work progresses. 

END OF SECTION 27 05 37 
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SECTION 27 05 53 - IDENTIFICATION FOR COMMUNICATIONS SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section.  

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of 

this section and shall have the same force as if printed herein full. 
 

B. This document describes the equipment and execution requirements relating to 
Identification for Communications Systems. 

 
C. Equipment specifications, general considerations, and guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in 
this document and on the drawings. 

 
1.3 WORK INCLUDED 

 
A. The work included under this Specification consists of furnishing all labor, equipment, 

materials, supplies and performing all operations necessary to complete installation. 
The Contractor will provide and install all of the required material whether specifically 
addressed in the Specification or not. 

 
PART 2 – PRODUCTS 

 
2.1 LABELING REQUIREMENTS 

 
A. Labeling shall be done in accordance with the recommendations made in the 

ANSI/TIA-606-A document, manufacturer's recommendations and best 
industry practices. 

 
B. All indoor labels shall be clear with black text. All outdoor labels will be designed 

for outdoor use. Manhole labels will be metal tags. 
 

C. Termination racks and equipment cabinets shall be labeled according to the 
drawings with engraved black on white plastic nameplates at the top of the 
enclosure. ¼” font minimum. 

 
D. Patch panels shall be labeled according to the drawings and industry standards to 

identify each panel starting from the top of the enclosure. ¼” font. Patch panels shall 
be labeled according to owners existing standard of execution. 

 
E. All cabinet mounted communications equipment shall be labeled. ¼” font 

 
F. All cables shall be labeled with machine generated, 12 pt font, wrap around self 

protecting labels. 
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G. A total of three no less then (3) labels per horizontal cable are required at the 
following intervals: 6" from termination of cable at outlet and block/patch panel and at 
all penetrations. 

 
H. Labeling scheme shall be alphanumeric and approved by project manager. 

 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Provide and generate all labeling per EIA/TIA 606-A (no labels will be furnished by the 

Owner). 
 

B. Labels shall be developed and printed using a software program. 
 

C. Software program and all in-puts shall be turned over to the Owner at the end of the 
project. 

 
3.2 INSTALLATION 

 
A. All labels shall be installed straight. 

 
B. Provide labels at locations as indicated on the drawings and as follows: 

1. Outlet face plates 
2. Outlet cable inside box 
3. Outlet cable at rear of patch panel 
4. Port on front of patch panel 
5. Front of fiber patch panel 
6. Fiber optic cable at rear of fiber optic patch panel 
7. Riser cables whenever exposed on minimum 10' intervals 
8. Riser cable at point of termination 
9. Cables at voice blocks 
10. Ends of any cable put in place that is not terminated 
11. On front of racks and cabinets frames 
12. Patch cords (both ends) 
13. Cables in manholes stating serving and destination locations 
14. All spaces, pathways, termination hardware, grounding system and 

equipment shall be labeled. 
15. On ceiling grid below location where an “above ceiling” outlet is installed. 

 
3.3 TEMPORARY LABELS 

 
A. Provide temporary labels on all outlet cables as it is roughed-in. 

 
3.4 TEXT SIZE AND INFORMATION 

 
A. Text size should be as large and as bold as possible. 

 
B. Exact text required information is shown on the drawings. 

 
C. All outlet, outlet cables, and riser cables labels shall contain: 
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1. Designation number 
2. "To" and "From" information 
3. Room numbers 

 
3.5 LABELING REFERENCE CHARTS 

 
A. Contractor to provide a labeling reference chart(s) indicating the following: 

1. Voice riser termination of pairs at each end 
2. Voice outlet cable pair termination at the voice block 
3. Data patch panel outlet port termination 
4. Fiber riser terminations at each end 

 
3.6 AS BUILT DOCUMENTATION 

 
A. Contractor to add labeling information to as built drawings at end user locations. 

 

END OF SECTION 27 05 53 
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SECTION 27 08 00 - COMMISSIONING OF COMMUNICATIONS SYSTEMS 
 
PART 1 – GENERAL  

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of this section and 

shall have the same force as if printed herein full. 
 

B. This document describes the equipment and execution requirements relating to Commissioning of 
Communications. 

 
C. Equipment specifications, general considerations, and guidelines are provided in this document. The 

successful vendor shall meet or exceed all requirements described in this document and on the 
drawings. 

 
1.3 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, equipment, materials, supplies 

and performing all operations necessary to complete installation. The Contractor will provide and install 
all of the required material whether specifically addressed in the Specification or not. 

 
PART 2 - TESTING 

 
2.1 TESTING REQUIREMENTS 

 
A. General: 

1. All cables and termination hardware shall be 100% tested for defects in installation and to verify 
cabling system performance under installed conditions according to the requirements of 
ANSI/TIA-568-C.0, ANSI/TIA-568-C.1, and/or ANSI/TIA-1152. All conductors/strands of each 
installed cable shall be verified prior to system acceptance. Any defect in the cabling system 
installation including but not limited to cable, connectors, feed through couplers, patch panels, 
and connector blocks shall be repaired or replaced in order to ensure 100% useable 
conductors/strands in all cables installed. 

 
B. Copper Testing: 

1. All twisted-pair copper cable links shall be tested for continuity, pair reversals, shorts, opens and 
performance as indicated below. Additional testing is required to verify Category 6 performance. 
Horizontal balanced twisted pair cabling shall be tested using a level IIe, III, or IV test unit for 
category 6 performance compliance. 

2. Continuity - Each pair of each installed cable shall be tested using a test unit that shows 
opens, shorts, polarity and pair-reversals, crossed pairs and split pairs. The test shall be 
recorded as pass/fail as indicated by the test unit and referenced to the appropriate cable 
identification number and circuit or pair number. Any faults in the wiring shall be corrected and 
the cable re-tested prior to final acceptance. 

3. Length - Each installed cable link shall be tested for installed length using a TDR type device. 
The cables shall be tested from patch panel to patch panel, block to block, patch panel to outlet 
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or block to outlet as appropriate. The cable length shall conform to the maximum distances set 
forth in the ANSI/TIA-568-C.2 Standard. Cable lengths shall be recorded, referencing the cable 
identification number and circuit or pair number. For multi-pair cables, the shortest pair length 
shall be recorded as the length for the cable. 

4. Approved tester is as follows: 
Fluke DTX 

C. Fiber Testing: 

1. All fiber testing shall be performed on all fibers in the completed end-to-end system. There 
shall be no splices unless clearly defined in the Specifications and/or Drawings. These tests 
also include continuity checking of each fiber. 

2. Multimode: 

a. Test the optical fiber cable bi-directionally and uni-directionally with a Fluke DTX. 
Fiber must be tested at both 850nm and 1300nm. Maximum attenuation dB/Km @ 
850nm/1300nm shall be 3.5/1.5. Maximum attenuation per connector pair shall be 
.75 dB. Attenuation testing shall be performed with a stable launch condition using a 
one-meter or two-meter jumper, wrapped around a mandrel sized according to fiber 
type, to attach the light source to the cable plant. Fiber jumper shall be wrapped around 
mandrel no less than five (5) times. The jumper-mandrel assembly shall remain 
connected to the light source after calibration and the power meter moved to the far end 
using a new jumper to take measurements. Test set-up and performance shall be 
conducted in accordance with ANSI/TIA-568-C.3, and to the manufacturer's application 
guides. 

 
3. Singlemode: 

a. Test the optical fiber cable bi-directionally with an OTDR and uni-directionally with a 
power meter/light source. Fiber must be tested at both 1310nm and 1550nm. Maximum 
attenuation dB/Km @ 1310nm/1550nm shall be 0.5/0.5 for outside plant and 1.0/1.0 for 
inside plant. Maximum attenuation per connector pair shall be .75 dB. Attenuation testing 
shall be performed with a stable launch condition using one-meter or two-meter jumpers 
to attach the test equipment to the cable plant.  The light source shall be left in place after 
calibration and the power meter moved to the far end to take measurements.  Test set-up 
and performance shall be conducted in accordance with ANSI/TIA-568-C.3, and to the 
manufacturer's application guides. 

 
4. Approved optical fiber test equipment manufacturers are as follows: 

a. Power Meters & Light Sources 
Optical Wavelength Laboratories (OWL) 
Photonix 
Fluke 
Agilent 

b. Optical Time Domain Reflectometers (OTDR) 
GN Nettest 
Agilent 
Fluke 
Anritsu 
Fiber Instrument Sales - Model # OVHQUAD 

 
D. Test Results: 

1. Test documentation shall be provided in 3 hard copies and 3 electronic copies on disk as part of 
the as-built package. The disk shall be clearly marked on the outside front cover with the words 
“Project Test Documentation,” the project name, and the date of completion (month and year). 
The results shall include a record of test frequencies, cable type, conductor pair (or strand) and 
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cable (or outlet) I.D., measurement direction, reference setup, and crew member name(s). The 
test equipment name, manufacturer, model number, serial number, software version and last 
calibration date will also be provided at the end of the document. Unless the manufacturer 
specifies a more frequent calibration cycle, an annual calibration cycle is anticipated on all test 
equipment used for this installation. The test document shall detail the test method used and the 
specific settings of the equipment during the test as well as the software version being used in 
the field test equipment. 

2. The field test equipment shall meet the requirements of ANSI/TIA-568-C.2, ANSI/TIA-568- 
C.3, and/or ANSI/TIA-1152. 

3. Three bound printouts generated for each cable by the wire (or fiber) test instrument shall be 
submitted as part of the documentation package. These CDs shall contain the electronic 
equivalent of the test results as defined by the Specification and be of a format readable from 
Microsoft Word. 

4. When repairs and re-tests are performed, the problem found and corrective action taken shall be 
noted, and both the failed and passed test data shall be documented. 

 
PART 3 - DOCUMENTATION, AS-BUILTS, TRAINING AND RECORDS 

 
3.1 DOCUMENTATION AND AS-BUILTS 

 
A. As-Built record documentation for communications work shall include: 

1. Cable routing and identification 
2. End user outlet labeling 
3. System function diagrams 
4. Manufacturers' description literature for equipment 
5. Connection and programming schedules as appropriate 
6. Equipment material list including quantities 
7. Spare parts list with quantities 
8. Details not on original Contract Documents 
9. Test results 
10. Warranties 
11. Release of liens 

 
B. The Contractor shall provide and maintain at the site a set of prints on which shall be accurately shown 

the actual installation of all work under this section, indicating any variation from contract drawings, 
including changes in pathways, sizes, locations and dimensions. All changes shall be clearly and 
completely indicated as the work progresses. 

 
C. Progress prints shall be available for inspection by the Owner or any of his representatives and may be 

used to determine the progress of communications infrastructure work. 
 

D. At the completion of the work, prepare a new set of as-built drawings, of the work as actually noted on 
the marked-up prints, including the dimensioned location of all pathways. 

 
E. Furnish as-built drawings and documentation to the Project Manager. As-built drawings shall be 

generated in AutoCad 2006 or later. Submit 3 copies of as-built drawings electronically on C.D. and 
hard copy. 

 
3.2 OPERATIONS AND MAINTENANCE MANUAL 

 
A. After completion of the work, the Contractor shall furnish and deliver to the Engineer three (3) copies of a 

complete Operations & Maintenance Manual. A system wiring diagram shall be furnished for each 
separate system. 
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B. The manual shall be subdivided into separate sections with tab dividers to identify subsystems of the 

integrated system. Reference appropriate Specification sections. 
 

C. Provide the following additional information for each electronic system. Information shall be edited for this 
project where applicable. 
1. Operations manuals for components and for systems as a whole. 
2. Maintenance manuals for components and for system as a whole. 
3. Point-to-point diagrams, cabling diagrams, construction details and cabling labeling details. 
4. List of spare parts, materials and suppliers of components. Provide name, address and 

telephone number for each supplier. 
5. Emergency instructions for operational and maintenance requirements. 
6. Delivery time frame for replacement of component parts from suppliers. 
7. Recommended inspection schedule and procedures for components and for system as a whole. 
8. List of spare parts, materials and suppliers of components. Provide name, address and 

telephone number for each supplier. 
9. Complete “reviewed” shop drawings and product data for components and system as a whole. 
10. Troubleshooting procedures for each system and for each major system component. 

 
 

3.3 TRAINING 
 

A. The Contractor shall be responsible for training of facility personnel. Training shall take place after 
occupancy and before acceptance and shall include programs for on-site operations and maintenance of 
technology and communications systems. Training shall be for not more than ten (10) people, shall be 
held at the Owner's site and shall be of sufficient duration and depth to ensure that the trained personnel 
can operate the installed systems and can perform usual and customary maintenance actions. The 
contractor shall record the training and provide (3) DVD copies of the training to the project 

manager. 
 
3.4 WARRANTY 

 
A. General: 

1. All equipment is to be new and warranted free of faulty workmanship and damage. 
2. Replacement of defective equipment and materials and repair of faulty workmanship within 24 

hours of notification, except emergency conditions (system failures), which must be placed back 
in service within eight (8) hours of notification, all at no cost to the Owner. 

3. The minimum warranty provisions specified shall not diminish the terms of individual 
equipment manufacturer's warranties. 

 
B. Voice and Data Structured Cabling: 

1. Manufacturer(s) shall provide a minimum 25-year warranty for components used in the 
installed Voice & Data Structured Cabling System. Defective and/or improperly installed 
products shall be replaced and/or correctly installed at no cost to the Owner. 

 
C. Coaxial Cabling Infrastructure: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the installed 
Coaxial Cabling Infrastructure. Defective and/or improperly installed products shall be replaced 
and/or correctly installed at no cost to the Owner. 

 
D. CATV Distribution System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed CATV Distribution System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 
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E. Audio-Visual Systems: 
1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 

installed Audio-Visual Systems. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
F. Overhead Paging System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Overhead Paging System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
G. Sound Masking System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Sound Masking System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
H. Network Equipment: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed WAN and LAN Network equipment. Defective and/or improperly installed products 
shall be replaced and/or correctly installed at no cost to the Owner. 

 
I. Voice Equipment: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Voice equipment. Defective and/or improperly installed products shall be replaced 
and/or correctly installed at no cost to the Owner. 

 
J. Wireless Access System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Wireless Access System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
K. Emergency Phones / Call Boxes: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the installed 
Emergency Phones / Call Boxes. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

L. Pathway and Support Infrastructure: 
1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 

installed Pathway & Support Infrastructure. Defective and/or improperly installed products 
shall be replaced and/or correctly installed at no cost to the Owner. 

 

END OF SECTION 27 08 00 
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SECTION 27 11 00 - COMMUNICATIONS EQUIPMENT ROOM FITTINGS 

PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Scope of Work: 

1. The spaces required for technology systems support are defined in this document and the 
project drawings. They generally fall into specific areas as follows; Telecommunications 
Entrance Room (TSER), Equipment Room (ER), Main Distribution Frame (MDF), Intermediate 
Distribution Frame (IDF) or Horizontal Connection (HC) and Data Center MDA and HDA. In 
many cases the purpose of these room are combined to operate efficiently. All spaces work 
together to form the framework and infrastructure required for the complete and operational 
technology platform. 

 
B. Section Includes: 

1. Telecommunications mounting elements. 
2. Backboards. 
3. Telecommunications equipment racks and cabinets. 
4. Telecommunications service entrance pathways. 
5. Grounding. 

 
1.3 DEFINITIONS 

 
A. Basket Cable Tray: A fabricated structure consisting of wire mesh bottom and side rails. 

 
B. BICSI:  Building Industry Consulting Service International. 

 
C. Channel Cable Tray: A fabricated structure consisting of a one-piece, ventilated-bottom or solid- 

bottom channel not exceeding 6 inches in width. 
 

D. Ladder Cable Tray: A fabricated structure consisting of two longitudinal side rails connected by 
individual transverse members (rungs). 

 
E. LAN: Local area network. 

 
F. RCDD: Registered Communications Distribution Designer. 

 
G. Solid-Bottom or Nonventilated Cable Tray: A fabricated structure consisting of a bottom without 

ventilation openings within integral or separate longitudinal side rails. 
 

H. Trough or Ventilated Cable Tray: A fabricated structure consisting of integral or separate longitudinal rails 
and a bottom having openings sufficient for the passage of air and using 75 percent or less of the plan 
area of the surface to support cables. 

 
1.4 SUBMITTALS 
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A. Product Data: For each type of product indicated. Include construction details, material descriptions, 
dimensions of individual components and profiles, and finishes for equipment racks and cabinets. 
Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties 
and accessories. 

 
B. Shop Drawings: For communications equipment room fittings. Include plans, elevations, sections, 

details, and attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 

method of field assembly, components, and location and size of each field connection. 
2. Equipment Racks and Cabinets: Include workspace requirements and access for cable 

connections. 
3. Interface details: Include rack/cabinet locations, wall mounted equipment, overhead cable 

tray, lighting fixtures, and power interface. 
4. Grounding: Indicate location of grounding bus bar and its mounting detail showing standoff 

insulators and wall mounting brackets. 
 

C. Qualification Data: For installer, qualified layout technician, installation supervisor, and field 
inspector. 

 
D. Seismic Qualification Certificates: For floor-mounted cabinets, accessories, and components, from 

manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and 
describe mounting and anchorage provisions. Base certification on the maximum number of 
components capable of being mounted in each rack type. Identify components on which 
certification is based. 

3. Detailed description of equipment anchorage devices on which the certification is based and 
their installation requirements. 

 
1.5 QUALITY ASSURANCE 

 
A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 

1. Layout Responsibility: Preparation of Shop Drawings shall be under the direct supervision of 
RCDD. 

2. Installation Supervision: Installation shall be under the direct supervision of Registered 
Technician, who shall be present at all times when Work of this Section is performed at Project 
site. 

3. Field Inspector: Currently registered by BICSI as RCDD to perform the on-site inspection. 
 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

 
C. Telecommunications Pathways and Spaces: Comply with TIA/EIA-569-A. 

 
D. Grounding: Comply with ANSI-J-STD-607-A. 

 
1.6 PROJECT CONDITIONS 

 
A. Environmental Limitations: Do not deliver or install equipment frames and cable trays until spaces are 

enclosed and weather-tight, wait until work in spaces is complete and dry, and work above ceilings is 
complete. 
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1.7 COORDINATION 
 

A. Coordinate layout and installation of communications equipment with Owner's telecommunications and 
LAN equipment and service suppliers. Coordinate service entrance arrangement with local exchange 
carrier. 
1. Meet jointly with telecommunications and LAN equipment suppliers, local exchange carrier 

representatives, and Owner to exchange information and agree on details of equipment 
arrangements and installation interfaces. 

2. Record agreements reached in meetings and distribute them to other participants. 
3. Adjust arrangements and locations of distribution frames, cross-connects, and patch panels in 

equipment rooms to accommodate and optimize arrangement and space requirements of 
telephone switch and LAN equipment. 

4. Adjust arrangements and locations of equipment with distribution frames, cross-connects, and 
patch panels of cabling systems of other communications, electronic safety and security, and 
related systems that share space in the equipment room. 

B. Coordinate location of power raceways and receptacles with locations of communications equipment 
requiring electrical power to operate. 

 
PART 2 - PRODUCTS 

 
2.1 PATHWAYS 

 
A. General Requirements: Comply with TIA/EIA-569-A. 

 
B. Cable Support: NRTL labeled. Cable support brackets shall be designed to prevent degradation of 

cable performance and pinch points that could damage cable. Cable tie slots fasten cable ties to 
brackets. 

1. Comply with NFPA 70 and UL 2043 for fire-resistant and low-smoke-producing characteristics. 
2. Support brackets with cable tie slots for fastening cable ties to brackets. 
3. Lacing bars, spools, J-hooks, D-rings and waterfalls. 
4. Straps and other devices. 

 
C. Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for 

Electrical Systems." Flexible metal conduit shall not be used. 

1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2 inches deep. 
2. Each equipment rack or cabinet will have two (2) dedicated 120 Volt, 20 amp circuits from the 

emergency power distribution system or UPS. 
 
2.2 BACKBOARDS 

 
A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches installed 6” above finished floor, 

AFF. Comply with requirements for plywood backing panels specified in Division 06 Section "Rough 
Carpentry" on all 4 walls of the technology spaces. 

 
2.3 FIRESTOPPING 

 
A. Sleeves: 

1. Specified Technologies, Inc., EZ Path. 

a. Series 22 
b. Series 33 
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c. Series 44 
 

2. Hilti, Speed Sleeve 

a. CP 653/236323 
b. CP 653/236324 
c. CP 658/3409155 
d. CP 658/3409157 

 
B. Mechanical Firestop Appliances: 

1. Dorn Equipment Corp, FirSto 

a. FSP Series 
 

C. Firestop Material 

1. Hilti, Firestop Plug (removable) 

a. CFS-PL Series 
 
2.4 GROUNDING 

 
A. Comply with requirements in Division 26 Section "Grounding and Bonding for Electrical Systems." for 

grounding conductors and connectors. 
 

B. Telecommunications Main Bus Bar: 
1. Connectors: Mechanical type, cast silicon bronze, exothermic-type wire terminals, and long- 

barrel, two-bolt connection to ground bus bar. 
2. Ground Bus Bar: Copper, minimum 1/4 inch thick by 4 inches wide with 9/32-inch holes 

spaced 1-1/8 inches apart. 
3. Stand-Off Insulators: Comply with UL 891 for use in switchboards, 600 V. Lexan or PVC, 

impulse tested at 5000 V. 
C. Comply with ANSI-J-STD-607-A. 

 
2.5 LABELING 

 
A. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, including label stocks, 

laminating adhesives, and inks used by label printers. 
 
PART 3 - EXECUTION 

 
3.1 ENTRANCE FACILITIES 

 
A. Contact telecommunications service provider and arrange for installation of demarcation point, 

protected entrance terminals, and housing when so directed by service provider. 
 

B. Install underground pathways complying with recommendations in TIA/EIA-569-A, "Entrance 
Facilities" Article. 

 
C. Install underground entrance pathway complying with Division 26 Section "Raceway and Boxes for 

Electrical Systems." 
 
3.2 INSTALLATION 
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A. Comply with NECA 1. 

 
B. Comply with BICSI TDMM for layout and installation of communications equipment rooms. 

 
C. Cable Trays: Comply with NEMA VE 2 and TIA/EIA-569-A-7. 

 
D. Bundle, lace, and train conductors and cables to terminal points without exceeding manufacturer's 

limitations on bending radii. Install lacing bars and distribution spools. 
 
3.3 FIRESTOPPING 

 
A. Comply with requirements in Division 07 Section "Penetration Firestopping". Comply with TIA/EIA- 

569-A, Annex A, "Firestopping." 
 

B. Comply with BICSI TDMM, "Firestopping Systems" Article. 
 
3.4 GROUNDING 

 
A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter. 

 
B. Comply with ANSI-J-STD-607-A. 

 
C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at 

least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 
4 AWG grounding electrode conductor from grounding bus bar to suitable electrical building ground. 

 
D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment 

grounding conductor. 
1. Bond the shield of shielded cable to the grounding bus bar in communications rooms and 

spaces. 
 
3.5 IDENTIFICATION 

 
A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A. 

 
B. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 

 
C. Comply with requirements in Division 09 Section "Interior Painting" for painting backboards. For fire- 

resistant plywood, do not paint over manufacturer's label. 
D. Labels shall be preprinted or computer-printed type. 

 
 
END OF SECTION 27 11 00 
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SECTION 27 11 16 - COMMUNICATIONS CABINETS, RACKS AND ENCLOSURES 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section.  

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 26 – Electrical and Division 27 - 

Communications shall be considered a part of this section and shall have the 
same force as if printed herein full. 

 
B. This document describes the products and execution requirements relating to 

Communications Cabinets, Racks and Enclosures. 
 

C. Product specifications, general design considerations, and installation guidelines 
are provided in this document. The successful vendor shall meet or exceed all 
requirements described in this document and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, 

equipment, materials, supplies and performing all operations necessary to 
complete the installation. The Contractor will provide and install all of the required 
material whether specifically addressed in the Specification or not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Equipment Rack/Cabinet/Shelf Manufacturer(s): 

1. Leviton 
2. Panduit 

 
2.2 EQUIPMENT RACKS/CABINETS/SHELVES 

 
A. Equipment Racks: 

1. The equipment rack shall be constructed of high strength steel. 
2. The vertical rails of the equipment rack shall be equipped with the EIA hole 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00            COMMUNICATIONS CABINETS, RACKS AND ENCLOSURES 27 11 16 - 2  

pattern. Each rack will include 100 each combination pan head mounting 
screws. 

3. Each equipment rack requires (1) 20 Amp circuit with a quad receptacle 
mounted at the bottom of the rack, provided by others. Where two racks are 
side by side only (1) receptacle shall be mounted in between. 

4. Rack shall be: 7' H x 19" W x 6” deep and floor mounted. 
5. Rack color shall be black and contain 45 RU of mounting space. 
6. Racks shall include both vertical and horizontal slotted duct style cable 

management systems as shown on the drawings. 
 

B. Equipment Cabinets: (see drawings for part numbers and additional requirements) 

1. The frame of the equipment cabinet shall be constructed of high 
strength, lightweight aluminum or high strength steel. 

2. Front and rear doors of the equipment cabinet shall be key lockable. 
3. All cabinets on this project will be keyed alike unless otherwise noted. 
4. The vertical 19” mounting rails of the equipment cabinet shall be equipped 

with the EIA hole pattern and will include 100 each mounting screws. 
5. Each cabinet requires (2) 20 Amp circuits, provided by others. 
6. The equipment cabinet shall be equipped with a fan unit. 
7. Cabinet shall be: 7' H x 24" W x 30" D floor mounted with 45 RU. 
8. Cabinet color shall be black, unless specified elsewhere. 

 
C. Single-Sided Equipment Shelves: 

1. The single-sided equipment shelf shall be constructed of high strength, 
lightweight aluminum. 

2. The single-sided equipment shelf shall be a minimum depth of 15". 
3. The single-sided equipment shelf shall support a minimum of 50lbs. 
4. Single-Sided Equipment Shelf color shall be black. 

 
PART 3 - EXECUTION 

 
3.1 EQUIPMENT RACKS/CABINETS/SHELVES 

 
A. Equipment racks shall be securely attached to the concrete floor using minimum 3/8" 

hardware or as required by local codes. 
 

B. Equipment racks will have double sided, 6” vertical cable management systems on 
each side of them. CMS will be finger type with covers. 

 
C. Equipment cabinets shall be installed as per the requirements specified by the 

manufacturer's installation guidelines. 
 

D. Equipment racks/cabinets shall be placed with a minimum of 36-inch clearance 
from the walls from the front and rear of the rack or as indicated on Drawings. 

 
E. All equipment racks/cabinets shall be grounded to the telecomm ground bus bar. 

 
F. Mounting screws not used for installing patch panels and other hardware shall be 

bagged and left with the rack upon completion of the installation. 
 

3.2 BACKBOARDS 
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A. Backboards shall be fire-rated 3/4" void free plywood. Size of backboard shall be 4' x 
8', mounted 6” AFF unless noted differently on Drawings. Backboards shall be painted 
with two (2) coats of light gray fire-retardant paint. Do not paint over label. 

 
3.3 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Comm Systems for labeling details.  

 

END OF SECTION 27 11 16 
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SECTION 27 11 19 - COMMUNICATIONS TERMINATION BLOCKS AND PATCH PANELS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section. 

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of 

this section and shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to 
Communications Termination Blocks and Patch Panels. 

 
C. Product specifications, general design considerations, and installation guidelines 

are provided in this document. The successful vendor shall meet or exceed all 
requirements described in this document and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, 

equipment, materials, supplies and performing all operations necessary to 
complete the installation. The Contractor will provide and install all of the required 
material whether specifically addressed in the Specification or not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty for each product type. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Patch Panel Manufacturer(s): 

1. Panduit, Basis of Design (Or Approved Equal) 
 

B. Approved Optical Fiber Enclosure Manufacturer(s): 
1. Corning, Basis of Design (No substitutions) 

 
C. Approved Termination Block Manufacturer(s): 

1. Panduit, Basis of Design (Or Approved Equal) 
 
2.2 PATCH PANELS 

 
A. Category 6 Patch Panel: 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00           COMMUNICATIONS TERMINAL BLOCKS AND PATCH PANELS 27 11 19 - 2  

1. The Category 6 patch panel shall be compatible with 19" equipment racks, 
cabinets or wall mount brackets and provide for 48 ports unless otherwise 
noted on the drawings. 

2. The Category 6 patch panel shall be a 48 port unloaded panel that 
accepts key stone jacks that match data outlet plates. 

3. The Category 6 patch panel shall be equipped with front labeling space 
to facilitate port identification. 

4. The connector module shall meet or exceed the Category 6 performance 
criteria per ANSI/TIA- 568-C.2. 

5. All patch panels will have double sided, 2 RU cable management panels 
above and below them. Install CMS covers when installation is complete. 

 
2.3 OPTICAL FIBER PANELS/ENCLOSURES 

 
A. Rack Mount Optical Fiber Panel/Enclosure: 

1. The rack mount optical fiber panel/enclosure shall be equipped with 
either a swing out mechanism or a sliding drawer to access fibers. 

2. The rack mount optical fiber panel/enclosure shall be capable of terminating 
tight-buffered or loose tube optical fiber cable. 

3. The rack mount optical fiber panel/enclosure shall provide for bend radius 
control throughout the panel as well as storage space for slack cabling. 

4. The panel/enclosure shall meet or exceed the performance criteria per 
ANSI/TIA-568-C.3. 

5. The rack mount optical fiber panel/enclosure shall be equipped with 
optical fiber adapter panels. 

a. The optical fiber adapter panels shall accommodate either 
multimode or singlemode terminated optical fiber. 

b. The optical fiber adapter panels shall be compatible with LC 
connectors as indicated on the drawings. 

c. OM1 & OM2 multimode adaptors shall be beige in color and 
equipped with phosphor bronze sleeves. 

d. OM3 & OM4 laser optimized adaptors shall be aqua in color and 
equipped with zirconia ceramic sleeves. 

e. Singlemode adaptors shall be blue or green in color and 
equipped with zirconia ceramic sleeves. 

 
2.4 TERMINATION BLOCKS 

 
A. 110 Type Wiring Blocks/Cross-Connect Kits: 

1. The 110-type wiring blocks shall be available in 100- and/or 300-pair 
configurations. 

2. The 110-type wiring block shall be compatible with Category 6. 
3. The cross-connect kits shall include all the components required to complete 

a wall-mounted 110 cross-connect installation and be available in both 100- 
and/or 300-pair configuration. (Includes 110-blocks, connecting blocks and 
designation strips). 

4. The termination block shall meet or exceed the performance criteria per 
ANSI/TIA-568-C.2. 

5. Backbone blocks shall use 5-pair connecting blocks on each 25-pair row. 
6. Horizontal blocks shall use 4-pair connecting blocks on each 25-pair row. 

 
PART 3 - EXECUTION 
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3.1 PATCH PANELS 

 
A. Key stone colors shall match colors of the individual jack on each terminated outlet. 

 
B. Cables shall be dressed and terminated in accordance with the recommendations 

made in ANSI/TIA- 568-C.0 and/or ANSI/TIA-568-C.1, manufacturer's 
recommendations and best industry practice. 

 
C. Pair untwist at the termination shall not exceed 13 mm (0.5 inch). 

 
D. Bend radius of the cable in the termination area shall not exceed 4 times the outside 

diameter of the cable. 
 

E. Cables shall be neatly bundled and dressed to their respective patch panel. Each 
patch panel shall be fed by an individual bundle separated and dressed back to the 
point of cable entrance into the rack or frame. 

 
F. Each cable shall be clearly labeled on the cable jacket behind the patch panel at a 

location that can be viewed without removing the bundle support ties. Cables labeled 
within the bundle, where the label is obscured from view shall not be acceptable. 

 
3.2 OPTICAL FIBER PANELS/ENCLOSURES 

 
A. Cables shall be dressed and terminated in accordance with the recommendations 

made in ANSI/TIA- 568-C.0 and/or ANSI/TIA-568-C.1, manufacturer's 
recommendations and best industry practices. 

 
B. Each cable shall be individually attached to the respective splice enclosure by 

mechanical means. The cables strength member shall be securely attached the cable 
strain relief bracket in the enclosure. 

 
C. Bend radius of the optic fiber cable in the panel/enclosure shall not exceed 10 

times the outside diameter of the cable. 
D. Each fiber bundle shall be stripped upon entering the splice tray and the individual 

fibers routed in the splice tray. 
 

E. Each cable shall be clearly labeled at the entrance to the splice enclosure. Cables 
labeled within the bundle shall not be acceptable. 

 
F. All strands of fiber shall be spliced in each tray 

 
G. All spare strands shall be installed into spare splice trays. 

 
H. Fiber slack shall be neatly coiled within the fiber splice tray or enclosure. No 

slack loops shall be allowed external to the fiber panel. 
 
3.3 TERMINATION BLOCKS 

 
A. Cables shall be dressed and terminated in accordance with the recommendations 

made in ANSI/TIA- 568-C.0 and/or ANSI/TIA-568-C.1, manufacturer's 
recommendations and best industry practice. 
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B. Pair untwist at the termination shall not exceed 13 mm (0.5 inch). 
 

C. Bend radius of the cable in the termination area shall not exceed 4 times the outside 
diameter of the cable. 

 
D. Cables shall be neatly bundled and dressed to their respective termination block. 

Each termination block shall be fed by an individual bundle separated and dressed 
back to the point of cable entrance into the rack or frame. 

 
E. Each cable shall be clearly labeled on the cable jacket within 12" of the termination 

block at a location that can be viewed without removing the bundle support ties. Cables 
labeled within the bundle, where the label is obscured from view shall not be 
acceptable. 

 
F. Wall mounted termination block fields shall be mounted on communications 

backboard and labeled using industry standard 25 pair labeling strips. 
 

G. Wall mounted termination block fields shall be installed as per the requirements 
specified by the manufacturer's installation guidelines. 

 
3.4 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling 

details.  
 

END OF SECTION 27 11 19 
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SECTION 27 11 23 - COMMUNICATIONS CABLE MANAGEMENT AND LADDER RACK 
 
PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section. 

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of 

this section and shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to 
Communications Cable Management and Ladder Rack. 

 
C. Product specifications, general design considerations, and installation guidelines are 

provided in this document. The successful vendor shall meet or exceed all 
requirements described in this document and on the drawings.  

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4      WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, 

equipment, materials, supplies and performing all operations necessary to complete 
the installation. The Contractor will provide and install all of the required material 
whether specifically addressed in the Specification or not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty for each product type. 

 
 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Horizontal Cable Management Manufacturer(s): 

1. TE Connectivity, Basis of Design (No substitutions) 
 

B. Approved Vertical Cable Management Manufacturer(s): 

1. TE Connectivity, Basis of Design (No substitutions) 
 

C. Approved Ladder Rack System Manufacturer(s): 
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1. Chatsworth Products, Inc. 
2. B-Line 
3. Hoffman 

 
D. Approved Tie Wrap/Velcro Strap Manufacturer(s): 

1. Thomas & Betts 
 

E. Approved C-Ring/D-ring Manufacturer(s): 

1. Chatsworth Products, Inc. 
 
2.2 CABLE MANAGEMENT - HORIZONTAL 

 
A. Horizontal Cable Management: 

1. The horizontal wire manager shall be compatible with 19-inch equipment 
racks, cabinets or wall mount brackets. 

2. The horizontal cable manager shall be double sided and provide support for 
patch cords at the front and horizontal cables at the rear of the panel. 

3. The horizontal cable manager shall be 2 rack-units in height when matched 
with a 2 rack-unit patch panel or any switch. 

4. The horizontal cable manager shall be 1 rack-unit in height when matched 
with a 1 rack-unit patch panel. 

 
2.3 CABLE MANAGEMENT - VERTICAL 

 
A. Vertical Cable Management: 

1. The vertical cable manger shall be double-sided. 
2. The vertical cable manager shall provide support for patch cords at the front 

of the rack and wire management at the rear of the rack. 
3. The vertical cable manager shall be a minimum width of 4" and 6” deep. 
4. Vertical cable manager color shall be black. 

 
2.4 LADDER RACKS 

 
A. Ladder Rack System: 

1. See Drawings for ladder rack system details. 
2. The ladder rack system shall be securely mounted to the walls and 

the overhead with hardware designed for use in ladder rack systems. 
3. End caps shall be installed on the exposed ends of the ladder racks, channel 

supports and bolts. Protective covers shall be installed on threaded rods that 
come in contact with cabling plant. 

4. Ladder Rack System color shall be black. 
 
2.5 TIE WRAPS AND VELCRO STRAPS 

 
A. Tie Wraps and Velcro Straps: 
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1. Backbone cables shall be fastened to support structures with Velcro straps. 
2. Horizontal cables shall be fastened to support structures with Velcro straps. 

a. NO! plastic Tie Wraps shall be left on cables. 
b. Velcro Strap color shall be black. 

 
2.6 DISTRIBUTION RINGS 

 
A. Distribution Rings: 

1. Distribution Rings shall be used on backboards to support cables, patch 
cords and cross- connect wire. 

2. Distribution Rings shall be made of high-strength, fire-retardant material with 
rounded edges to prevent damage to cable and wire insulation.  

 
PART 3 - EXECUTION 

 
3.1 CABLE MANAGEMENT - HORIZONTAL 

 
A. Horizontal cable managers shall be installed starting with one above and then 

proceeding with one below each patch panels in a 1:1 ratio (one horizontal cable 
manager per patch panel) or as indicated on Drawings. 

 
3.2 CABLE MANAGEMENT - VERTICAL 

 
A. Vertical cable managers shall be installed on both sides of a single equipment rack. 

Where two (2) or more racks are positioned in a row, vertical cable managers shall be 
installed between each rack and each end of the row. 

 
3.3 LADDER RACKS 

 
A. Ladder rack system shall be installed straight, level and perpendicular to walls and 

ceiling slabs. 
 

B. Ladder racks shall be supported at 5' intervals maximum. 
 

C. Provide all hardware, accessories, fasteners, anchors, threaded rods and support 
channels required to provide a complete ladder rack system. 

 
D. See Drawings for ladder rack system details. 

3.4 TIE WRAPS AND VELCRO STRAPS 
 

A. Velcro straps shall be installed around cables at intervals of 12" minimum. 
 

B. Velcro straps shall secure cables to ladder racks using an “X” pattern. 
 

C. Do not over-cinch cables. 
 
3.5 DISTRIBUTION RINGS 

 
A. Distribution Rings shall be installed on backboard, straight and level. 

 
3.6 IDENTIFICATION 
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A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling 

details.  
 

END OF SECTION 27 11 23 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00       COMMUNICATIONS RACK MOUNTED POWER DISTRIBUTION 27 11 16 - 1  

SECTION 27 11 26 - COMMUNICATIONS RACK MOUNTED POWER DISTRIBUTION 
 
PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section.  

 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of 

this section and shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to 
Communications Rack Mounted Power Distribution. 

 
C. Product Specifications, general design considerations, and installation guidelines are 

provided in this document. The successful vendor shall meet or exceed all 
requirements described in this document and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, 

equipment, materials, supplies and performing all operations necessary to complete 
the installation. The Contractor will provide and install all of the required material 
whether specifically addressed in the Specification or not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty for each product type. 

 
PART 2 - PRODUCTS 
 
2.1 APPROVED PRODUCTS 

 
A. Approved Power Distribution Unit Manufacturer(s): 

1. Liebert 
 

B. Approved Rack Mounted UPS Manufacturer(s): 

1. Tripp Lite 
 
2.2 POWER DISTRIBUTION UNITS 

 
A. Power Distribution Unit, Rack mounted: 
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1. The power distribution unit shall be equipped with a minimum of twelve 
(12) 3-prong, 120 VAC outlets, 7' cord and shall not have an on/off switch. 

2. The power distribution unit shall be equipped with surge protection with a 
20 Amp current limit. 

3. The power distribution unit shall be equipped with a bracket that enables it 
to be mounted horizontally on a 19" rack or wall mount bracket without 
modification. 

 
B. Power Distribution Unit, Cabinet mounted: 

1. The power distribution unit shall be equipped with a minimum of twelve 
(12) 3-prong, 120 VAC outlets, 7' cord and shall not have an on/off switch. 

2. The power distribution unit shall be equipped with surge protection with a 
20 Amp current limit. 

3. The power distribution unit shall be equipped with a bracket that enables it 
to be mounted vertically in cabinet without modification. 

PART 3 - EXECUTION 
 
3.1 POWER DISTRIBUTION UNITS 

 
A. Power distribution units shall be installed as per the requirements specified by the 

manufacturer's installation guidelines. 
 

B. See Drawings for installation location on rack(s)/cabinet(s). 
 
3.2 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling 

details.  
 

END OF SECTION 27 11 26 
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SECTION 27 13 23 - COMMUNICATIONS FIBER BACKBONE CABLING 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
  

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
other Division 01 Specification Sections, apply to this Section. 

 
1.2 DESCRIPTION 

 
A. General: Furnish and install complete with all accessories an ANSI/TIA-568-C fiber optic Backbone 

Distribution System (BDS). The BDS system shall serve as a vehicle for transport of data, video, and 
voice telephony signals throughout the building from designated demarcation points to MDF, MDA and 
IDF’s as indicated on the contract drawings and described herein. Application standards supported shall be 
IEEE 802.3ab (1000Base-T) and IEEE 802.3z (1000Base-SX and 1000Base-LX). Approved product lines 
are listed in the product sections. In addition, these links/channels shall meet the requirements outlined in this 
specification. 

 
B. General: The system shall utilize a network of fiber optic cables. Cables and terminations shall be provided 

and located as shown and in the quantities indicated on the drawings. Cables shall terminate on rack 
mounted Fiber Distribution Centers (FDC's) as shown on the drawings. All cables and terminations shall 
be identified at all locations. All cables shall be terminated in an alpha-numeric sequence at all 
termination locations. All terminations shall comply with, and be tested to ANSI/TIA-568C standards for 
fiber optic installations. 

 
C. For this contract a single optical channel solution shall be installed for the entire project. Contractor shall 

install a Corning OM-4 solution for inside fiber optical plant. Contractor shall only install a Corning OS-2 
solution where the application does not meet the OM4-ISO distance standard for 10 gigabit network 
transmission. 

 
D. Work Included: Wiring, terminations and patch bays between these designated demarcation points and 

outlet locations designated on the plans shall be considered part of the contact and shall be furnished, 
wired and installed by the BDS contractor. 

 
1.3 STANDARDS 

 
A. ANSI/TIA-568C “Generic Telecommunications Cabling for Customer Premises” 

 
B. ANSI/TIA-568C.1 “Commercial Building Telecommunications Cabling System Standard” 

 
C. ANSI/TIA-568-C.2 “Balanced Twisted Pair Telecommunications Cabling Systems Standard” 

 
D. ANSI/TIA-568-C.3 “Optical Fiber Telecommunications Cabling Systems Standard” 

 
E. ANSI/TIA-569-B “Commercial Building Standard for Telecommunications Pathways and Spaces” 

 
F. ANSI/TIA-606-B “Administration Standard for Telecommunications Infrastructure of Commercial Buildings” 

 
G. ANSI/TIA-607-A “Commercial Building Grounding/Bonding Requirements”. 

 
H. ANSI/NFPA 70 National Electrical Code, CSA C22.1. 

 
I. BICSI Telecommunications Distribution Methods Manuals 
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J. BICSI Telecommunications Installation Manuals 

 
K. County Codes and Regulations. 

L. Underwriters Laboratories (UL) 
 

M. FCC -Federal Communications Commission 
 

N. ADA Requirements 
 

O. Occupational Safety and Health Regulations (OSHA) 
 

P. National Fire Protection Association (NFPA) 
 

Q. Texas Statutes and Administrative Rules 
 

R. Connectivity Manufacturer’s Certified Cabling System Manual 
 

1.4 CONTRACTOR QUALIFICATIONS 
 

A. General: The contractor selected for the Project must be certified by the manufacturer of the products, 
adhere to the engineering, installation and testing procedures and utilize the authorized manufacturer 
components and distribution channels in provisioning the Project. Contractor shall provide a connectivity 
manufacturer 25 year extended warranty covering the fiber optic backbone cabling system. 

 
B. General: The Contractor directly responsible for this work shall be a Premise Distribution who is, and who 

has been, regularly engaged in the providing and installation of commercial and industrial 
telecommunications wiring systems of this type and size for at least the immediate past five years. Any 
sub-contractor, who will assist the BDS contractor in performance of this work, shall have the same 
training and certification as the BDS contractor. 

 
C. Certification: The contractor's Project Manager shall possess a current BICSI Registered Communications 

Distribution Designer (RCDD) certificate. All shop drawings submitted by the contractor shall bear the 
RCDD's seal. 

 
D. Experience: The Contractor shall be experienced in all aspects of this work and shall be required to 

demonstrate direct experience on recent systems of similar type and size. The Contractor shall own and 
maintain tools and equipment necessary for successful installation and testing of optical fiber premise 
distribution systems and have personnel who are adequately trained in the used of such tools and 
equipment. 

 
1.5 SUBMITTALS 

 
A. General: Submittals shall include manufactures cut sheets for all proposed equipment including, but not 

limited to, the following: 

1. All wire and cable. 
2. All connectors and required tooling. 
3. All termination system components for each cable type. 
4. All MDF/IDF, MDA eq frame types, hardware and LAN equipment if part of this project. 
5. All “J” hooks and cable suspension components. 
6. All grounding system components. 
7. All FDC's, all miscellaneous IDF rack equipment, and backboards. 
8. Detailed test procedure including all tests to be conducted and list of eq used. 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                    COMMUNICATIONS FIBER BACKBONE CABLING                              27 13 23 - 3   

 
 

1.6 SPECIAL REQUIREMENTS FOR CABLE ROUTING AND INSTALLATION 
 

A. Ceiling Spaces: The majority of wiring in this building will be installed above ceilings. All communications 
cabling used throughout this project shall comply with the requirements as outlined in the National Electric 
Code (NEC) article 800. All cabling shall bare CMP/OFNP and/or appropriate markings for the environment in 
which they are installed. 

 
B. Cable Pathway: The contractor shall adhere to the manufacturers' requirements for bending radius and 

pulling tension of all cables. 
 

C. Protection: Sealing of openings between floors, through rated fire and smoke walls, existing or created by 
this contractor for cable pass through shall be the responsibility of the contractor. Sealing material and 
application of this material shall be accomplished in such a manner acceptable to the local fire and 
building authorities having jurisdiction over this work. Creation of such openings as are necessary for 
cable passage between locations as shown on the drawings shall be the responsibility of this contractor's 
work. Any openings created by or for this contractor and left unused shall also be sealed as part of this 
work. 

 
D. Damage: The contractor shall be responsible for any damage to any surfaces or work disrupted as a result of 

his work. Repair of surfaces including painting and ceiling tile replacement shall be included as part of this 
contract. 

 
1.7 WORK EXTERNAL TO THE BUILDING 

 
A. General: Any work external to the confines of this building as shown on the drawings shall be governed by the 

provisions of this specification. 
 

PART 2 - PRODUCTS 
 

2.1 CABLE SUPPORT SYSTEM 
 

A. General – When required, Fiber Optic cables in innerducts shall be suspended by prefabricated J-hooks 
specifically designed for data cabling. J-hooks shall be permanently attached to the structure using drop 
wire/rod suspension, beam flange, or wall mount. The J-hooks shall feature a wide base loop with smooth 
curves to eliminate snag potential and cable deformation. 

 
B. Listings: J-hooks shall be in accordance with NEC, EIA/TIA requirements for structured cabling systems. 

All cable supports shall be U.L. listed. 
 

C. Design selection: B-Line cable hook system or approved equal. 
 

2.2 FIBER OPTIC CABLING 
 

A. Approved Manufacturers: 

1. Corning, Basis of Design (BOD) 

a. Corning Interlocking Armored (RISER/Plenum) 
b. Corning loose Tube 

 
B. General: Multi-mode and single-mode fiber optic cabling shall be provided between the MDF and TR’s. 

Fiber optic cables shall be tight buffered indoor/outdoor rate and UL listed OFNR or OFNP. Cables installed 
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in plenum spaces shall be UL listed OFNP only. Backbone fiber optic strands shall be optimized for Laser/ 
VCSEL transmission equipment. Fiber strands shall be capable of supporting 10 Gigabit Ethernet 
transmissions up to 550 meters @ 850nm. Warranty all premise fiber cable as part of the 25 year 
extended warranty. 

 
C. Backbone OM-4 Multimode cable construction: 

1. Number of fibers: as shown on the drawings 
2. Core/Cladding: 50 micron/125 micron. 
3. Buffering: 900 micron 
4. Attenuation: 3.0 dB-Km at 850 nanometers, 1.0 dB-Km at 1300 nanometers. 
5. Minimum OFL bandwidth: 3500 MHz-Km @ 850nm, 500 MHz-Km @ 1300nm 
7. Minimum laser bandwidth: 4700 MHz-Km @ 850nm, 500 MHz-Km @ 1300nm. 
8. Sheath construction: Non-metallic 
9. Design Selection (Indoor/outdoor) 
10. Color; Aqua 

 
D. Backbone OS-2 Single mode cable construction: 

1. Number of fibers: as shown on the drawings 
2. Core/Cladding: 8.3 micron/125 micron. 
3. Buffering: 900 micron 
4. Attenuation: .5 dB-Km at 1310 nanometers, .5 dB-Km at 1550 nanometers. 
5. Minimum laser bandwidth: xxx MHz-Km @ 1310nm, 10,000 MHz-Km @ 1550nm. 
6. Sheath construction: Non-metallic 
7. Design Selection (Indoor/outdoor) 
8. Color; Yellow 

2.3 INNERDUCT 
 

A. General: Fiber optic backbone cabling shall be installed with innerduct for protection of fiber stands in 
shared use pathways as designated on contract drawings. Innerduct shall be pre-threaded with a pull 
tape. Per NEC Article 770-51 innerduct installed in plenum and riser spaces shall be rated for these 
spaces. Per this specification all innerduct installed within the building in areas other than plenum and 
riser spaces, shall be riser rated. For backbone pathways between buildings and underground PE innerduct is 
permitted. 

 
B. Design Selection: Maxcell or approved equal 

 
2.4 FIBER OPTIC TERMINATION PANELS 

 
A. Rack Mounted Panels: Fiber optic cabling shall be terminated in fiber distribution centers where indicated on 

the contract drawings and described herein. Provide blanking modules in all unused connection ports. 
FDC's shall be provided in quantities and configurations as shown on the drawings complete with 
multimode and single-mode duplex SC style coupler plates. All FDC's shall be provided with rack 
mounting hardware allowing the unit to be placed in a standard EIA 19" rack. 

 
B. General: Provide blanking modules in all unused connection ports on the panels. All panels shall include 

strain relief points where fiber optic cable strength members shall be securely attached. 
 

C. Labels: Labeling for fiber cabling shall be by IDF number, plus the color suffix designating which fiber is 
terminated. Die cut acetate labels or Kroy labels shall be considered acceptable the purpose. 

 
D. Design Selection (Rack mount fiber panels): Panduit. 
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E. Design Selection (Adapter panels): Panduit. 
 

F. Approved Equals: Corning 
 

 
 

2.5 FIBER OPTIC CONNECTORS 
 

A. Provide field installable, multimode LC type PC pre-polished connectors. Connectors shall be Glass-in- 
Ceramic, with a maximum loss of 0.5 dB. Multimode 50 micron fiber connectors shall be rated for 10 
Gigabit support and aqua in color. Provide quantities so that all fiber optic cables are terminated. 

 
B. Provide field installable, multimode LC type PC pre-polished connectors in the Data Center and MDA. 

Connectors shall be Glass-in-Ceramic, with a maximum loss of 0.5 dB. Multimode 50 micron fiber 
connectors shall be rated for 10 Gigabit support and aqua in color. Provide quantities so that all fiber optic 
cables are terminated. 

 
C. Provide field installable (Only where applicable), single mode LC type PC pre-polished connectors. 

Connectors shall be Glass-in-Ceramic, with a maximum loss of 0.5 dB. Single mode fiber connectors shall 
be rated for 10 Gigabit support and yellow in color. Provide quantities so that all fiber optic cables are 
terminated. 

 
D. Design selection: Corning, Basis of Design (BOD). 

 
PART 3 - EXECUTION 

 
3.1 WORKMANSHIP 

 
A. Components of the premise distribution system shall be installed in a neat, workmanlike manner 

consistent with the best telephone and data practices. 
 

B. Wiring color codes shall be strictly observed and terminations shall be uniform throughout the building. 
 

C. Identification markings and systems shall be uniform. 

3.2 SERVICE LOOPS 
 

A. All cable runs shall contain service loops prior to the termination point. Provide a minimum of an 18 inch 
service loop in the ceiling above. Service loops at IDF's shall consist of a 10 foot coiled loop for site fiber 
located in the cable ladder above the equipment rack. 

 
3.3 SUPPORT AND ROUTING OF CABLES 

 
A. Fiber Optic cables used in this system are to be installed within ceiling spaces. Cables shall be routed 

through these spaces at right angles to electrical power circuits and supported only from the structure. 
Riser and tie cables shall be extended between IDF's utilizing conduit runs as shown on the drawing 

 
B. Use of ceiling tiles, grid or hanger wires for support of BDS cables shall be prohibited. 

 
C. The BDS system contractor shall install a complete system of supporting cable trays and other supporting 

hardware for this system as part of the BDS contract. All supporting hardware shall be submitted to the 
engineer for approval prior to installation. 

 
D. The Contractor shall secure the cables to the wall to prevent horizontal movement of the cable (D-rings are 
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acceptable). The Contractor shall secure the cables to the wall in non-deforming manner to prevent 
vertical movement of the cable, preferably with a wire mesh grip. 

 
E. Where fiber optic cable passes through vertical riser spaces, sleeves, conduit or Telecommunications 

Rooms, secure fiber to wall vertically every 36 inches. Review fasteners, strain relief and routing with 
Architect and Owner. 

 
F. The Contractor shall be responsible for verifying actual footages and distances identified on attached 

prints. Do NOT rely on scaled drawings. 
 

G. Contractor to provide installed cable footage on As-Built Drawings. 
 

3.4 FIRE AND SMOKE PARTITION PENETRATIONS 
 

A. Conduit sleeves shall be provided as a means of routing cables between various communications rooms 
and multi floor buildings. Openings in sleeves and conduits used for the BDS system cables and those 
which remain (empty) spare shall be sealed with a U.L. approved fireproof, removable material. 

 
B. Sleeves, which pass vertically from floor to floor, shall be sealed in a similar manner using an approved re- 

enterable system. 
 

C. Additional penetrations through rated assemblies necessary for passage of BDS wiring shall be made using 
an approved method and permanently sealed after installation of cables. 

 
3.5 TESTING OF FIBER OPTIC CABLE 

 
A. Attenuation Testing: Contractor shall test each fiber strand of each cable. The owner reserves the 

right to have a representative present during all or a portion of the testing. 

1. Fiber-Optic Backbone Cable: Each fiber in every backbone cable run shall be tested with a light 
source and optical power meter as manufactured by Ideal Industries, Fluke or pre-approved 
equal. Multimode fiber testing shall be I.A.W. TIA/EIA-526-14; method B and ANSI/TIA-568-C. 
Each multi-mode fiber shall be tested at both 850 and 1310nm. Maximum fiber strand attenuation 
shall be determined using the following link attenuation equation: 
Maximum attenuation= Connector attenuation + Cable attenuation + Splice attenuation 

2. Maximum attenuation per component: 
Connector attenuation = 0.75dB/1 mated connector pair 
50 micron Cable insertion loss = 3.0 dB/km @ 850nm and 1.0dB/km @ 1300nm 
Single mode Cable insertion loss = 0.50 dB/km @ 1310 and 0.50 dB/km @1550nm 
Splice attenuation = 0.3dB/splice 

3. Contractor shall calculate the acceptance values for each fiber strand based on the above 
criteria. The fiber certification report shall be submitted listing the acceptance dB value, the 
measured dB loss, and the dB margin of each measured fiber strand to the acceptance values. 

B. Length Testing: Backbone lengths shall be verified with an OTDR or Light Source/Power Meter with 
length testing capacity. 

1. Per this specification and design selection, maximum distance shall not exceed 300 meters to 
support LAN equipment operating at 850 nm. 

2. Optical power meter and OTDR results shall be in the form of tester report print outs, hand 
written results will not be accepted. Photocopies of test results will not be accepted, only 
original signed print outs will be accepted. These results shall be submitted to the Engineer. 

3. Obtain the cable manufacturer power meter test results for each real used on the project. Using 
the attached Optical Fiber Test Form record the readings and the manufacturer’s reel number. 
Prior to completion of project, turn over the completed optical fiber test form, optical fiber cable 
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reel ID tags and optical fiber cable manufacturer’s test results. 
 

C. Acceptance Testing: 

1. Each terminated fiber strand in the horizontal or backbone infrastructure shall be tested 
individually as a permanent link. A fiber permanent link is defined as a length of individual 
fiber strand with a connector terminated on each end. 

2. Testing for multimode shall be at 850 and 1300 nanometers. Total link insertion loss (dB) 
shall be within the specified link loss budget. 

3. Tier 1 testing for each installed singlemode link shall be performed as an optical power insertion 
loss measurement, as defined by ANSI/TIA/EIA-526-7. Testing for singlemode shall be at 1310 
and 1550 nanometers. Total link insertion loss (dB) shall be within the specified link loss budget. 

4. Tier 2 testing, if required for each installed singlemode or multimode link, shall be performed as 
an OTDR measurement, as defined in TIA-TSB-140. We require Tier 2 testing on all fibers 
installed in the facility for future troubleshooting. 

5. Multimode optical fiber attenuation shall be tested on all individual fibers of each cable segment 
using an LED light source and power meter to determine the actual loss. These tests shall be 
performed at the 850nm and 1300nm windows in both directions. Test set up and performance 
shall be in accordance with ANSI/TIA/EIA-526-14A, Method B. 

6. A reference power measurement shall be obtained by connecting one end of test jumper 1 to 
the light source and the other end to the power meter. After recording the reference power 
measurement, test jumper 1 shall be disconnected from the power meter without disturbing the 
light source and attached to the cable plant. The power meter shall be moved to the far end of 
the cable plant and attached to the cable plant with test jumper 2. 

7. Readings must not be higher than the “Optimal Attenuation Loss.” The OAL will be calculated 
using the manufacturer’s factory certified test results, (db/km) converted to the actual installed 
lengths plus the manufacturer’s best published attenuation losses for the connector and/or 
splice installed on this project. (0.30+/-0.30 for Connectors and 0.10 for splices). The 
construction manager shall use the OAL for comparison with the end to end power loss test 
results prior to acceptance. 

8. Test Results: Must be completed and turned over to the General Contractor prior to active 
equipment installation. Specific due dates for optical fiber will be established at pre-install 
meeting. 

 
3.6 AS-BUILT DOCUMENTATION 

 
A. As-built documentation shall be provided as part of the contract. As-built drawings shall be a complete set 

of AutoCAD Release 10 floor plans with all outlets shown and numbered as installed. The original project 
floor plan disks shall be obtained from the Engineer. All cable routings (trunk lines) and elevations of each 
MDF/IDF indicating outlet, tie and riser cable terminations shall be required. Termination sequences and a 
bill of materials for all equipment shall be in table form inserted on the associated floor plan sheet with that 
MDF/IDF elevation detail. All cable test results along with documented testing procedures shall be 
included in this information. All addendum information or project revisions resulting in drawing changes that 
occur during the construction period shall be documented and included in the as- built material. All required 
as-build documentation is mandatory and shall be required prior to project closeout. 

 
3.7 SYSTEM WARRANTY 

 
A. Cabling system warranty shall be for a complete channel configuration including cable, jacks, workstation 

cords, patch panels and patch cords. All cabling systems shall have warranty coverage by the same 
connectivity manufacturer. The cable manufacturer installed shall be specifically approved by the 
connectivity manufacturer for the 25 year warranty. Written documentation of the certification of system 
performance, along with guarantee provided under the warranty, shall be provided by the 
Contractor at the closeout of the project. Contractor shall provide warranty documents to the owner or 
owner’s representative at the end of the project.  
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END OF SECTION 27 13 23 
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SECTION 27 15 13 - COMMUNICATIONS COPPER HORIZONTAL CABLING 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS  

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of this section and 

shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to Communications Copper 
Horizontal Cabling. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, equipment, materials, supplies 

and performing all operations necessary to complete the installation. The Contractor will provide and 
install all of the required material whether specifically addressed in the Specifications and drawings or not 
for a complete and operational system. 

 
B. A single copper channel solution shall be installed for the entire project. Contractor shall install a 

Category 6 Plenum/Riser solution. The Contractor shall use a single manufacturer's copper or fiber 
solution (cables and components) for any given installation. The Contractor shall notify the Architect 
where a single product set solution is not possible. 

 
1.5 HORIZONTAL ARCHITECTURE 

 
A. TE/TrueNet’s outlets and connecting hardware (i.e. patch panels) are specified. The general 

architecture used for horizontal systems is an architecture that allows one patch panel (connecting 
hardware) with a direct patch cord (equipment cable) from the patch panel to the data networking 
equipment (common equipment). 

 
B. In summary, all cabling will be terminated (punched down) at the patch panel and terminated 

(punched down) at the work area outlet. New installations will be wired to the 568B standard. 
 

C. Rack patch panel count/fill rate is as follows: Racks with fiber patch panels (top position) will have no 
more than 3ea Cat6 48-port patch panels installed. Racks with no fiber patch panels will have no more 
than 4ea Cat6 48-port patch panels installed. 24-port patch panels are not to be used for data runs. In no 
case should the rack be configured to more than half full. 1 spare unpopulated 48-port patch panel per 
rack is required. Horizontal management must be installed between each patch panel. Vertical 
management must be installed between multiple rack installations and at each end. 
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PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Horizontal Copper Cable Manufacturer(s): 

1. TE/Commscope TE 620P-WTPP, Basis of Design (No substitutions) 
4 pair/23 awg. 

B. Approved Riser Cat 6: 

1. TE/Commscope TE 620P-BLPP, Basis of Design (No substitutions) 
4 pair/23 awg. 

 
C. Approved Outside Cat 6 Cable: 

1. TE/Commscope TE 620osp-bk02, Basis of Design (No substitutions) 
4 pair/23 awg. 

 
2.2 HORIZONTAL COPPER CABLE 

 
A. 100 OHM Category 6 Balanced Twisted Pair UTP Cable: 

1. The horizontal balanced twisted pair cable shall meet or exceed the Category 6 transmission 
characteristics per issue of ANSI/TIA/EIA-568-C.2. 

2. Cable jacket shall be CMR or CMP rated (according to the space it occupies). 
3. Jacket color shall be WHITE. 

 
PART 3 - EXECUTION 

 
3.1 HORIZONTAL CABLES 

 
A. Cable shall be installed in accordance with manufacturer's recommendations and best industry 

practices. 
 

B. A plastic or nylon pull cord with a minimum test rating of 90 Kg (200 lb.) shall be co-installed with all 
cable installed in any conduit. 

 
C. Cable raceways shall not be filled greater than the ANSI/TIA/EIA-569-B maximum fill for the particular 

raceway type. 
 

D. Cables shall be installed in continuous lengths from origin to destination (no splices) except for 
transition points, or consolidation points. 

 
E. Riser rated cable shall be installed in metallic conduit when installed in a plenum space. 

 
F. Where transition points or consolidation points are allowed, they shall be located in accessible 

locations and housed in an enclosure intended and suitable for the purpose. 
 

G. The cable's minimum bend radius and maximum pulling tension shall not be exceeded. Refer to 
manufacturer's requirements. 

 
H. Horizontal cable runs shall not exceed 295’. Contractor shall immediately notify general Contractor, 

Project Manager and Architect of any cable runs that exceed this installed length. 
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I. If a J-hook or trapeze system is used to support cable bundles all horizontal cables shall be supported at 

a maximum of 48 to 60 inch (1.2 to 1.5 meter) intervals. At no point shall cable(s) rest on acoustic ceiling 
grids or panels. 

 
J. Horizontal distribution cables shall be bundled in groups of no more than 50 cables. Cable bundle 

quantities in excess of 50 cables may cause deformation of the bottom cables within the bundle and 
degrade cable performance. 

 
K. Cable shall be installed above fire-sprinkler systems and shall not be attached to the system or any 

ancillary equipment or hardware. The cable system and support hardware shall be installed so that it 
does not obscure any valves, fire alarm conduit, boxes, or other control devices. 

 
L. Cables shall not be attached to ceiling grid or lighting fixture wires. Where support for horizontal 

cable is required, the Contractor shall install appropriate carriers to support the cabling. 
 

M. Any cable damaged or exceeding recommended installation parameters during installation shall be 
replaced by the Contractor prior to final acceptance at no cost to the Owner. 

 
N. Cables shall be dressed and terminated in accordance with the recommendations made in the 

ANSI/TIA/EIA-568-C.2 document, manufacturer's recommendations and best industry practices. 
O. All horizontal copper cables will be terminated as 568B per industry standards. 

 
P. Leave a minimum of 12" of slack for twisted pair cables at the outlet. Cables shall be coiled in the in- 

wall box, surface-mount box or modular furniture raceway if adequate space is present to house the 
cable coil without exceeding the manufacturers bend radius. Excess slack, 10’ min, shall be loosely 
coiled and stored in the ceiling above each drop location when there is not enough space present in the 
outlet box to store slack cable. 

 
Q. Cables shall be neatly bundled and dressed to their respective termination device. Each terminating 

device shall be fed by an individual bundle separated and dressed back to the point of cable entrance 
into the rack or frame. 

 
R. Each cable shall be clearly labeled on the cable jacket behind the termination device at a location that 

can be viewed without removing the bundle support ties. Cables labeled within the bundle, where the 
label is obscured from view shall not be acceptable. 

 
3.2 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling details.  

 

END OF SECTION 27 15 13 
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SECTION 27 15 33 - COMMUNICATIONS COAXIAL HORIZONTAL CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Communications coaxial cable. 
2. CATV coaxial cable. 
3. Coaxial cable hardware. 
4. Grounding. 
5. Identification products. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. System Labeling Schedules: Electronic copy of labeling schedules, in software and 
format selected by Owner. 

2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the 
cabling and asset identification system of the software. 

3. Cabling administration drawings and printouts. 

1.3 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 

B. Field quality-control reports. 

C. Maintenance Data: For splices and connectors to include in maintenance manuals. 

1.4 CLOSEOUT SUBMITTALS 

A. Software and Firmware Operational Documentation. 

B. Maintenance Data: For coaxial cable, splices, and connectors to include in maintenance 
manuals. 

1.5 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers. 
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1.6 WARRANTY 

A. Provide manufacturer’s standard warranty for each product type. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Horizontal cabling system shall comply with transmission standards in 
TIA-568-C.1, when tested according to test procedures of this standard, and the requirements 
of TIA-568-C.4. 

B. Telecommunications Pathways and Spaces: Comply with TIA-569-D. 

C. Grounding: Comply with TIA-607-B. 

2.2 GENERAL CABLE CHARACTERISTICS 

A. Communications Cable: Listed and labeled by an NRTL acceptable to authorities having 
jurisdiction as complying with the applicable standard and NFPA 70 for the following types: 

1. Communications, Plenum Rated: Type CMP complying with UL 1685 or Type CMP in 
listed plenum communications raceway. 

B. CATV Cable: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with the applicable standard and NFPA 70 for the following types: 

1. CATV Plenum Rated: Type CATVP installed in riser raceways or cable routing 
assemblies, complying with NFPA 262. 

2.3 COMMUNICATIONS COAXIAL CABLE 

A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for broadband 
data transmission. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Alpha Wire. 
2. Belden CDT Networking Division/NORDX. 
3. Coleman Cable, Inc. 
4. CommScope, Inc. 
5. Draka USA. 

C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having 
jurisdiction as complying with UL 444, UL 13, and with NFPA 70, "Class 1, Class 2, and Class 3 
Remote-Control, Signaling, and Power-Limited Circuits" and "Communications Circuits" articles. 
Types are as follows: 

http://www.specagent.com/Lookup?ulid=12776
http://www.specagent.com/Lookup?ulid=12776
http://www.specagent.com/Lookup?uid=123457098497
http://www.specagent.com/Lookup?uid=123457098497
http://www.specagent.com/Lookup?uid=123457098498
http://www.specagent.com/Lookup?uid=123457098498
http://www.specagent.com/Lookup?uid=123457098499
http://www.specagent.com/Lookup?uid=123457098499
http://www.specagent.com/Lookup?uid=123457098500
http://www.specagent.com/Lookup?uid=123457098500
http://www.specagent.com/Lookup?uid=123457098501
http://www.specagent.com/Lookup?uid=123457098501
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1. RG-6/U: UL Type CMP. 

a. No.  16 AWG, solid, copper-covered steel conductor. 
b. Plenum rated. 
c. Gas-injected, foam-PE insulation. 
d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid. 
e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum 

braided inner shield, and 40 percent aluminum braided outer shield. 
f. Jacketed with black PVC or PE. 
g. Suitable for indoor installations. 

2.4 CATV COAXIAL CABLE 

A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for CATV 
transmission. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Alpha Wire. 
2. Belden CDT Networking Division/NORDX. 
3. Coleman Cable, Inc. 
4. CommScope, Inc. 
5. Draka USA. 

C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having 
jurisdiction as complying with UL 1655 and with NFPA 70, "Community Antenna Television and 
Radio Distribution Systems" Article. Types are as follows: 

1. RG-6/U: UL Type CATVP. 

a. No. 18 AWG, solid, copper-covered steel conductor. 
b. Plenum rated. 
c. Gas-injected, foam-PE insulation. 
d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid. 
e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum 

braided inner shield, and 40 percent aluminum braided outer shield. 
f. Jacketed with black PVC or PE. 
g. Suitable for indoor installations. 

2.5 COAXIAL CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate coaxial cable with a 75-ohm 
characteristic impedance. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Emerson Network Power Connectivity Solutions. 
2. Leviton Manufacturing Co., Inc. 
3. Siemon Co. (The). 

http://www.specagent.com/Lookup?ulid=12777
http://www.specagent.com/Lookup?ulid=12777
http://www.specagent.com/Lookup?uid=123457098502
http://www.specagent.com/Lookup?uid=123457098502
http://www.specagent.com/Lookup?uid=123457098503
http://www.specagent.com/Lookup?uid=123457098503
http://www.specagent.com/Lookup?uid=123457098504
http://www.specagent.com/Lookup?uid=123457098504
http://www.specagent.com/Lookup?uid=123457098505
http://www.specagent.com/Lookup?uid=123457098505
http://www.specagent.com/Lookup?uid=123457098506
http://www.specagent.com/Lookup?uid=123457098506
http://www.specagent.com/Lookup?ulid=2376
http://www.specagent.com/Lookup?ulid=2376
http://www.specagent.com/Lookup?uid=123457098509
http://www.specagent.com/Lookup?uid=123457098509
http://www.specagent.com/Lookup?uid=123457098507
http://www.specagent.com/Lookup?uid=123457098507
http://www.specagent.com/Lookup?uid=123457098508
http://www.specagent.com/Lookup?uid=123457098508
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C. Coaxial-Cable Connectors: Type BNC, 75 ohms. 

D. Jacks and Jack Assemblies: Modular, color-coded, with female Type BNC connectors. 

E. Patch Cords: Factory-made cables in 36” lengths; terminated with a male Type BNC connector 
at each end. 

F. Faceplates: 
1. Metal Faceplate:  Stainless steel, complying with requirements in Section 262726 "Wiring 

Devices." 
2. For use with snap-in jacks accommodating any combination of twisted pair, optical-fiber, 

and coaxial work area cords. 

a. Flush-mounted jacks, positioning the cord at a 90-degree angle from faceplate 
surface. 

3. Legend: 

a. Factory labeled by silk-screening or engraving for stainless steel faceplates. 
b. Machine printed, in the field, using adhesive-tape label. 
c. Snap-in, clear-label covers and machine-printed paper inserts. 

2.6 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications 
Systems" for grounding conductors and connectors. 

B. Comply with TIA-607-B. 

PART 3 - EXECUTION 

3.1 ENTRANCE FACILITIES 

A. Coordinate horizontal cabling with the protectors and demarcation point provided by 
communications service provider. 

3.2 INSTALLATION OF COAXIAL HORIZONTAL CABLES 

A. Comply with NECA 1 and NECA/BICSI 568. 

B. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, 
desks, and counters and except in accessible ceiling spaces, in attics, and in gypsum board 
partitions where unenclosed wiring method may be used. Conceal raceway and cables except 
in unfinished spaces. 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Comply with requirements for raceways and boxes specified in Section 270528 

"Pathways for Communications Systems." 
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C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal 
points with no excess and without exceeding manufacturer's limitations on bending radii. 
Provide and use lacing bars and distribution spools. 

D. General Requirements for Cabling: 

1. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable 
Termination Practices" Section. 

2. Terminate all conductors; no cable shall contain unterminated elements. Make 
terminations only at indicated outlets, terminals, and patch panels. 

3. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 
inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, 
and terminals. 

4. Install lacing bars to restrain cables, to prevent straining connections, and to prevent 
bending cables to smaller radii than minimums recommended by manufacturer. 

5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's 
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, 
"Copper Structured Cabling Systems," "Cable Termination Practices" Section. Use lacing 
bars and distribution spools. 

6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable 
between termination, tap, or junction points. Remove and discard cable if damaged 
during installation and replace it with new cable. 

7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps 
shall not be used for heating. 

8. In the communications equipment room, install a 10-foot-long service loop on each end of 
cable. 

9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," 
"Pulling Cable" Section. Monitor cable pull tensions. 

E. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces 
with terminating hardware and interconnection equipment. 

2. Suspend coaxial cable not in a wireway or pathway a minimum of 8 inches above ceilings 
by cable supports not more than 60 inches apart. 

3. Cable shall not be run through structural members or in contact with pipes, ducts, or 
other potentially damaging items. 

F. Group connecting hardware for cables into separate logical fields. 

G. Separation from EMI Sources: 

1. Separation between open communications cables or cables in nonmetallic raceways and 
unshielded power conductors and electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches. 
b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 12 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches. 

2. Separation between communications cables in grounded metallic raceways and 
unshielded power lines or electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches. 
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b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 6 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches. 

3. Separation between communications cables in grounded metallic raceways and power 
lines and electrical equipment located in grounded metallic conduits or enclosures shall 
be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: No requirement. 
b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 3 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches. 

4. Separation between Communications Cables and Electrical Motors and Transformers, 5 
kVA or HP and Larger: A minimum of 48 inches. 

5. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 
inches. 

3.3 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-C, Annex A, "Firestopping." 

C. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.4 GROUNDING 

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" 
Chapter. 

B. Comply with TIA-607-B and NECA/BICSI-607. 

C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing 
at least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a 
minimum No. 4 AWG grounding electrode conductor from grounding bus bar to suitable 
electrical building ground. 

D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG 
equipment grounding conductor. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

B. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List 
incoming and outgoing cables and their designations, origins, and destinations. Protect with 
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive schedules 
for Project. 
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C. Cabling Administration Drawings: Show building floor plans with cabling administration-point 
labeling. Identify labeling convention and show labels for telecommunications closets, horizontal 
pathways and cables, terminal hardware and positions, horizontal cables, work areas and 
workstation terminal positions, grounding buses and pathways, and equipment grounding 
conductors. 

D. Cable and Wire Identification: 

1. Label each cable within 4 inches of each termination and tap, where it is accessible in a 
cabinet or junction or outlet box, and elsewhere as indicated. 

2. Each wire connected to building-mounted devices is not required to be numbered at 
device if color of wire is consistent with associated wire connected and numbered within 
panel or cabinet. 

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at 
intervals not exceeding 15 feet. 

4. Label each terminal strip and screw terminal in each cabinet, rack, or panel. 

a. Individually number wiring conductors connected to terminal strips and identify 
each cable or wiring group being extended from a panel or cabinet to a building-
mounted device with name and number of particular device as shown. 

b. Label each unit and field within distribution racks and frames. 

5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label 
each connector and each discrete unit of cable-terminating and connecting hardware. 
Where similar jacks and plugs are used for both voice and data communications cabling, 
use a different color for jacks and plugs of each service. 

E. Labels shall be preprinted or computer-printed type with printing area and font color that 
contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the 
following: 

1. Cables use flexible vinyl or polyester that flexes as cables are bent. 

3.6 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections. 

B. Tests and Inspections: 

1. Visually inspect coaxial jacket materials for NRTL certification markings. 
2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 

and patch cords, and labeling of all components. 
3. Test coaxial horizontal copper cabling for DC loop resistance, shorts, opens, intermittent 

faults, and polarity between conductors. Test operation of shorting bars in connection 
blocks. Test cables after termination. 

C. Data for each measurement shall be documented. Data for submittals shall be printed in a 
summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the 
instrument to the computer, saved as text files, and printed and submitted. 

D. Remove and replace cabling where test results indicate that they do not comply with specified 
requirements. 
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E. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF SECTION 27 15 33 
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SECTION 27 15 43 - COMMUNICATIONS FACEPLATES AND CONNECTORS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of this section and 

shall have the same force as if printed herein full. 
 

B. This document describes the products and execution requirements relating to Communications 
Faceplates and Connectors. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this Specification consists of furnishing all labor, equipment, materials, 

supplies and performing all operations necessary to complete the installation. The Contractor will 
provide and install all of the required material whether specifically addressed in the Specification or 
not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty for each product type. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Copper Connectivity Manufacturer(s): 

1. TE/Commscope, Basis of Design (Or Approved Equal) 
 

B. Approved Faceplate Manufacturer(s): 

1. TE/Commscope, Basis of Design (Or Approved Equal) 
 
2.2 COPPER CONNECTIVITY 

 
A. Voice/Data Jacks:  

1. Category 6, 8-Position, 8-Contact (8P8C) Modular Jack: 
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a. The connector module shall meet or exceed the Category 6 performance criteria per 
ANSI/TIA-568-C.2. 

b. The eight-position connector module shall accommodate six-position modular plug 
modular cords without damage to either the cord or the module. 

c. The connector module shall be designed for use at the work area (WA), 
communications room (TR) and/or equipment room (ER) without modification. 

d. The connector module shall be available in both the T568A and T568B wiring 
configurations within the same module. 

e. The connector module shall have an insulation displacement connection featuring 
insulation slicing of 22 to 24 AWG plastic-insulated solid copper conductors forming a 
gas-tight connection. 

f. Icons shall be used if offered from the manufacturer. 
g. Jack/Icon colors shall be: 

i. Red – first jack on plate 
ii. White – second jack on plate 
iii. Blue – third jack on plate 
iv. Yellow – fourth jack on plate (then repeat to Red for fifth and so on) 
v. Orange – Wireless Access Points jacks 
vi. Green – Cameras and Aux 

 

2.3 FACEPLATES 
 

A. Faceplates: 
1. The faceplate housing the connector modules shall have no visible mounting screws. 
2. It shall be possible to install the connector modules in wall-mounted single- and dual-gang 

electrical boxes, utility poles and modular furniture (cubicle) access points using manufacturer-
supplied faceplates and/or adapters. 

3. The faceplate housing the connector modules shall have the option of being mounted on adapter 
boxes for surface mount installation. 

4. The faceplate housing the connector modules shall have a labeling capability using built-in labeling 
windows, to facilitate outlet identification and ease network management. 

5. The faceplate housing the connector modules shall provide flexibility in configuring multimedia 
workstation outlets that respond to present or future network needs such as audio, data, video, 
coaxial and optical fiber applications. 

6. Color shall be same as electrical faceplates. 
  

PART 3 - EXECUTION 
 
3.1 COPPER CONNECTIVITY 

 
A. 8-position, 8-contact (8P8C) modular jacks shall be installed in accordance with manufacturer's 

recommendations and installation guides, and best industry practices. 
 

B. All copper terminations for this project shall follow the EIA/TIA 568-B standard. 
 

C. Pair untwist at the termination shall not exceed 13 mm (0.5 inch). 
 
3.2 FACEPLATES 

 
A. Blank inserts shall be installed where ports are not used. 

 
B. The same orientation and positioning of jacks and connectors shall be utilized throughout the 

installation. 
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C. Faceplates shall be installed straight and level. 
 

D. Faceplates shall be installed at the same heights as electrical faceplates. 
 

E. The Contractor shall install blank outlet covers in any unused outlet of all faceplates. 
 

F. Wall Phone Installations: 

1. Furnish and install the wall phone faceplate according to the manufacturer's instructions. Each 
wall phone shall be terminated on its own dedicated 8P8C outlet where indicated on the 
drawings. No special panel shall be installed for wall phones. 

 
3.3 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling details. 

 

END OF SECTION 27 15 43 
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SECTION 27 16 19 - COMMUNICATIONS PATCH CORDS AND WORKSTATION CORDS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section. 
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 27 - Communications shall be considered a part of this section and 

shall have the same force as if printed herein full.  
 

B. This document describes the products and execution requirements relating to Communications Patch 
Cords and Workstation Cords. 

 
C. Product specifications, general design considerations, and installation guidelines are provided in this 

document. The successful vendor shall meet or exceed all requirements described in this document 
and on the drawings. 

 
1.3 SUBMITTALS 

 
A. Provide product data from manufacturer’s specifications. 

 
1.4 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, equipment, materials, 

supplies and performing all operations necessary to complete the installation. The Contractor will 
provide and install all of the required material whether specifically addressed in the Specification or 
not. 
 

1.5 WARRANTY 
 
A. Provide manufacturer’s standard warranty for each product type. 

 
PART 2 - PRODUCTS 

 
2.1 APPROVED PRODUCTS 

 
A. Approved Copper Patch Cord Manufacturer(s): 

1. TE/Commscope, 620 -23 AWG. Basis of Design (No substitutions) 
 

B. Approved Fiber Patch Cord Manufacturer(s): 

1. TE/Commscope, SC TO SC Basis of Design (No substitutions) 
 
2.2 COPPER PATCH CORDS/WORKSTATION CORDS 

 
A. Category 6 Patch Cords/Workstation Cords: 

1. The Category 6 patch cord shall be 4-pair, with 24 AWG stranded copper conductors and 8- 
position modular plug. 
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2. The Category 6 modular cord cable shall be UL Listed as Type CMR. 
3. The Category 6 patch cord shall meet or exceed the requirements of ANSI/TIA-568-C.2. 
4. Provide the following numbers of patch cables: 

a. 10 (30’) Cat 6 patch cord color for data shall be: Black or Blue 
b. 100 (11’) Cat 6 patch cord color for data shall be: Black or Blue 
c. 250 ( 7’) Cat 6 patch cord color for data shall be: Black or Blue 
d. 100 ( 5’) Cat 6 patch cord color for data shall be: Black or Blue 
e. 10 ( 7’) Cat 6 patch cord color for CATV shall be: Green 
f. 30 ( 7’) Cat 6 patch cord color for WAP shall be: Orange 
g. 5 ( 7’) Cat 6 patch cord color for SEC shall be: Red 

 
2.3 FIBER PATCH CORDS / WORKSTATION CORDS 

 
A. Multimode Fiber Patch Cords: 

1. 10Gb 50/125-Micron 850nm Laser Optimized Multimode, LOMMM Fiber Patch 
Cord/Workstation Cord (OM-4) 
a. The 50/125-micron fiber used in the multimode fiber patch cord/station cord shall 

have a maximum attenuation of 3.0dB/km@850nm and 1.0dB/km @1300nm. 
b. The 50/125-micron 850nm laser optimized multimode fiber patch cord/station cord 

shall meet or exceed the requirements of ANSI/TIA-568-C.3. 
c. The multimode fiber cord assembly shall be dual zip jacketed. 

 
2. Provide the following numbers of patch cables: 

a. 20 (2M) LC to LC fiber OM-4 MM patch cord; Aqua 
b. 20   (3M) LC to LC fiber OM-4 MM patch cord; Aqua. 
c. 20   (5M) LC to LC fiber OM-4 MM patch cord; Aqua. 

 
B. Singlemode Fiber Patch Cords: (Only Where Applicable) 

1. 8.3/125-micron singlemode fiber patch cord: 
a. The 8.3/125-micron fiber used in the singlemode fiber patch cord shall have a 

maximum attenuation of 1.0dB/km@1310 nm and 1.0dB/km@1550 nm. 
b. The optical fiber cord connector shall have a maximum insertion loss of 0.5 dB and a 

reflectance of -30 dB. 
c. The 8.3/125-micron singlemode fiber patch cord/station cord shall meet or exceed the 

requirements of ANSI/TIA-568-C.3. 
d. The optical fiber cord shall be Yellow and the connector shall be LC. 
e. The singlemode fiber patch cord assembly shall be dual zip jacketed. 
f. ONLY Green Angle polish connectors shall be used for video distribution. 

 
2. Provide the following numbers of patch cables: 

a. 20 ( 3’ ) LC to LC fiber OS-2 SM patch cord; Yellow. 
b. 20 ( 7’ )  LC to LC fiber OS-2 SM patch cord; Yellow 
c. 20 ( 11’) LC to LC fiber OS-2 SM patch cord; Yellow 

 
PART 3 - EXECUTION 

 
3.1 COPPER PATCH CORDS/WORKSTATION CORDS 

 
A. Copper patch cords/workstation cords shall be installed as per the drawing requirements and as 

specified by the manufacturer's installation guidelines. 

1. Workstation or end user patch cords shall be (7’) long unless longer is required. 
 

B. Coordinate the station and modular Work Area patch cords with the Furniture Contractors so as to not 
damage any equipment and leave the cords in a user-accessible location. 
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C. Install the Equipment Room patch cords with the Owner so as not to damage any equipment and 

leave the cords in a user-accessible location. Do not prohibit the installation of any rack-mounted 
equipment. 

 
2.4 FIBER PATCH CORDS 

 
A. Fiber patch cords/workstation cords shall be installed as per the drawing requirements and as 

specified by the manufacturer's installation guidelines. 
 
2.5 IDENTIFICATION 

 
A. Refer to Section 27 05 53 - Identification for Communications Systems for labeling details. 

 

END OF SECTION 27 16 19 
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SECTION 28 00 00 - ELECTRONIC SAFETY AND SECURITY SYSTEMS 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section. 

 
B. This document describes the general requirements relating to Electronic Safety and 

Security Systems. 
 

C. Product specifications, general design considerations, and installation guidelines 
are provided in this document. The successful vendor shall meet or exceed all 
requirements described in this document and on the drawings. 

 
D. Related Specifications: 

1. Division 00 
2. Division 01 

a. Section “Project Management and Coordination” 
b. Section “Submittal Procedures” 
c. Section “Product Requirements” 
d. Section “Closeout Procedures” 
e. Section “Warranties” 

 
3. Division 08 Section "Access Doors and Frames." 
4. Division 09 Section "Interior Painting" 
5. Division 26 

a. Section “Grounding and Bonding for Electrical Systems” 
b. Section “Raceway and Boxes for Electrical Systems” 
c. Section “Surge Protection Devices” 

 
6. Division 27 all applicable Sections 
7. Division 28 all Sections 

 
E. Applicable requirements of the Division 26, 27 and 28 Design Criteria shall all be 

considered a part of this Division and shall have the same force as if written herein 
full. 

 
1.2 QUALITY ASSURANCE 

 
A. Specifications, Standards and Codes: All work shall be in accordance with the following: 

1. 2017 Florida Building Code (FBC)  
2. Standard Requirements for Educational Facilities (SREF) 
3. The 2014 edition of the National Electrical Code (NFPA 70) 
4. American National Standards Institute (ANSI) 
5. National Electrical Manufacturers Association (NEMA) 
6. Telecommunications Industries Association (TIA) 
7. Electronic Industries Association (EIA) 
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8. Institute of Electrical & Electronics Engineers (IEEE) 
9. Underwriters Laboratories (UL) 

a. U.L. 13 - Power-Limited Circuit Cables 
b. U.L. 444 - Communications Cables 
c. U.L. 497 - Protectors for Paired Conductor Communication Circuits 
d. U.L. 497A - Secondary Protectors for Communication Circuits 
e. U.L. 497B - Protectors for Data Communication and Fire Alarm Circuits 
f. U.L. 910 - Test for Flame-Propagation and Smoke-Density Values 

for Electrical and Optical-Fiber Cables Used in Spaces Transporting 
Environmental Air 

g. U.L. 1449 - Transient Voltage Surge Suppressors 
h. U.L. 1581 - Reference Standard for Electrical Wires, Cables AND 

Flexible Cords. 
i. U.L. 1666 - Test for Flame Propagation Height of Electrical and 

Optical- Fiber Cables Installed Vertically in Shafts 
j. U.L. 1685 - Vertical-Tray Fire Propagation and Smoke Release Test 

for Electrical and Optical-Fiber Cables 
k. U.L. 1778 - Uninterruptible Power Supply Equipment 

 
10. American Standards Association (ASA) 
11. Building Industry Consulting Services International (BICSI) 
12. Federal Communications Commission (FCC) 
13. Occupational Safety and Health Administration (OSHA) 
14. American Society of Testing Material (ASTM) 
15. Americans with Disabilities Act (ADA) 
16. Local city and county ordinances governing electrical work 
17. The County of Volusia Voice, Video Data Infrastructure Guidelines 
18. In the event of conflicts, the more stringent provisions shall apply. 

 
1.3 SUMMARY 

 
A. The work to be done under this division of the Specifications shall include the 

furnishing of labor, material, equipment and tools required for the complete 
installation of the work indicated on the Drawings or as specified herein. 

 
B. All materials, obviously a part of the Security Infrastructure and necessary to its proper 

operation, but not specifically mentioned or shown on the Drawings, shall be furnished 
and installed without additional charge. 

 
C. The Drawings and Specifications are complementary to each other and what is called 

for by one shall be as binding as if called for by both. If a discrepancy exists between 
the Drawing and Specifications, the higher cost shall be included, and the engineer 
shall be notified of the discrepancy. 

 
1.4 WORK INCLUDED 

 
A. The Electronic Safety and Security Infrastructure installed and work performed under 

this Division of the Specifications shall include but not necessarily be limited to the 
following: 

1. Security systems cabling infrastructure. 
2. Security systems conduits, raceways, cable tray, racks, cabinets, 
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panels and equipment mounting boards. 
3. Grounding and Bonding of Electronic Safety and Security Equipment. 
4. Electronic Safety and Security Life Safety Plan for construction site specific. 

 
1.5 DEFINITIONS 

 
A. Terms: The following definitions of terms supplement those of the General 

Requirements and are applicable to Division 28 – Electronic Safety and Security. 
 

B. Provide: As used herein shall mean “furnish, install and test (if applicable) complete.” 
 

C. Infrastructure: As used herein shall mean cable, conduit, raceway, cable tray or 
j-hooks with all required boxes, fittings, connectors, and accessories; completely 
installed. 

 
D. Work: As used herein shall be understood to mean the materials completely 

installed, tested and certified including the labor involved. 
 

E. Main Distribution Frame (MDF): The primary communications room for a facility used 
to house head- end equipment for various systems and interconnect with equipment in 
other communications rooms and spaces via backbone cables. 

 
F. Intermediate Distribution Frame (IDF): Secondary communications rooms 

located throughout a facility and used to extend horizontal cables to system 
devices. 

 
1.6 DRAWINGS 

 
A. Drawings are generally diagrammatic and show the arrangement and location of 

pathways, outlets, support structures and equipment. The Contractor shall carefully 
investigate the structural and finish conditions affecting his work and arrange his work 
accordingly. Should conditions on the job make itnecessary to make adjustments to 
pathways or materials, the Contractor shall so advise the Engineer and secure 
approval before proceeding with such work. 

 
B. Where exact locations are required by equipment for stubbing-up and terminating 

conduit concealed in floor slabs, the Contractor shall request shop drawings, 
equipment location drawings, foundation drawings, and any other data required by him 
to locate the concealed conduit before the floor slab is poured. 

 
C. Materials, equipment or labor not indicated but which can be reasonably inferred to be 

necessary for a complete installation shall be provided. Drawings and Specifications 
do not undertake to indicate every item of material, equipment, or labor required to 
produce a complete and properly operating installation. 

 
D. The right is reserved to make reasonable changes in locations of equipment 

indicated on Drawings prior to rough-in without increase in contract cost. 
 

E. The Contractor shall not reduce the size or number of conduit runs indicated on the 
Drawings without the written approval of the Engineer. 

 
F. Any work installed contrary to Contract Drawings shall be subject to change 

as directed by the Engineer, and no extra compensation will be allowed for 
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making these changes. 
 

G. The location of equipment, support structures, outlets, and similar devices shown on 
the Drawings are approximate only. Do not scale Drawings. Obtain layout dimensions 
for equipment from Architectural plans unless indicated on Communications plans. 

 
H. Schematic diagrams shown on the Drawings indicate the required functions only. The 

technology of a particular manufacturer may be used to accomplish the functions 
indicated without exact adherence to the schematic Drawings shown. Additional labor 
and materials required for such deviations shall be furnished at the Contractor's 
expense. 

 
I. Verify the ceiling type, ceiling suspension systems, and clearance above hung ceilings 

prior to ordering cabling and associated hardware. Notify the Engineer of any 
discrepancies. 

 
J. Review all drawings for modular furniture, power poles and other conditions 

that may require additional coordination by the contractor. 
 

K. Portions of these Drawings and Specifications are abbreviated and may include 
incomplete sentences. Omissions of words or phrases such as “the Contractor shall,” 
“shall be,” “as indicated on the Drawings,” “In accordance with,” “a,” “the” and “all are 
intended” shall be supplied by inference. 

 
1.7 SUBMITTALS 

 
A. Required to be submitted prior to the commencement of work: 

1. Contractor qualifications information including but not limited to: 

a. Name, qualifications, etc. of company providing and installing system 
b. Submit copy of Florida Registered Firm certificate 
c. Submit copy of Florida Contractor's license 
d. Contractor certification by manufacturers 
e. Narrative of System Operation 
f. Detailed step-by-step testing procedure for a functional checkout and 

test 
 

B. Submit for approval, details of all materials, equipment and systems to be furnished. 
Work shall not proceed without the Owner and/or the Project Manager's approval of 
the submitted items. Four (4) copies of the following shall be submitted: 
1. Submittals for individual systems and equipment assemblies that consist of 

more than one item or component shall be made for the system or assembly 
as a whole. Partial submittals will not be considered, reviewed or stored, and 
such submittals will not be returned except at the request and expense of the 
Contractor. 

2. Shop drawings shall include equipment racks, patch panels, termination 
blocks, connection details, rack mounting details and any other details not 
included in the construction drawings. 

 
C. Any materials and equipment listed that are not in accordance with Specification 

requirements may be rejected. 
D. The approval of material, equipment, systems and shop drawings is a general approval 
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subject to the Drawings, Specifications and verification of all measurements at the job.  
Approval does not relieve the Contractor from the responsibility of shop drawing errors. 
The Contractor shall carefully check and correct all shop drawings prior to submission 
for approval. 

 
1.8 QUALITY ASSURANCE 

 
A. Equipment and materials required for installation under these Specifications shall be 

the current model and new (less than one [1] year from the date of manufacture), 
unused and without blemish or defect. 

 
B. Equipment shall bear labels attesting to Underwriters Laboratories, where subject to 

label service. Manufacturers of equipment and materials pertinent to these items shall 
have been engaged in the manufacture of said equipment a minimum of ten (10) 
years and, if so directed by the Owner, be able to furnish proof of their ability by 
submitting affidavits and descriptive data about their product including size and 
magnitude comparable to requirements specified herein. 

 
1.9 CONTRACTOR QUALIFICATIONS 

 
A. The Contractor shall have total responsibility for the coordination and installation of 

the work shown and described in the Drawings and Specifications. The Contractor 
shall be a company specializing in the design, fabrication and installation of 
integrated Security systems. 

 
B. Security Systems specified shall be installed under the direction of a qualified 

System Manufacturer Certified Contractor. Qualification requirements shall include 
submittal by the Contractor to the Architect of the following: 

1. List of previous projects of this scope, size and nature; including names and 
sizes of projects, description of work, time of completion and names of 
contact persons for reference. 

2. Shall certify that they are manufacturer-authorized for work to be performed. 
 

C. The Contractor shall maintain an office within fifty (50) miles of the project site with 
the capability  to provide emergency response. 

 
D. The Installer shall be a direct sales division of, or an authorized and designated 

dealer for the equipment manufacturer whose product he intends to install. 
 

E. The Installer shall be currently licensed by the Electrical Contractor’s Licensing 
Board with the appropriate license for the system he intends to install. 

 
F. Sub-Installers (i.e. Installers two levels beneath the Electrical Sub-Contractor) shall not 

be allowed. 
 

1.10 COORDINATION WITH OTHER TRADES 
 

A. The Contractor shall coordinate the Security systems work with that of other sections 
as required ensuring that the entire Electronic Safety and Security work will be carried 
out in an orderly, complete and coordinated fashion. 

 
1.11 PERMITS 
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A. Obtain all permits and inspections for the installation of this work and pay all charges 
incident thereto. Deliver to the Owner all certificates of said inspection issued by 
authorities having jurisdiction. 

 
PART 2 - PRODUCTS 

 
2.1 SUBSTITUTIONS 

 
A. Where equipment is identified by manufacturer and catalog number, it shall be as 

the base of requirements for quality and performance. Where manufacturers for 
equipment are identified by name, the Contractor may submit for approval, similar 
equipment of other manufacturers as substitution. The Engineer's decision as to 
whether the submitted equipment is acceptable shall be final and binding. 

B. All changes necessary to accommodate the substituted equipment shall be made at 
the Contractor's expense, and shall be as approved by the Engineer. Detailed 
drawings indicating the required changes shall be submitted for approval at the time 
the substitution is requested. 

 
C. If substitutions are made in lieu of device specified; form, dimension, design and 

profile shall be submitted to the Engineer for approval. 
 

D. Submit request for approval of substitute materials in writing to the Architect at least 
five days prior to bid opening. 

 
2.2 MATERIALS 

 
A. All materials used in this work shall be new and shall bear the inspection label 

of Underwriters' Laboratories Inc. or certification by other recognized 
laboratory. 

 
B. The published standards and requirements of the Telecommunications Industries 

Association (TIA), National Electrical Manufacturers Association (NEMA), the 
American National Standard Institute (ANSI), the Institute of Electrical and Electronic 
Engineers (IEEE), and the American Society of Testing Materials (ASTM), are made a 
part of these Specifications and shall apply wherever applicable. 

 
C. Materials and equipment furnished shall be of current production by manufacturers 

regularly engaged in the manufacture of such items, for which replacement parts are 
available. 

 
D. When more than one unit of the same class of equipment or material is required, 

such units shall be the products of a single manufacturer or partner manufacturers 
that offer a certified solution. 

 
E. Components of an assembled unit need not be products of the same manufacturer, 

but must offer a certified end-to-end solution. 
 

F. Manufacturers of equipment assemblies, which include components made by 
others, shall assume complete responsibility for the final assembled unit. 

 
G. Components shall be compatible with each other and with the total assembly for the 

intended service. 
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H. The contractor shall be responsible for the delivery, receipt, and safe storage on site 
of all Electronic Safety and Security systems materials and equipment to the job site 
until the job is completed and the owner accepts the equipment or installation. 
Replace any damaged materials or equipment. 

 
I. Records shall be kept of all materials and equipment delivered to the job site in the 

form of shipping manifests, bills of laden or signed receipts. 
 

J. At the end of the installation all remaining Electronic Safety and Security 
systems materials and equipment will be inventoried and turned over to the 
owner. 

 
PART 3 - EXECUTION 

 
3.1 EXAMINATION OF CONDITIONS 

 
A. Prior to the start of work, the Contractor shall carefully inspect the installed work of 

other trades and verify that such work is complete to the point where installation may 
properly commence. Start of work indicates acceptance of conditions. 

 
B. Install equipment in accordance with applicable codes and regulations, the original 

design and the referenced standards. 
 

C. In the event of a discrepancy, immediately notify the Project Engineer and owner. 
 

D. Do not proceed with installation until unsatisfactory conditions and discrepancies 
have been fully resolved. 

 
3.2 PROTECTION OF SYSTEMS AND EQUIPMENT 

 
A. Protect materials and equipment from damage during storage at the site and 

throughout the construction period. Equipment and materials shall be protected during 
shipment and storage against physical damage, dirt, theft, moisture, extreme 
temperature and rain. 

 
B. Damage from rain, dirt, sun and ground water shall be prevented by storing the 

equipment on elevated supports and covering the sides with securely fastened 
protective rigid or flexible waterproof coverings. 

 
C. During installation, equipment shall be protected against entry of foreign matter on 

the inside and be vacuum cleaned both inside and outside before testing, operating 
or painting. 

 
D. As determined by the Owner or Engineer, damaged equipment shall be fully 

repaired or shall be removed and replaced with new equipment to fully comply 
with requirements of the Contract Documents. Decision of the Owner or 
Engineer shall be final. 

 
E. Damaged paint on equipment and materials shall be repainted with painting 

equipment and finished with the same quality of paint and workmanship as used by 
the manufacturer. 

 
3.3 ACCESS TO EQUIPMENT 
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A. Equipment shall be installed in location and manner that will allow convenient access 

for maintenance and inspection. 
 

B. Working spaces shall be not less than specified in the National Electrical Code (NEC). 
 

C. Where the Project Manager determines that the Contractor has installed equipment 
not conveniently accessible for operation and maintenance, equipment shall be 
removed and reinstalled, one time only, as directed by the Project Manager, at no 
additional cost to the Owner. “Conveniently accessible” is defined as being capable of 
being reached without the use of ladders or without climbing or crawling under or over 
obstacles such as motors, pumps, belt guards, transformers, piping and duct work. 

 
3.4 CLEANING 

 
A. During construction, and prior to Owner acceptance of the building, remove from 

the premises and dispose of packing material and debris caused by 
communications work. 

 
B. Remove dust and debris from interiors and exteriors of electrical equipment. Clean 

accessible current carrying elements prior to being energized. 
 

3.5 COMPLETION 
 

A. General: Upon completion of the work, remove excess debris, materials, equipment, 
apparatus, tools and similar items. Leave the premises clean, neat and orderly. 

 
B. Results Expected: Systems shall be complete and operational and controls shall be 

set and calibrated. Labeling, testing, start-up and cleaning work shall be complete. 
 

C. Maintenance Materials: Special tools for proper operation and maintenance of the 
equipment provided under this Specification shall be delivered to the Owner. 

 
 
 

3.6 TESTING AND VERIFICATION 
 

A. See specific Division 28 section for testing parameters of Security sub-systems. 
 

B. The Contractor shall verify that requirements of this Specification are met. 
Verification shall be through a combination of analyses, inspections, 
demonstrations and tests, as described below. 

 
C. Verification by inspection includes examination of items and comparison of pertinent 

characteristics against the qualitative or quantitative standard set forth in the 
Specifications. Inspection may require moving or partially disassembling the item to 
accomplish the verification, included as part of the work at no additional cost to the 
Owner. 

 
D. The Contractor shall verify by formal demonstrations or tests that the requirements 

of this Specification have been met. The Contractor shall demonstrate that the 
Electronic Safety and Security systems, components and subsystems meet 
Specification requirements in the “as-installed” operating environment during the 
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“System Operation Test.” Even though no formal environmental testing is required, 
the Contractor shall measure and record temperature, humidity and other 
environmental parameters and the environmental conditions, which were 
encountered during the “System Operation Test.” 

 
E. The Contractor shall carefully plan and coordinate the final acceptance tests so 

that tests can be satisfactorily completed. The Contractor shall provide necessary 
instruments, labor and materials required for tests, including the equipment 
manufacturer's technical representative and qualified technicians in sufficient 
numbers to perform the tests within a reasonable time period. 

 
F. The Contractor shall satisfy all items detailed in the final acceptance check-off list 

(punch list). The list shall be a complete representation of specified installation 
requirements. At the time of final acceptance punch list items shall be corrected until 
the system is found to be acceptable to the Owner and the Project Manager. 

 
G. After the Contractor systems have been installed and tested, the completed test plan 

shall be signed by the Security System Contractor Project Manager and submitted 
for approval. 

 
3.7 MAINTENANCE SERVICE 

 
A. The Contractor shall furnish service and maintenance of each system for one (1) year 

from date of acceptance by the Owner. 
1. No charges shall be made by the Installer or Contractor for any labor, 

equipment, materials, or associated services during this period to maintain 
functions of the system. 

2. Respond to trouble call within twenty-four (24) hours after receipt of such call. 
 

B. The Contractor shall, at the Owner’s request, make available a service contract 
offering continuing factory authorized service of this system after the initial 
warranty period. 

 
C. The system manufacturer shall maintain engineering and service departments 

capable of rendering advice regarding installation and final closeout of the system. 

END OF SECTION 28 00 00 
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SECTION 28 05 00 - COMMON WORK RESULTS FOR ELECTRONIC SAFETY/SECURITY 
 
PART 1 – GENERAL  
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Sleeves for raceways and cables. 
2. Sleeve seals. 
3. Grout. 
4. Common electronic safety and security installation requirements. 

 
1.3 SUBMITTALS 

 
A. Product Data: For sleeve seals. 

 
PART 2 - PRODUCTS 
 
2.1 SLEEVES FOR RACEWAYS AND CABLES 

 
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 

ends. 
 

B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop, unless otherwise indicated. 

 
C. Sleeves for Rectangular Openings: Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches and no 
side more than 16 inches, thickness shall be 0.052 inch. 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 
inches and 1 or more sides equal to, or more than, 16 inches, thickness shall 
be 0.138 inch. 

 
2.2 SLEEVE SEALS 

 
A. Description: Modular sealing device, designed for field assembly, to fill annular space 

between sleeve and raceway or cable. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following: 

a. Advance Products & Systems, Inc. 
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b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

 
2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. 

Include type and number required for material and size of raceway or cable. 
3. Pressure Plates: Carbon steel. Include two for each sealing element. 
4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements. Include one for each sealing 
element. 

 
2.3 GROUT 

 
A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic 

aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for 
application and a 30-minute working time. 

PART 3 - EXECUTION 
 
3.1 COMMON REQUIREMENTS FOR ELECTRONIC SAFETY AND SECURITY INSTALLATION 

 
A. Comply with NECA 1. 

 
B. Measure indicated mounting heights to bottom of unit for suspended items and to center 

of unit for wall- mounting items. 
 

C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, 
arrange and install components and equipment to provide maximum possible headroom 
consistent with these requirements. 

 
D. Equipment: Install to facilitate service, maintenance, and repair or replacement of 

components of both electronic safety and security equipment and other nearby 
installations. Connect in such a way as to facilitate future disconnecting with minimum 
interference with other items in the vicinity. 

 
E. Right of Way: Give to piping systems installed at a required slope. 

 
3.2 SLEEVE INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY PENETRATIONS 

 
A. Electronic safety and security penetrations occur when raceways, pathways, cables, 

wireways, or cable trays penetrate concrete slabs, concrete or masonry walls, or fire-rated 
floor and wall assemblies. 

 
B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or 

formed openings are used. Install sleeves during erection of slabs and walls. 
 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 
 

D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall 
assemblies unless openings compatible with firestop system used are fabricated 
during construction of floor or wall. 

 
E. Cut sleeves to length for mounting flush with both surfaces of walls. 
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F. Extend sleeves installed in floors 2 inches above finished floor level. 
 

G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway 
or cable, unless indicated otherwise. 

 
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool 
exposed surfaces smooth; protect grout while curing. 

 
I. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between 

sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of 
joint. Comply with requirements in Division 07 Section "Joint Sealants." 

 
J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, 

ceilings, and floors at raceway and cable penetrations. Install sleeves and seal raceway 
and cable penetration sleeves with firestop materials. Comply with requirements in Division 
07 Section "Penetration Firestopping." 

 
K. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with 

flexible boot-type flashing units applied in coordination with roofing work. 
 

L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using cast-iron pipe sleeves and 
mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between 
pipe and sleeve for installing mechanical sleeve seals. 

 
M. Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow 

for 1-inch annular clear space between raceway or cable and sleeve for installing mechanical 
sleeve seals. 
 

3.3 SLEEVE-SEAL INSTALLATION 
 

A. Install to seal exterior wall penetrations. 
 

B. Use type and number of sealing elements recommended by manufacturer for raceway or 
cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical 
sleeve seals and install in annular space between raceway or cable and sleeve. Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal. 

 
3.4 FIRESTOPPING 

 
A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electronic 

safety and security installations to restore original fire-resistance rating of assembly. 
Firestopping materials and installation requirements are specified in Division 07 Section 
"Penetration Firestopping." 

 
 
END OF SECTION 28 05 00 
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SECTION 28 05 13 - CONDUCTORS AND CABLES FOR ESS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 01 Specification Sections, apply to this Section.  
 
1.2 SUMMARY 

 
A. Section Includes: 

1. UTP cabling (for POE devices). 
2. Wiring for access control. 
3. Identification products. 

 
1.3 DEFINITIONS 

 
A. BICSI: Building Industry Consulting Service International. 

 
B. EMI: Electromagnetic interference. 

 
C. IDC: Insulation displacement connector. 

 
D. Open Cabling: Passing telecommunications cabling through open space (e.g., between the studs of a wall 

cavity). 
 

E. RCDD: Registered Communications Distribution Designer. 
 
1.4 SUBMITTALS 

 
A. Product Data: For each type of product indicated. 

 
B. Qualification Data: For qualified layout technician, installation supervisor, and field inspector. 

 
C. Source quality-control reports. 

 
D. Operation and maintenance data. 

 
1.5 QUALITY ASSURANCE 

 
A. Testing Agency Qualifications: An NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to supervise on-site 
testing for UTP cabling installation. 

 
B. Surface-Burning Characteristics: As determined by testing identical products according to ASTM E 84 by a 

qualified testing agency. Identify products with appropriate markings of applicable testing agency. 

1. Flame-Spread Index: 25 or less. 
2. Smoke-Developed Index: 450 or less. 
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C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

 
1.6 DELIVERY, STORAGE, AND HANDLING 

 
A. Test cables upon receipt at Project site. 

1. Test each pair of UTP cable for open and short circuits. 

1.7 PROJECT CONDITIONS 
 

A. Do not install conductors and cables that are wet, moisture damaged, or mold damaged. 

1. Indications that wire and cables are wet or moisture damaged include, but are not limited to, 
discoloration and sagging of factory packing materials. 

 
B. Environmental Limitations: Do not deliver or install UTP, optical fiber, and coaxial cables and connecting 

materials until wet work in spaces is complete and dry, and temporary HVAC system is operating and 
maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the 
construction period. 
 

1.8 WARRANTY 
 

A. Provide manufacturer’s standard warranty for each product type. 
 
PART 2 - PRODUCTS 

 
2.1 PATHWAYS 

 
A. Support of Open Cabling: NRTL labeled for support of Category 6 cabling, designed to prevent degradation of 

cable performance and pinch points that could damage cable. 
 

B. Cable Trays: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

a. Allied Tube & Conduit; a business unit of Tyco Electrical & Metal Products. 
b. Cablofil. 
c. Cooper B-Line, Inc. 
d. GS Metals Corp. 

 
2. Cable Tray Materials: Metal, suitable for indoors, and protected against corrosion by hot-dip 

galvanizing, complying with ASTM A 123/A 123M Grade 0.55, not less than 0.002165 inch thick. 
 

C. Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes." Flexible metal 
conduit shall not be used. 

1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2 inches deep. 
 
2.2 BACKBOARDS 

 
A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches mounted 6” Above Finished Floor, AFF. 

Comply with requirements for plywood backing panels in Division 6 Section "Rough Carpentry". 
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2.3 UTP CABLE 
 

A. Manufacturers: Subject to compliance with requirements, provide products by the following: 

1. Panduit Corp. 
 

B. Description: 100-ohm, Category 6, 4-pair UTP, covered with a blue thermoplastic jacket. 

1. Comply with ICEA S-90-661 for mechanical properties. 
2. Comply with TIA/EIA-568-B.1 for performance specifications. 
3. Comply with TIA/EIA-568-B.2, Category 6. 
4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 444 

and NFPA 70 for the following types: 

a. Communications, General Purpose: Type CM or CMG; or MPP, CMP, MPR, CMR, MP, or MPG. 
b. Communications, Plenum Rated: Type CMP or MPP, complying with NFPA 262. 
c. Communications, Riser Rated: Type CMR; or MPP, CMP, or MPR, complying with UL 1666. 
d. Communications, Limited Purpose: Type CMX; or MPP, CMP, MPR, CMR, MP, MPG, CM, or CMG. 
e. Multipurpose: Type MP or MPG; or MPP or MPR. 
f. Multipurpose, Plenum Rated: Type MPP, complying with NFPA 262. 
g. Multipurpose, Riser Rated: Type MPR or MPP, complying with UL 1666. 

 
2.4 UTP CABLE HARDWARE 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Panduit Corp. 

B. UTP Cable Connecting Hardware: IDC type, using modules designed for punch-down caps or tools. Cables 
shall be terminated with connecting hardware of the same category or higher. 

 
C. Connecting Blocks: 110-style for Category 6. Provide blocks for the number of cables terminated on the 

block, plus 25 percent spare. Integral with connector bodies, including plugs and jacks where indicated. 
 
2.5 WIRING FOR ACCESS CONTROL 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. West Penn 
2. Belden 
3. Or approved equal 

 
B. Contractor to coordinate cable requirement with door hardware provider and all equipment manufacturers 

prior to purchasing cables. 
 
2.6 IDENTIFICATION PRODUCTS 

 
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Panduit Corp. 
 

B. Comply with UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers. 
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C. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 
 
2.7 SOURCE QUALITY CONTROL 

 
A. Factory test UTP and optical fiber cables on reels according to TIA/EIA-568-B.1. 

 
B. Factory test UTP cables according to TIA/EIA-568-B.2. 

 
C. Factory test multimode optical fiber cables according to TIA-526-14-A and TIA/EIA-568-B.3. 

 
D. Factory sweep test coaxial cables at frequencies from 5 MHz to 1 GHz. Sweep test shall test the frequency 

response, or attenuation over frequency, of a cable by generating a voltage whose frequency is varied 
through the specified frequency range and graphing the results. 

 
E. Cable will be considered defective if it does not pass tests and inspections. 

 
F. Prepare test and inspection reports. 

 
PART 3 - EXECUTION 

 
3.1 INSTALLATION OF PATHWAYS 

 
A. Cable Trays: Comply with NEMA VE 2 and TIA-569-B. 

 
B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends between pull points. 

 
C. Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems" for installation of 

conduits and wireways. 
 

D. Install manufactured conduit sweeps and long-radius elbows whenever possible. 
 

E. Pathway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard where a single piece of plywood is installed or in 
the corner of room where multiple sheets of plywood are installed around perimeter walls of room. 

2. Install cable trays to route cables if conduits cannot be located in these positions. 
3. Secure conduits to backboard when entering room from overhead. 
4. Extend conduits 2 inches above finished floor. 
5. Install metal conduits with grounding bushings and connect with grounding conductor to grounding 

system. 
 

F. Backboards: Install backboards with 96-inchdimension vertical. Butt adjacent sheets tightly, and form 
smooth gap-free corners and joints. 

 
3.2 INSTALLATION OF HANGERS AND SUPPORTS 

 
A. Comply with requirements in Division 26 Section "Hangers and Supports for Electrical Systems" for 

installation of supports for pathways, conductors and cables. 
 
3.3 WIRING METHOD 

 
A. Install wiring in metal raceways and wireways. Conceal raceway except in unfinished spaces and as 

indicated. Minimum conduit size shall be 1 inch, unless noted otherwise on plans. Control and data 
transmission wiring shall not share conduit with other building wiring systems. 
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B. Install wiring in raceways except in accessible indoor ceiling spaces and in interior hollow gypsum board 

partitions where cable may be used. Conceal raceways and wiring except in unfinished spaces and as 
indicated. Minimum conduit size shall be 3/4 inch. Control and data transmission wiring shall not share 
conduit with other building wiring systems. 

 
C. Install cable, concealed in accessible ceilings, walls, and floors when possible. 

 
D. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points. Use lacing bars and distribution 

spools. Separate power-limited and non-power-limited conductors as recommended in writing by manufacturer. 
Install conductors parallel with or at right angles to sides and back of enclosure. Connect conductors that are 
terminated, spliced, or interrupted in any enclosure associated with intrusion system to terminal blocks. Mark 
each terminal according to system's wiring diagrams. Make all connections with approved crimp-on terminal 
spade lugs, pressure-type terminal blocks, or plug connectors. 

 
3.4 INSTALLATION OF CONDUCTORS AND CABLES 

 
A. Comply with NECA 1. 

 
B. Conductors: Size according to system manufacturer's written instructions unless otherwise indicated. 

 
C. General Requirements for Cabling: 

1. Comply with TIA/EIA-568-B.1. 
2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices." 
3. Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at 

indicated outlets, terminals, and cross-connect and patch panels. 
4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches and not 

more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals. 
5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on 

bending radii, but not less than radii specified in BICSI ITSIM, "Cabling Termination Practices" Chapter. 
Install lacing bars and distribution spools. 

6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between 
termination, tap, or junction points. Remove and discard cable if damaged during installation and 
replace it with new cable. 

7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps shall not be 
used for heating. 

8. Pulling Cable: Comply with BICSI ITSIM, Ch. 4, "Pulling Cable." Monitor cable pull tensions. 
 

D. UTP Cable Installation: Install using techniques, practices, and methods that are consistent with Category 6 
rating of components and that ensure Category 6 performance of completed and linked signal paths, end to 
end. 

1. Comply with TIA/EIA-568-B.2. 
2. Install 110-style IDC termination hardware unless otherwise indicated. 
3. Do not untwist UTP cables more than 1/2 inch from the point of termination to maintain cable 

geometry. 
E. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating 
hardware and interconnection equipment. 

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches above ceilings by cable 
supports not more than 60 inches apart. 

3. Cable shall not be run through structural members or in contact with pipes, ducts, or other potentially 
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damaging items. 
 

F. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded copper voice 
and data communication cable from potential EMI sources, including electrical power lines and 
equipment. 

2. Separation between open communications cables or cables in nonmetallic raceways and unshielded 
power conductors and electrical equipment shall be as follows: 
a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches. 
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches. 

 
3. Separation between communications cables in grounded metallic raceways and unshielded power lines 

or electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2 inches. 
b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches. 

 
4. Separation between communications cables in grounded metallic raceways and power lines and 

electrical equipment located in grounded metallic conduits or enclosures shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: No requirement. 
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches. 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches. 

 
5. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger: A 

minimum of 48 inches. 
6. Separation between Cables and Fluorescent Fixtures: A minimum of 5 inches. 

 
3.5 POWER AND CONTROL-CIRCUIT CONDUCTORS 

 
A. 120-V Power Wiring: Install according to Division 26 Section "Low-Voltage Electrical Power Conductors and 

Cables" unless otherwise indicated. 
 

B. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits, No. 14 AWG. 
2. Class 2 low-energy, remote-control and signal circuits, No. 16 AWG. 
3. Class 3 low-energy, remote-control, alarm and signal circuits, No. 12 AWG. 

 
3.6 CONNECTIONS 

 
A. Comply with requirements in Division 28 Section "Digital, Addressable Fire-Alarm System" for connecting, 

terminating, and identifying wires and cables. 
 
3.7 FIRESTOPPING 

 
A. Comply with TIA-569-B, "Firestopping" Annex A. 

 
B. Comply with BICSI TDMM, "Firestopping Systems" Article. 

 
3.8 GROUNDING 
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A. For communications wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, "Grounding, Bonding, 

and Electrical Protection" Chapter. 
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B. For low-voltage wiring and cabling, comply with requirements in Division 26 Section 
"Grounding and Bonding for Electrical Systems." 

 
3.9 IDENTIFICATION 

 
A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply with 

requirements for identification specified in Division 26 Section "Identification for Electrical 
Systems" and Division 27 Section “Identification for Communications Systems”. 

 
3.10 FIELD QUALITY CONTROL 

 
A. Perform tests and inspections. 

 
B. Tests and Inspections: 

1. Visually inspect UTP and optical fiber cable jacket materials for NRTL certification 
markings. Inspect cabling terminations to confirm color-coding for pin assignments, 
and inspect cabling connections to confirm compliance with TIA/EIA-568-B.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, 
equipment and patch cords, and labeling of all components. 

3. Test UTP cabling for DC loop resistance, shorts, opens, intermittent faults, and 
polarity between conductors. Test operation of shorting bars in connection blocks. 
Test cables after termination but not cross connection. 

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-
568-B.2. Perform tests with a tester that complies with performance 
requirements in "Test Instruments (Normative)" Annex, complying with 
measurement accuracy specified in "Measurement Accuracy (Informative)" 
Annex. Use only test cords and adapters that are qualified by test equipment 
manufacturer for channel or link test configuration. 

 
C. Document data for each measurement. Print data for submittals in a summary report that is 

formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the 
instrument to the computer, save as text files, print, and submit. 

 
D. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

 
E. Prepare test and inspection reports. 

 
 
END OF SECTION 28 05 13 
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SECTION 28 08 00 - COMMISSIONING OF ESS SYSTEMS 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

other Division 01 Specification Sections, apply to this Section.  
 
1.2 GENERAL REQUIREMENTS 

 
A. Applicable requirements of Division 28 – Security Systems shall be considered a part of this section 

and shall have the same force as if printed herein full. 
 

B. This document describes the equipment and execution requirements relating to Commissioning of 
Communications. 

 
C. Equipment specifications, general considerations, and guidelines are provided in this document. The 

successful vendor shall meet or exceed all requirements described in this document and on the 
drawings. 

 
1.3 WORK INCLUDED 

 
A. The work included under this specification consists of furnishing all labor, equipment, materials, supplies 

and performing all operations necessary to complete installation. The Contractor will provide and install 
all of the required material whether specifically addressed in the Specification or not. 

 
PART 2 - TESTING 

 
2.1 TESTING REQUIREMENTS 

 
A. General: 

1. All cables and termination hardware shall be 100% tested for defects in installation and to verify 
cabling system performance under installed conditions according to the requirements of 
ANSI/TIA-568-C.0, ANSI/TIA-568-C.1, and/or ANSI/TIA-1152. All conductors/strands of each 
installed cable shall be verified prior to system acceptance. Any defect in the cabling system 
installation including but not limited to cable, connectors, feed through couplers, patch panels, 
and connector blocks shall be repaired or replaced in order to ensure 100% useable 
conductors/strands in all cables installed. 

 
B. Copper Testing: 

1. All twisted-pair copper cable links shall be tested for continuity, pair reversals, shorts, opens and 
performance as indicated below. Additional testing is required to verify Category 6A 
performance. Horizontal balanced twisted pair cabling shall be tested using a level IIe, III, or IV 
test unit for Category 6 performance compliance. 

2. Continuity - Each pair of each installed cable shall be tested using a test unit that shows 
opens, shorts, polarity and pair-reversals, crossed pairs and split pairs. The test shall be 
recorded as pass/fail as indicated by the test unit and referenced to the appropriate cable 
identification number and circuit or pair number. Any faults in the wiring shall be corrected and 
the cable re-tested prior to final acceptance. 

3. Length - Each installed cable link shall be tested for installed length using a TDR type device. 
The cables shall be tested from patch panel to patch panel, block to block, patch panel to outlet 
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or block to outlet as appropriate. The cable length shall conform to the maximum distances set 
forth in the ANSI/TIA-568-C.2 Standard. Cable lengths shall be recorded, referencing the cable 
identification number and circuit or pair number. For multi-pair cables, the shortest pair length 
shall be recorded as the length for the cable. 

C. Approved tester is as follows: Fluke DTX 
D. Test Results: 

1. Test documentation shall be provided in 3 hard copies and 3 electronic copies on disk as part of 
the as-built package. The disk shall be clearly marked on the outside front cover with the words 
“Project Test Documentation,” the project name, and the date of completion (month and year). 
The results shall include a record of test frequencies, cable type, conductor pair (or strand) and 
cable (or outlet) I.D., measurement direction, reference setup, and crew member name(s). The 
test equipment name, manufacturer, model number, serial number, software version and last 
calibration date will also be provided at the end of the document. Unless the manufacturer 
specifies a more frequent calibration cycle, an annual calibration cycle is anticipated on all test 
equipment used for this installation. The test document shall detail the test method used and the 
specific settings of the equipment during the test as well as the software version being used in 
the field test equipment. 

2. The field test equipment shall meet the requirements of ANSI/TIA-568-C.2, ANSI/TIA-568- 
C.3, and/or ANSI/TIA-1152. 

3. Three bound printouts generated for each cable by the wire (or fiber) test instrument shall be 
submitted as part of the documentation package. These CDs shall contain the electronic 
equivalent of the test results as defined by the Specification and be of a format readable from 
Microsoft Word. 

4. When repairs and re-tests are performed, the problem found and corrective action taken shall be 
noted, and both the failed and passed test data shall be documented. 

 
PART 3 - DOCUMENTATION, AS-BUILTS, TRAINING AND RECORDS 

 
3.1 DOCUMENTATION AND AS-BUILTS 

 
A. As-Built record documentation for communications work shall include: 

1. Cable routing and identification 
2. End user outlet labeling 
3. System function diagrams 
4. Manufacturers' description literature for equipment 
5. Connection and programming schedules as appropriate 
6. Equipment material list including quantities 
7. Spare parts list with quantities 
8. Details not on original Contract Documents 
9. Test results 
10. Warranties 
11. Release of liens 

 
B. The Contractor shall provide and maintain at the site a set of prints on which shall be accurately shown 

the actual installation of all work under this section, indicating any variation from contract drawings, 
including changes in pathways, sizes, locations and dimensions. All changes shall be clearly and 
completely indicated as the work progresses. 

 
C. Progress prints shall be available for inspection by the Owner or any of his representatives and may be 

used to determine the progress of communications infrastructure work. 
 

D. At the completion of the work, prepare a new set of as-built drawings, of the work as actually noted on 
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the marked-up prints, including the dimensioned location of all pathways. 
 

E. Furnish as-built drawings and documentation to the Project Manager. As-built drawings shall be 
generated in AutoCad 2006 or later. Submit 3 copies of as-built drawings electronically on C.D. and 
hard copy. 

 
3.2 OPERATIONS AND MAINTENANCE MANUAL 

 
A. After completion of the work, the Contractor shall furnish and deliver to the Engineer three (3) copies of a 

complete Operations & Maintenance Manual. A system wiring diagram shall be furnished for each 
separate system. 

 
B. The manual shall be subdivided into separate sections with tab dividers to identify subsystems of the 

integrated system. Reference appropriate Specification sections. 
 

C. Provide the following additional information for each electronic system. Information shall be edited for this 
project where applicable. 
1. Operations manuals for components and for systems as a whole. 
2. Maintenance manuals for components and for system as a whole. 
3. Point-to-point diagrams, cabling diagrams, construction details and cabling labeling details. 
4. List of spare parts, materials and suppliers of components. Provide name, address and 

telephone number for each supplier. 
5. Emergency instructions for operational and maintenance requirements. 
6. Delivery time frame for replacement of component parts from suppliers. 
7. Recommended inspection schedule and procedures for components and for system as a whole. 
8. List of spare parts, materials and suppliers of components. Provide name, address and 

telephone number for each supplier. 
9. Complete “reviewed” shop drawings and product data for components and system as a whole. 
10. Troubleshooting procedures for each system and for each major system component. 

 
3.3 TRAINING 

 
A. The Contractor shall be responsible for training of facility personnel. Training shall take place after 

occupancy and before acceptance and shall include programs for on-site operations and maintenance of 
technology and communications systems. Training shall be for not more than ten (10) people, shall be 
held at the Owner's site and shall be of sufficient duration and depth to ensure that the trained personnel 
can operate the installed systems and can perform usual and customary maintenance actions. The 
contractor shall record the training and provide (3) DVD copies of the training to the project manager. 

 
3.4 WARRANTY 

 
A. General: 

1. All equipment is to be new and warranted free of faulty workmanship and damage. 
2. Replacement of defective equipment and materials and repair of faulty workmanship within 24 

hours of notification, except emergency conditions (system failures), which must be placed back 
in service within eight (8) hours of notification, all at no cost to the Owner. 

3. The minimum warranty provisions specified shall not diminish the terms of individual 
equipment manufacturer's warranties. 

 
B. CCTV Surveillance System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the installed 
CCTV Surveillance System. Defective and/or improperly installed products shall be replaced 
and/or correctly installed at no cost to the Owner. 

 
C. Access Control System: 
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1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Access Control System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
D. Digital Fire Alarm System: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Access Control System. Defective and/or improperly installed products shall be 
replaced and/or correctly installed at no cost to the Owner. 

 
E. Pathway and Support Infrastructure: 

1. Manufacturer(s) shall provide a minimum 1-year warranty for components used in the 
installed Pathway & Support Infrastructure. Defective and/or improperly installed products 
shall be replaced and/or correctly installed at no cost to the Owner. 

 

END OF SECTION 28 08 00 
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SECTION 28 13 00 ACCESS CONTROL SYSTEM 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

 
1.2 SUMMARY 

 
A. This Section includes access control door hardware for the following: 

1. Swinging doors. 
2. Sliding doors.  
3. Other doors to the extent indicated. 

 
B. Section includes, but is not necessarily limited to, the following for the integrated access control security and 

site management system: 

1. IP-enabled integrated access control door hardware. 
2. Monitoring and signaling equipment. 
3. System network control processors. 
4. Reader controller interfaces and modules. 
5. Input monitor and output control interfaces and modules. 
6. Remote card readers and display terminals. 
7. Power sourcing equipment, network switches and wireless access points. 
8. Access control cards and credentials. 
9. Access control system application software. 
10. Access control system power supplies, back-ups and surge protection. 

 
C. Related Sections: 

1. Division 08 Section – “Hollow Metal Doors and Frames”. 
2. Division 08 Section – “Flush Wood Doors”. 
3. Division 08 Section – “Door Hardware”. 
4. Division 08 Section – “Access Doors and Frames”. 
5. Division 26 Sections for connections to electrical power system and for low-voltage wiring work. 
6. Division 27 Section - "Communications" for connections to the LAN. 
7. Division 28 Section - "Digital, Addressable Fire-Alarm System" for connections to building fire alarm 

system. 
 

D. Codes and References: Comply with the current version year adopted by the Authority Having Jurisdiction. 

1. ANSI A117.1 - Accessible and Usable Buildings and Facilities. 
2. ICC/IBC - International Building Code. 
3. NFPA 70 - National Electrical Code. 
4. NFPA 80 - Fire Doors and Windows. 
5. NFPA 101 - Life Safety Code. 
6. NFPA 105 - Installation of Smoke Door Assemblies. 
7. State Building Codes, Local Amendments. 

 
1.3 SUBMITTALS 

 
A. Product Data: Manufacturer's product data sheets including installation details, material descriptions, 

dimensions of individual components and profiles, operational descriptions and finishes. 
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B.       System Operational Descriptions: Complete system operational narratives for the integrated access 

controlled openings defining the owner's prescribed requirements for the opening functionality. 
 
C.       Narratives include, but are not limited to, the following situations: normal secured/unsecured state of door; 

authorized access; authorized egress; unauthorized access; unauthorized egress; fire alarm and loss of 
power conditions, and interfaces with other building control systems. 

 
D. Shop Drawings: Details of electrified integrated locking hardware and access control firmware, indicating 

the following: 
a. Wiring Diagrams: Upon receipt of approved schedules, submit detailed system wiring diagrams for 

power, signaling, monitoring, communication and control of the access control system electrified 
hardware and firmware. Differentiate between manufacturer-installed and field-installed wiring. 
Include the following: 

• Elevation diagram of each unique access controlled opening showing location and 
interconnection of major system components with respect to their placement in the 
respective door openings. 

• Complete (risers, point-to-point) access control system block wiring diagrams. 
 

b. Electrical Coordination: Coordinate with related Division 26 Electrical Sections the voltages and 
wiring details required at electrically controlled and operated hardware openings. 

 
E. Proof of Certification: Provide copy of manufacturer(s) official certification or accreditation document indicating 

proof of status as a qualified and authorized provider of the primary access control components. 
 

F. Keying Schedule: Reference Division 08 Section "Door Hardware". 
 

G. Product Test Reports: Indicating compliance with cycle testing requirements, based on evaluation of 
comprehensive tests performed by manufacturer and witnessed by a qualified independent testing 
agency. 

 
H. Operating and Maintenance Manuals: Provide manufacturers operating and maintenance manuals for each 

item comprising the complete access control and site management installation in quantity as required in 
Division 01, Closeout Submittals. The manual to include the name, address, and telephone number of the 
supplier/integrator providing the installation and the nearest service representatives for each item of 
equipment included in the system. The final copies delivered after completion of the installation test to 
include "as built" modifications made during installation, checkout, and acceptance. 

1.  As-Built Drawings: During system installation, the Contractor to maintain a separate hard copy set of 
drawings, elevation diagrams, and wiring diagrams of the access control system to be used for record 
drawings. This set to be kept up to date by the Contractor with all changes and additions to the access 
control system accurately recorded. 

 
I. Warranties and Maintenance: Special warranties and maintenance agreements specified in this Section. 

 
1.4 QUALITY ASSURANCE 

 
A. Manufacturers Qualifications: Engage qualified manufacturers with a minimum [5] years of documented 

experience in providing access control and security systems equipment and software similar to that indicated for 
this Project and that have a proven record of successful in-service performance. 

1. Software and access control systems components to have been previously and thoroughly tested together 
with proven installations similar in size and functionality to the design requirements indicated for this 
Project. 

 
B. Integrator Qualifications: Systems Integrators, verifiably factory trained and certified by the primary product 

manufacturers, with a minimum 3 years documented experience installing complete integrated access 
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control systems similar in material, design, and scope to that indicated for this Project and whose work has 
resulted in construction with a proven record of successful in-service performance. Qualifications include, 
but are not necessarily limited, to the following: 

1. References: Provide a list of references for similar projects including contact name, phone number, 
name and type of project. 

2. Professional Staffing: Firms to have a dedicated access control systems integration department with 
full time, experienced professionals on staff experienced in providing on site consulting services for 
both electrified door hardware and integrated access control systems installations. 

3. Factory Training: Installation and service technicians are to be competent factory trained and 
certified personnel capable of maintaining the system. 

4. Service Center: Firms to have a service center capable of providing training, in-stock parts, and 
emergency maintenance and repairs at the Project site with 24-hour/7-days a week maximum 
response time. 

 
C. Supplier/Dealer Qualifications: Supplier/Dealers, verifiably authorized and in good standing with the primary 

product manufacturers, with a minimum [3] years experience supplying integrated access control systems 
similar in material, design, and scope to that indicated for this Project and whose work has resulted in 
construction with a proven record of successful in-service performance. 

 
D. Integrated Wiegand Output, Wireless, and IP-Enabled access control products are required to be supplied 

and installed only through designated ASSA ABLOY "Authorized Channel Partner" (ACP) and “Certified 
Integrator” (CI) accounts. 

 
E. Source Limitations: Obtain the access control door hardware, system firmware and application software 

specified in this Section from a single source, qualified supplier/integrator unless otherwise indicated. 
1. Electrified modifications or enhancements made to a source manufacturer's product line by a 

secondary or third party source will not be accepted. 
2. Provide integrated access control door hardware from the same manufacturer as mechanical door 

hardware, unless otherwise indicated. 
 

F. Regulatory Requirements: Comply with NFPA 70, NFPA 80, NFPA 101 and ANSI A117.1 requirements and 
guidelines as directed in the model building code including, but not limited to, the following: 

1. Comply with NFPA 70 "National Electrical Code", including electrical components, devices, and 
accessories listed and labeled as defined in Article 100 by a testing agency acceptable to authorities 
having jurisdiction, and marked for intended use. 

2. Where indicated to comply with accessibility requirements, comply with Americans with Disabilities 
Act (ADA), "Accessibility Guidelines for Buildings and Facilities (ADAAG)," ANSI A117.1 as follows: 

a. Handles, Pulls, Latches, Locks, and other Operating Devices: Shape that is easy to grasp 
with one hand and does not require tight grasping, tight pinching, or twisting of the wrist. 

b. Door Closers: Comply with the following maximum opening-force requirements indicated: 
1) Interior Hinged Doors: 5 lbf applied perpendicular to door. 
2) Fire Doors: Minimum opening force allowable by authorities having jurisdiction. 

 
3. Comply with NFPA 101 "Life Safety Code" for doors in a means of egress. 

1) Latches, Locks, and Exit Devices: Not more than 15 lbf to release the latch. Locks 
shall not require the use of a key, tool, or special knowledge for operation. 

 
4. Comply with NFPA 80 "Fire Doors and Windows" for fire labeled opening assemblies. 
5. The installed access control system shall conform to all local jurisdiction requirements. 

 
G. Keying Conference: Reference Division 08 Section "Door Hardware". 

 
H. Pre-Submittal Conference: Conduct coordination conference in compliance with requirements in Division 01 
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Section "Project Meetings" with attendance by representatives of Supplier(s), Installer(s), Systems 
Integrator(s), and Contractor(s) to review proper methods and procedures for receiving, handling, and 
installing door and access control hardware to manufacturer's recommendations and according to 
specifications. 
1. Prior to installation of door hardware, arrange for manufacturers' representatives to hold a project 

specific training meeting on the proper installation and adjustment of their respective products. 
Product training to be attended by the installers of access control hardware for the aluminum, 
hollow metal and wood door sections. Training will include the use of installation manuals, hardware 
schedules, templates and physical product samples as required. 

2. Inspect and discuss electrical roughing-in, power supply connections, and other preparatory work 
performed by other trades. 

3. Review sequence of operation narratives for each unique access controlled opening. 
4. Review and finalize construction schedule and verify availability of materials. 
5. Review the required inspecting, testing, commissioning, and demonstration procedures. 

 
1.5 DELIVERY, STORAGE, AND HANDLING 

 
A. Inventory door hardware on receipt and provide secure lock-up and shelving for door hardware delivered to 

Project site. Do not store electronic access control hardware, software or accessories at Project site 
without prior authorization. 

1. Access control firmware and software: Where approved and directed, inventory upon receipt and store 
electronic access control equipment in a secure, temperature and humidity controlled environment in 
original manufacturer's sealed containers. 

 
B. Tag each item or package separately with identification related to the final Access Control Door Schedule, 

and include basic installation instructions with each item or package. 
 

C. Deliver permanent keys, cores, access control credentials, software and related accessories directly to Owner 
via registered mail or overnight package service. Instructions for delivery to the Owner established at the 
“Pre-Submittal Conference". 

 
1.6 COORDINATION 

 
A. Coordinate quantity and arrangement of assemblies with ceiling space configuration and with components 

occupying ceiling space, including structural members, pipes, air-distribution components, raceways, 
cable trays, recessed lighting fixtures, and other items. 

 
B. Integrated Access Control Door Hardware and Electrical Coordination: Coordinate the layout and installation 

of scheduled integrated access control door hardware, and related access control equipment, with 
required connections to source power junction boxes, power supplies, detection and monitoring hardware 
and fire alarm system. 

1.  Door Hardware Interface: The access control system to interface and be connected to electrified and 
integrated access control door hardware as described under Division 08 Sections "Door Hardware" or 
"Access Control Door Hardware". Coordinate the installation and configuration of electrified door hardware 
being monitored or controlled with the controls, software and access control hardware specified in this 
Section. 

 
C. Templates: Obtain and distribute to the parties involved templates for doors, frames, and other work specified 

to be factory prepared for installing electrified door hardware and access control system components. 
Check Shop Drawings of other work to confirm that adequate provisions are made for locating and 
installing access control system hardware to comply with indicated requirements. 

 
D. Door and Frame Preparation: Related Division 08 Sections (Steel, Aluminum and Wood) doors and 

corresponding frames are to be prepared, reinforced and pre-wired (if applicable) to receive the installation 
of the specified electrified, monitoring, signaling and access control system hardware without additional in-
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field modifications. 
 

1.7 WARRANTY 
 

A. General Warranty: Reference Division 01, General Requirements. Special warranties specified in this Article 
will not deprive Owner of other rights Owner may have under other provisions of the Contract Documents 
and are in addition to, and run concurrent with, other warranties made by Contractor under requirements 
of the Contract Documents. 

 
B. Warranty Period: Written warranty, executed by manufacturer(s), agreeing to repair or replace components of 

the installed access control system hardware and software that fails in materials or workmanship, 
including all related parts and labor, within specified warranty period after final testing and acceptance by 
the Owner. Failures include, but are not limited to, the following: 
1. Structural failures including excessive deflection, cracking, or breakage. 
2. Faulty operation of the hardware. 
3. Deterioration of metals, metal finishes, and other materials beyond normal weathering. 
4. Electrical component defects and failures within the systems operation. 

 
C. Standard Warranty Period: One year from date of Substantial Completion, unless otherwise indicated. 

 
D. Special Warranty Periods: 

1. Two years for Integrated Access Control Door Hardware. 
 

1.8 MAINTENANCE SERVICE 
 

A. Maintenance Tools and Instructions: Furnish a complete set of specialized tools and maintenance instructions 
as needed for Owner's continued adjustment, maintenance, and removal and replacement of standard 
and access control door hardware. 

B. Maintenance Service: Beginning at Substantial Completion, and running concurrent with the specified 
warranty period, provide continuous (6) months full maintenance including repair and replacement of worn 
or defective components, lubrication, cleaning, and adjusting as required for proper door opening 
operation. Provide parts and supplies as used in the manufacture and installation of original products. 

 
C. Maintenance Support and Extended Service Agreement: Submit for Owner’s consideration an optional 

extended Service Agreement for the installed access control system, including support for software related 
issues. The extended Service Agreement is considered elective and is without manufacturer's requirement 
stipulating mandatory coverage for owner and/or vendor system support. 

1. A published copy of this agreement to be included with the submittal package 
2. Support for the installed access control system components is provided through the vendor under a 

24 hour technical assistance program. 
3. Access control and management system components are to be available on a one-day turn-around 

time frame from the manufacturer. 
4. Primary systems manufacturer to offer and provide remote modem or internet access for direct 

factory support to the vendor. The factory level support to include diagnostics and troubleshooting 
support on systems related issues at no additional cost to the owner. 

 
D. Access Control Software Upgrades: Version upgrades and "fix" releases to the access control system 

software are available at no extra charge as long as the version of software provided in this specification 
remains the current manufacturer’s version or for up to (2) years after a new version release. 

1. Major access control software revisions that provide new functionality to the product provided free of 
charge for up to one (1) year from the date of substantial completion. 

2. Access control system software is to be upgradeable as may be required or as necessary, to expand 
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and manage the owner’s site or sites. Upgrades are to be offered at a published flat fee for the 
primary system software, with single license modules included in the primary fee structure. System 
upgrades offered at a costing structure based upon the original number of licensed modules issued, 
or on those to be purchased at a future date, are not allowed. 

3. As part of the submittal package, provide a list of available software upgrades and/or expansions 
modules. List to identify related costs for upgrades, or expansions to the original system, up to the 
next qualifying operational level. 

 
1.9 SCOPE OF WORK 

 
A. Provide Software Infrastructure to Interface the Alertus Emergency Mass Notification System to the existing 

Campus RS2 Access/Control System and the Campus Wide Andover /Schneider Building Management 
System. 

B. Provide graphical displays of the Campus Map along with lockdown status of each building (OPC Campus 
buildings) on a Vantage Point Dashboard located in OPC Main Security Office. 

C. All buildings and Campuses shall be displayed as part of this project even if Lockdown ability is not available 
in a building at this time. (Infrastructure will be in place for future activation.) 

D. Provide means of serving up the same information via standard HTML screens to a Tablet for each security 
office. The ability to view the dashboard information from a Standard Web Browser from a local computer 
shall be provided for personnel with the proper credentials to view the information. 

E. Sequence of Operations: 
 

a. Lockdown (Per Campus) can be initiated by any of the following: 
i. Alertus Mass Notification System 
ii. RS2 Access Control System 
iii. Initiated by Security Via Dashboard of Tablet. 
iv. Initiated by Security Via Local Switch located in each security office. 
v. Andover BMS will serve up customer selected critical points to the Vantage Point Dashboards 

located in the security offices. 

F. A visual representation of each Campus Map including individual buildings will be displayed at each Campus. 
The buildings will change color based on lockdown/secure status. 

G. Owner Supplied Scope of work: 

a. Providing Server (Hardware or Virtual) for the Vantage Point Software. 

b. Providing and installing either touchscreens or computers with monitors in Campus Security office. 

c. Providing tablets for portable use of interface. 

d. Provide assistance in coordination with the Alertus System provider. 

H.      Contractor Supplied Scope of work: 

a. Provide and install Vantage Point Display Technology Software. Software and setup to be coordinated 
with Campus IT personnel and set up on owner supplied server. 

b. Provide interface between the Alertus and RS2 Systems. On completion of this project on the Orange 
Park Campus the lockdown ability shall be active for Buildings A and D for the exterior doors that 
reside on the RS2 System. 

c. Provide ability to serve up Campus Critical points from Andover Building Management System to 
Security Office Dashboards. Coordinate with owner. 

d. Provide separate presentations for dashboard interface with all graphical displays of Campus maps 
and buildings for each Campus. 

e. Provide programming modifications to meet sequence of operations. 
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PART 2 - PRODUCTS 
 

2.1 SYSTEM ARCHITECTURE - ACCESS CONTROL SITE MANAGEMENT SYSTEM (ACSMS) 
 

A. General: The ACSMS is a modular and networked based system providing physical access control security to 
a Wide Area district, campus or educational enterprise. The system to be capable of controlling and 
integrating multiple security functions including the configuration, management and monitoring of 
cardholder access, locking hardware units, events, alarms, visitors, and real-time tracking and reporting. 
The ACSMS is to be alterable at any time depending on the facility requirements and will allow for easy 
upgradeability or modification of network processors, controller, interface modules, card data, inputs, 
outputs, and remote work stations. The ACSMS to include, but is not be limited to, the following features 
and functions: 

1. An "Enterprise" class access control software application. 
2. Client/Server model operating central server host software modules and client workstation software 

applications in a multi-user and a multi-tasking environment. 
• The ACSMS to permit multiple instances of client software applications to run 

simultaneously on the network. The base system to include [2] software application 
licenses with an unlimited number of licenses available subject to connection fees. 

 
3. Partitioning: The system to support security partitioning enabling system administrator to segment 

the configuration database and group multiple entities within the security partition. 
• Security partitions limit what users can view in the configuration database. 

Administrators, who have all rights and privileges, can segment a database into 
multiple security partitions. A user who is given access to a specific partition will only 
be able to view entities (components) within the partition they have been assigned. 

 
4. Encryption: The system to support encrypted communication between the central server software 

and client software applications (sever-to-server and client-to-server) using a 128-bit AES 
encryption algorithm (at a minimum). 

• Communication between the central server host software module and system 
controllers to be encrypted if supported by the controllers. 

• The ACSMS client software applications to be password protected with passwords 
stored in the central server database in an encrypted manner. 

 
5. Distributed Processing: The system is a fully distributed processing application allowing information, 

including time, date, zones, valid codes, tasks, access levels, and similar data, to be downloaded 
from the central host station to controller interface devices allowing access-control decisions with or 
without central host station communication. If communications to a central host station are lost, the 
controllers will automatically buffer event transactions until communications are restored and events 
are automatically uploaded to the central host station. 

• Provide for a higher level of distributed database management at defined perimeter 
access points such that no single point of failure will allow more than two access 
points to fail, or affect more than two access points at perimeter points system wide. 

 
6. Single Data Base: The system to support a single database for access control site setup, credential 

and identity file creation, alarm and control setup, and system user operation and command 
functions. 

7. System Access Management: The system to allow operators through password authentication the 
ability to make access granted or denied decisions, define access levels, time zones, holidays, 
assign cardholders, access groups, develop tasks, and generally manage access control, alarm 
monitoring and response activities system wide from a single login. Operator and user privileges are 
managed by a system administrator allowing for different levels of system access and system 
control. Authorization management is fully Owner definable. 

8. Cardholder Management: The system to include a cardholder management system integrated 
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within the access control system. This cardholder management functionality allows the enrollment 
of cardholders into the database, and import/export of employee data. 

9. Access Groups and Access Levels: The system to provide adequate access groups and access 
level assignment capability to meet Owner requirements for the specified project. If required, 
software application can be expandable to support unlimited access groups and access levels. 

10. Alarm Monitoring: The system is able to monitor, report, and provide information about the time and 
location of alarms, along with their priority. 

11. Event Monitoring: The system is able to monitor, report, and archive network access control activity. 
12. Transaction Logs: The system to support an unlimited number of logs and historical transactions 

(events and alarms) with the maximum allowed being limited by the amount of hard disk space 
available. 

13. System Monitoring: The system to have ability to report on the integrity of all network assigned 
devices, circuits and communications and provide a diagnostics screen showing field level 
communications system wide 

14. Lock/Unlock Commands: The system to allow an operator to manually lock and unlock doors 
overriding scheduled access control restrictions and configurations if necessary. 

15. Hardware Interface: The system to integrate with and control specified electrified hardware, 
signaling and monitoring devices. 

16. Report Generator: The system to have the ability to generate and output reports with any and all 
combinations of system fields and data including, but not limited to: by cardholder, by door, by site, 
by time, by groups of doors and by cardholder field. Any and all combinations of fields must be 
available for reporting. The report feature to allow exporting of generated reports over a network 
connection or by remote printing. 

17. Multi-User/Web Based Network Capabilities: The system to support multiple operator workstations 
via local area network/wide area network (LAN/WAN), the Internet, or VPN. The system to be 
capable of supporting minimum of 4 concurrent users/clients with software expansions to an 
unlimited number of workstations based on the Owners network requirements. 

18. Systems Integration: The system to have the ability to be fully and seamlessly integrated with 
existing or specified intrusion detection alarm and video surveillance (CCTV) systems. 

 
B.      RS2: The access control system infrastructure will be based on RS2 existing system design capable of 

supporting multiple access control hardware manufacturers and integrate with multiple non-proprietary 
network processors, controllers, interface modules, integrated locking hardware, remote card readers, 
keypads and display terminals, and other third party applications. 

 
C. Network Support: Communication network connecting the central server host software modules, client 

workstation software applications, and hardware controllers to be designed to support all of the following: 
1. LAN/Ethernet enterprise ring topology and localized star topology based on TCP/IP. 
2. Direct-connected RS-232 and RS-485 communication cabling. 
3. Dial-up modem connection using a standard dial-up telephone line. 

 
2.2 MANUFACTURERS 

 
A. General: Provide integrated access control door hardware and access control system equipment and 

accessories for each designated opening to comply with requirements in this Section and with the Access 
Control Hardware Sets listed at the end of Part 3. 

1. Access Control Hardware Sets: Requirements for quantity, item, model, design, grade, finish, size, and 
other distinctive qualities of each type of integrated door and access control hardware are indicated in the 
Access Control Hardware Sets at the end of Part 3. 

2. Named Manufacturer's Products: Product designation and manufacturer are listed for each door hardware 
type required for the purpose of establishing minimum requirements. Manufacturers' names are 
abbreviated in the Door Hardware Schedule. 

 
B. System Design: The equipment and materials supplied are to be standardized components regularly 
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manufactured and utilized within the source manufacturer’s access control systems. 

1. System components to be non-proprietary in design and implementations, providing for an open protocol 
platform with multiple manufacturers having functional software capable of integrating with the hardware 
specified. The installed integrated product is to be part of a single, cohesive management and access 
control system. 

 
C. Substitutions: Requests for substitution and product approval for inclusive integrated access control door and 

access control systems hardware in compliance with the specifications must be submitted in writing and in 
accordance with the procedures and time frames outlined in Division 01, Substitution Procedures. Approval of 
requests is at the discretion of the architect, owner, and their designated consultants. 

1. The access control system described in this specification represents a complete engineered system. If 
alternate products are submitted, it is the responsibility of the Supplier/Dealer/Integrator to provide an 
acceptable complete and working system layout, including re-engineering of elevation and wiring 
diagrams, as applicable. Complete systems to include at a minimum required power supplies, power 
transfers, and integrated access control locking hardware and accessories. 

D. Approved Access Control and Site Management System Manufacturers: 

1. RS2 (Integrated Access Control Locking Devices and Accessories). 
2. Securitron Corporation (Power Supplies). 

 
2.3 ACCESS CONTROL AND SITE MANAGEMENT SYSTEM HARDWARE 

 
A. General: Provide all necessary access control field hardware devices required to receive alarms and 

administer all access granted/denied decisions. Field hardware devices must be designed and installed 
in accordance with applicable electrical codes. 

 
B. Central Computer Host Server (Owner Provided): The central host server is interconnected to all system 

components, including client workstations and field installed controllers, providing operator interface, 
interaction, display, control, and real-time monitoring. 

 
2.4 INTEGRATED IP-ENABLED ACCESS CONTROL DEVICES 

 
A. IP Enabled Power-over-Ethernet (PoE) Integrated Card Reader Mortise Lock: IP enabled, PoE ANSI/BHMA 

A156.13 Grade 1 mortise lockset with integrated proximity card reader, request-to-exit, latchbolt and 
deadbolt monitoring, and door position signaling in one complete unit. Motor driven locking/unlocking 
control of the lever handle trim, 3/4" deadlocking anti-friction latch, and 1" case-hardened steel deadbolt 
(optional). Lock is U.L listed and labeled for use on up to 3 hour fire rated openings. Available with or 
without keyed high security cylinder override. 

 
1. Completely intelligent and integrated locking unit with Ethernet power and communication connection 

capability directly from the locking unit back to the central system host server without additional 
access control interfaces or components (excluding PoE switches and Mid-Span devices) via an 
existing or newly installed TCP/IP network. 

2. Open architecture design supports wired integration with third party access control systems 
applications via software development kit (SDK). Real-time software accessible alarms for forced 
door, unknown card and door held open, with inside lever handle (request-to-exit), auxiliary latchbolt, 
deadbolt, and door position (open/closed status) monitoring. 

3. 2,400 users and 10,000 event transaction history (audit trail). Distributed intelligence allows stand 
alone operation in absence of network communication allowing for system operational redundancy. 

4. Energy Efficient Design: Provide lock bodies which have a holding current draw of 15mA maximum, 
and can operate on either 12 or 24 volts. Locks are to be field configurable for fail safe or fail secure 
operation. 
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5. Supports HID 125 kHz proximity formats up to 39 bits, including Corporate 1000. Dual credentialing 
available with keypad option. 

6. Power and communication from one Ethernet (CAT5e or higher) cable. Compliant with 802.3af 
specifications requiring 12.95 watts for Power over Ethernet. 

7. Supports real-time system lockdown capabilities. Inside lever retracts latch bolt and deadbolt 
simultaneously. 

8. High security mechanical key provides emergency override retraction of latchbolt without need for 
electronic activation. 

9. Ethernet system framework, network cabling and mounting boxes, and PoE switches (by others) are 
required for complete system functionality. 

• Network Drop Cable Specifications: Cat5e or higher (Belden 153P D15A1000) or 
equivalent). TIA/EIB-568-B shielded with drain wire. 24 AWG Plenum rated. 

• Network Surface Mount Box: Cat5e or higher (RJ45); TIA/EIB-568-B 
 

10. Acceptable Manufacturers: 
• Corbin Russwin Hardware (RU) - Access 800 - ML20800 IP1 Series. 
• Sargent Manufacturing (SA) - Profile - S1 8200 Series. 

 
B. IP Enabled Power-over-Ethernet (PoE) Integrated Card Reader Exit Hardware: IP enabled, PoE ANSI/BHMA 

A156.3 Grade 1 rim and mortise exit device hardware with integrated proximity card reader, touchbar 
monitoring, and request-to-exit signaling in one complete unit. Motor driven locking/unlocking control of the 
lever handle exit trim with 3/4" throw latch bolt. U.L listed and labeled for either panic or fire exit hardware 
for use on up to 3 hour fire rated openings. Available with or without keyed high security cylinder override 
trim. 

1. Completely intelligent and integrated locking unit with Ethernet power and communication connection 
capability directly from the locking unit back to the central system host server without 
additional access control interfaces or components (excluding PoE switches and Mid-Span devices) 
via an existing or newly installed TCP/IP network. 

2. Open architecture design supports wired integration with third party access control systems 
applications via software development kit (SDK). Real-time software accessible alarms for forced 
door, unknown card and door held open, with inside push bar (request-to-exit) signaling and door 
position (open/closed status) monitoring (via separately connected in-door DPS). 

3. 2,400 users and 10,000 event transaction history (audit trail). Distributed intelligence allows stand 
alone operation in absence of network communication allowing for system operational redundancy. 

4. Supports HID 125 kHz proximity formats up to 39 bits, including Corporate 1000. Dual credentialing 
available with keypad option. 

5. Power and communication from one Ethernet (CAT5e or higher) cable. Compliant with 802.3af 
specifications requiring 12.95 watts for Power over Ethernet. 

6. Supports real-time system lockdown capabilities. 
7. Outside trim with high security mechanical key provides emergency override retraction of latchbolt 

without need for electronic activation. 
8. Ethernet system framework, network cabling and mounting boxes, and PoE switches (by others) are 

required for complete system functionality. 
• Network Drop Cable Specifications: Cat5e or higher (Belden 153P D15A1000) or 

equivalent). TIA/EIB-568-B shielded with drain wire. 24 AWG Plenum rated. 
• Network Surface Mount Box: Cat5e or higher (RJ45); TIA/EIB-568-B 

 
9. Acceptable Manufacturers: 

• Corbin Russwin Hardware (RU) - Access 800 - ED5000 IP1 Series. 
• Sargent Manufacturing (SA) - Profile - S1 80 Series. 

 
C. IP Enabled Wireless Integrated Card Reader Mortise Locks: IP enabled WiFi™ technology ANSI/BHMA 

A156.13 Grade 1 mortise lockset with integrated card reader, deadbolt monitoring, and request-to-exit and 
door position switch signaling in one complete unit. Motor driven locking/unlocking control of the lever 
handle trim, 3/4" deadlocking stainless steel latch, and 1" hardened steel deadbolt (optional). Lock is U.L 
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listed and labeled for use on up to 3 hour fire rated openings. Available with or without keyed high security 
cylinder override. 

1. Wireless access control mortise locks interface using field replaceable IEEE 802.11b/g/n 2.4 GHz 
wireless radio connection to an Ethernet Local Area Network (LAN), facilitating central control via a 
Software Development Kit (SDK). Locks will continue to operate independently of an Ethernet 
(LAN) connection slowdown or failure. 

2. Fully-encrypted AES 128 wireless communication between IP enabled lock and access control 
system via the Software Development Kit (SDK). 

3. Integrated card reader supports HID® 125kHz proximity credentials; or ISO 14443 A/B and ISO 
15693 13.56 MHz contactless credentials: HID® iCLASS (full authentication, all formats), MIFARE 
Classic, DESFire EV1 (full authentication, all formats); or Near Field Communications (NFC), or 
Bluetooth Smart-enabled mobile phones. 

4. Configuration: Locks require a minimum of 2,400 user codes and the ability to audit the last 10,000 
transactions. Programmable for time zone periods, holidays, and automatic unlock (with or without 
first entry). 

5. Power Source: 6 AA alkaline batteries with LED indication of locked, programming mode and low 
capacity warning status conditions. 

6. Energy Efficient Design: Provide lock bodies which have a holding current draw of 15mA 
maximum, and can operate on either 12 or 24 volts. Locks are to be field configurable for fail safe 
or fail secure operation. 

7. Complete installation to include Software Development Kit (SDK), and network and lock 
configuration CD tool kit for initial lock set-up. Electronic on-line access control system platform, 
including communication cabling and software, by others. 

8. Acceptable Manufacturers: 
• Corbin Russwin (RU) – ML20100 IN120 Series. 
• Sargent Manufacturing (SA) – IN120-7900 Series. 
• Sargent Manufacturing (SA) – IN120-8200 Series. 

 
D. IP Enabled Wireless Exit Hardware: IP-enabled, WiFi™ ANSI/BHMA A156.3 Grade 1 rim and mortise exit 

device hardware with integrated card reader, touchbar monitoring, and request-to-exit signaling in one 
complete unit. Motor driven locking/unlocking control of the lever handle exit trim with 3/4" throw latch bolt. 
U.L listed and labeled for either panic or "fire exit hardware" for use on up to 3 hour fire rated openings. 
1. Wireless access control mortise locks interface using field replaceable IEEE 802.11b/g/n 2.4 GHz 

wireless radio connection to an Ethernet Local Area Network (LAN), facilitating central control 
via a Software Development Kit (SDK). Locks will continue to operate independently of an Ethernet 
(LAN) connection slowdown or failure. 

2. Fully-encrypted AES 128 wireless communication between IP enabled lock and access control 
system via the Software Development Kit (SDK). . 

3. Integrated card reader supports HID® 125kHz proximity credentials; or ISO 14443 A/B and ISO 
15693 13.56 MHz contactless credentials: HID® iCLASS (full authentication, all formats), MIFARE 
Classic, DESFire EV1 (full authentication, all formats); or Near Field Communications (NFC). 

4. Configuration: Locks require a minimum of 2,400 user codes and the ability to audit the last 10,000 
transactions. Programmable for time zone periods, holidays, and automatic unlock (with or without 
first entry). 

5. Power Source: 6 AA alkaline batteries with LED indication of locked, programming mode and low 
capacity warning status conditions. 

6. Complete installation to include Software Development Kit (SDK), and network and lock 
configuration CD tool kit for initial lock set-up. Electronic on-line access control system platform, 
including communication cabling and software, by others. 

7. Acceptable Manufacturers: 
• Corbin Russwin (RU) – ED5000 IN120 Series. 
• Sargent Manufacturing (SA) – IN120-80 Series. 

 
2.5 SYSTEM APPLICATION SOFTWARE 
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A. Specify OEM Manufacturer System Software. 

 
B. Lock Management Tool (LMT): LMT allows programming, interrogation and basic locking unit management 

for IP-Enabled products from a centralized location for up to (25) openings. The application facilitates 
communication from a host computer to the IP enabled integrated card key locking hardware and remote 
card readers via a RS-232/RS-485 infrastructure. LMT consists of a server based installation with daily 
administration and configuration done through a common web browser. A local client workstation on the 
server can be used for more complex configuration tasks. 

1. LMT is a basic access control program allowing an administrator to establish multiple user types, 
time zones, holidays, user groups, and auto-unlock periods, plus obtain transaction history from 
integrated card key locking hardware and remote readers connected to the system. The following 
minimum features are included: 

a. Password protected database with User database size based on local hardware configuration. 
b. User groups configuration capability. 
c. (16) different time zones and holiday support with auto-unlock schedule including "first in" 

unlock option. 
d. Viewing of system wide events and history including event type, date, time, user ID and name. 
e. Configurable for major HID Prox 125kHz card formats. 
f. Scheduler utility for lock communication at pre-defined intervals. 
g. Browser-based user interface with drag-and-drop configurations. 
h. Basic alarm monitoring. 

 
2. Acceptable Manufacturers: 

a. Corbin Russwin Hardware (RU) - WFCD2. 
b. Sargent Manufacturing (SA) - WFCD2. 

 
2.6 CABLES AND WIRING 

 
A. Comply with Division 27 Section "Conductors and Cables for Electronic Safety and Security." 

 
B. Data Line Supervision: System to include alarm initiation capability in response to opening, closing, shorting, 

or grounding of data transmission lines. 
 

2.7 Install appropriate number of conductor pairs, in the wire gage (AWG) recommended by manufacturer, 
corresponding to the electronic locking functions specified, amperage drawn and distances covered between the 
power supplies, power transfer devices, electrified hardware and access control equipment. 

2.8 FABRICATION 
 

A. Fasteners: Provide door hardware manufactured to comply with published templates generally prepared for 
machine, wood, and sheet metal screws. Provide screws according to manufacturers recognized 
installation standards for application intended. 

 
2.9 ACCESS CONTROL HARDWARE FINISHES 

 
A. Standard: Designations used in the Hardware Sets and elsewhere indicate hardware finishes complying with 

ANSI/BHMA A156.18, including coordination with traditional U.S. finishes indicated by certain 
manufacturers for their products. 

 
B. Protect mechanical finishes on exposed surfaces from damage by applying temporary protective coverings 

before shipping. 
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C. Where specified, finishes on integrated card key locksets or exit hardware to incorporate an FDA recognized 

antimicrobial coating (i.e., MicroShield™) listed for use on equipment as a suppressant to the growth and 
spread of a broad range of bacteria, algae, fungus, mold and mildew. 

 
 
 
PART 3 - EXECUTION 

 
3.1 EXAMINATION 

 
A. Examine scheduled openings, with Installer present, for compliance with requirements for installation 

tolerances, labeled fire door assembly construction, wall and floor construction, and other conditions 
affecting performance of the installed access control system. 

 
B. Examine roughing-in for electrical source power to verify actual locations of wiring connections before 

electrified and integrated access control door hardware installation. 
 

C. Examine roughing-in for LAN and control cable conduit systems to PCs, controllers, card readers, and other 
cable-connected devices to verify actual locations of conduit and back boxes before device installation. 

 
D. Notify architect of any discrepancies or conflicts between the specifications, drawings and scheduled access 

controlled hardware. Proceed only after such discrepancies or conflicts have been resolved in writing. 
 

3.2 PREPARATION 
 

A. Doors and frames at scheduled access controlled openings to be properly prepared to receive specified 
electrified and access control hardware and connections without additional in-field modifications. 

 
3.3 INSTALLATION 

 
A. Install each item of integrated access control door hardware and access control equipment to comply with 

manufacturer's written instructions and according to specifications. 
 

B. Mounting Heights: Mount integrated access control door hardware units at heights indicated in following 
applicable publications, unless specifically indicated or required to comply with governing regulations: 

1. Standard Steel Doors and Frames: DHI's "Recommended Locations for Architectural Hardware for 
Standard Steel Doors and Frames." 

2. Wood Doors: DHI WDHS.3, "Recommended Locations for Architectural Hardware for Wood Flush 
Doors." 

3. Where indicated to comply with accessibility requirements, comply with ANSI A117.1 "Accessibility 
Guidelines for Buildings and Facilities." 

 
C. Boxed Power Supplies: Verify locations. 
 1. Configuration: Provide the least number of power supplies required to adequately serve doors with 

access control hardware and equipment. Integrated Wiegand access control products, campus locks, 
and IP enabled products are required to be installed through current members of the ASSA ABLOY 
"Certified Integrator" (CI) program. 

 
D. Final connect the system control switches (integrated access control door hardware, remote readers, 

keypads, display terminals, biometrics), and monitoring, and signaling equipment to the related Controller 
devices at each opening to properly operate the electrified door and access control hardware according to 
system operational narratives. 
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E. Retrofitting: Install each door hardware and access control item to comply with manufacturer's published 
templates and written instructions. Where cutting and fitting are required to install door hardware onto or 
into surfaces that are later to be painted or finished in another way, coordinate removal, storage, and 
reinstallation of surface protective trim units with finishing work specified in Division 9 Sections. Do not 
install surface-mounted items until finishes have been completed on substrates involved. 

 
F. Networked System Application Software: Install, and test application(s) software and databases for the 

complete and proper operation of systems involved. Assign software license(s) to Owner. 
 

3.4 FIELD QUALITY CONTROL 
 

A. Field Inspection: Perform a final inspection of the installed integrated access control door hardware and 
access control system and state in report whether installed work complies with or deviates from 
requirements, including whether each component representing the opening assembly is properly installed, 
adjusted, operating and performing to system operational narratives. 

 
B. Commissioning and Testing Schedule: Prior to final acceptance of the access control system installation, the 

following testing and documentation to be performed and provided to the Owner. 

1. Inspection: Verify that units and controls are properly installed, connected, and labeled and that 
interconnecting wires and terminals are identified. 

2. Pre-testing: Program and adjust the system and pretest all components, wiring, and  functions to 
verify they conform to specified requirements. Provide testing reports indicating devices tested, 
pass/fail status, and actions taken to resolve problem(s) on failed tests. 

3. Acceptance Test Schedule: Correct deficiencies identified by tests and observations and retest until 
specified requirements are met. 

4. Provide “as designed” drawings showing each device and wiring connection and electronic 
enclosure legends indicating cabling in and out. 

5. Provide a complete set of operating instructions for access control hardware devices and a complete 
software user manual. The documentation includes module reference guides for each electronic 
enclosure. 

 
3.5 ADJUSTING 

 
A. Adjust and check each operating item of integrated access control door hardware, and each door opening to 

ensure proper secured operation and function of every unit. Replace units that cannot be adjusted to 
operate as intended. 

 
3.6 CLEANING AND PROTECTION 

 
A. Protect all hardware stored on construction site in a covered and dry place. Protect exposed hardware 

installed on doors during the construction phase. Install any and all integrated access control door 
hardware at the latest possible time frame. 

 
B. Clean adjacent surfaces soiled by access control system installation. 

 
C. Clean operating items as necessary to restore proper finish and provide final protection and maintain 

conditions that ensure access control door hardware is without damage or deterioration at time of owner 
occupancy. 

 
3.7 DEMONSTRATION 

 
A. Instruct Owner's maintenance personnel to adjust, operate, and maintain electronic integrated door hardware 

and the access control system. 
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3.8 ACCESS CONTROL HARDWARE SETS 
 

A. The hardware sets listed represent the design intent and direction of the owner and architect. They are a 
guideline only and should not be considered a detailed hardware schedule. Discrepancies, conflicting 
hardware and missing items should be brought to the attention of the architect with corrections made prior 
to the bidding process. Omitted items not included in a hardware set should be scheduled with the 
appropriate additional hardware required for proper application and functionality. 

 
B. Refer to Section 08 71 00 "Door Hardware" for hardware sets. 

 
 
END OF SECTION 28 13 00 
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SECTION 28 31 11 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 
 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 

01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. Section Includes: 

1. Fire-alarm control unit(s). 
2. Manual fire-alarm boxes. 
3. System smoke detectors. 
4. Heat detectors. 
5. Notification appliances. 
6. Magnetic door holders. 
7. Remote annunciators. 
8. Addressable interface device. 
9. Digital alarm communicator transmitter. 
10. System printer. 
11. Voice Alarm Sub-system(s). 

 
1.3 DEFINITIONS 

 
A. LED: Light-emitting diode. 

 
B. NICET: National Institute for Certification in Engineering Technologies. 

 
1.4 SYSTEM DESCRIPTION 

 
A. Noncoded, UL-certified addressable system, with multiplexed signal transmission, dedicated to fire-alarm 

service only. 
 
1.5 SUBMITTALS 

 
A. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to Architect. 
2. Shop Drawings shall be prepared by persons with the following qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 
b. NICET-certified fire-alarm technician, Level III minimum. 
c. Licensed or certified by authorities having jurisdiction. 

 
B. Product Data: For each type of product indicated. 

 
C. Shop Drawings: For fire-alarm system.  Include plans, elevations, sections, details, and attachments to  other 

work. 

1. Comply with recommendations in the "Documentation" Section of the "Fundamentals of Fire Alarm 
Systems" Chapter in NFPA 72. 

2. Include voltage drop calculations for notification appliance circuits. 
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3. Include battery-size calculations. 
4. Include performance parameters and installation details for each detector, verifying that each detector is 

listed for complete range of air velocity, temperature, and humidity possible when air-handling system is 
operating. 

5. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, drawn to scale 
and coordinating installation of duct smoke detectors and access to them. Show critical dimensions that 
relate to placement and support of sampling tubes, detector housing, and remote status and alarm 
indicators. Locate detectors according to manufacturer's written recommendations. 

6. Include voice/alarm signaling-service equipment rack or console layout, grounding schematic, amplifier 
power calculation, and single-line connection diagram. 

7. Include floor plans to indicate final outlet locations showing address of each addressable device. Show 
size and route of cable and conduits. 

 
D. Delegated-Design Submittal: 

1. For fire-alarm system include plans, elevations, sections, details and attachments to other work. Comply 
with the requirements of paragraph “Shop Drawings.” 

2. For smoke and heat detectors indicated to comply with performance requirements and design criteria, 
including analysis data signed and sealed by the qualified professional engineer responsible for their 
preparation. 

a. Drawings showing the location of each smoke and heat detector, ratings of each, and installation 
details as needed to comply with listing conditions of the detector. 

b. Design  Calculations: Calculate requirements for selecting the spacing and sensitivity of 
detection, complying with NFPA 72. 

 
E. Qualification Data: For qualified Installer. 

 
F. Field quality-control reports. 

 
G. Operation and Maintenance Data: For fire-alarm systems and components to include in emergency, operation, 

and maintenance manuals. In addition to items specified in Division 01 Section "Operation and Maintenance 
Data," include the following: 

1. Comply with the "Records" Section of the "Inspection, Testing and Maintenance" Chapter in NFPA 72. 
2. Provide "Record of Completion Documents" according to NFPA 72 article "Permanent Records" in the 

"Records" Section of the "Inspection, Testing and Maintenance" Chapter. 
3. Record copy of site-specific software. 
4. Provide "Maintenance, Inspection and Testing Records" according to NFPA 72 article of the same name 

and include the following: 

a. Frequency of testing of installed components. 
b. Frequency of inspection of installed components. 
c. Requirements and recommendations related to results of maintenance. 
d. Manufacturer's user training manuals. 

 
5. Manufacturer's required maintenance related to system warranty requirements. 
6. Abbreviated operating instructions for mounting at fire-alarm control unit. 
7. Copy of NFPA 25. 

 
H. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup: On magnetic media or compact disk, complete with data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 
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1.6 QUALITY ASSURANCE 

 
A. Installer Qualifications: Personnel shall be trained and certified by manufacturer for installation of units required 

for this Project. 
 

B. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm Level II technician. 
 

C. Source Limitations for Fire-Alarm System and Components: Obtain fire-alarm system from single source from 
single manufacturer. Components shall be compatible with, and operate as, an extension of existing system. 

 
D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
 

E. NFPA Certification: Obtain certification according to NFPA 72 by an NRTL. 
 
1.7 SOFTWARE SERVICE AGREEMENT 

 
A. Comply with UL 864. 
B. Technical Support: Beginning with Substantial Completion, provide software support for three years. 

 
C. Upgrade Service: Update software to latest version at Project completion. Install and program software 

upgrades that become available within three years from date of Substantial Completion. Upgrading software 
shall include operating system. Upgrade shall include new or revised licenses for use of software. 

1. Provide 30 days' notice to Owner to allow scheduling and access to system and to allow Owner to 
upgrade computer equipment if necessary. 

 
1.8 EXTRA MATERIALS 

 
A. Furnish extra materials that match products installed and that are packaged with protective covering for storage 

and identified with labels describing contents. 

1. Lamps for Strobe Units: Quantity equal to 10 percent of amount installed, but no fewer than 1 unit. 
2. Smoke Detectors, Fire Detectors: Quantity equal to 10 percent of amount of each type installed, but no 

fewer than 1 unit of each type. 
3. Detector Bases: Quantity equal to 2 percent of amount of each type installed, but no fewer than 1  unit of 

each type. 
4. Keys and Tools: One extra set for access to locked and tamperproofed components. 
5. Audible and Visual Notification Appliances: One of each type installed. 
6. Fuses: Two of each type installed in the system in a fuse cabinet adjacent to main fire alarm control 

panel. 
 

1.9 WARRANTY 
 

A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and components that 
fail in materials or workmanship within specified warranty period. 
 
1. Warranty Extent: All equipment and components not covered in the Maintenance Service Agreement. 
2. Warranty Period: Five years from date of Substantial Completion. 
 

 
PART 2 - PRODUCTS 

 
2.1 MANUFACTURERS 
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A. Basis-of-Design Product: Subject to compliance with requirements, provide Notifire, a Honeywell Company, 

NFS2640 networked system 
 
2.2 SYSTEMS OPERATIONAL DESCRIPTION 

 
A. Fire-alarm signal initiation shall be by one or more of the following devices and systems: 

1. Manual stations. 
2. Heat detectors. 
3. Smoke detectors. 
4. Duct smoke detectors. 
5. Verified automatic alarm operation of smoke detectors. 
6. Automatic sprinkler system water flow. 
7. Heat detectors in elevator shaft and pit. 
8. Fire-extinguishing system operation. 
9. Fire standpipe system. 

 
B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances. 
2. Identify alarm at fire-alarm control unit and remote annunciators. 
3. Transmit an alarm signal to the remote alarm receiving station. 
4. Unlock electric door locks in designated egress paths. 
5. Release fire and smoke doors held open by magnetic door holders. 
6. Activate voice/alarm communication system. 
7. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode. 
8. Close smoke dampers in air ducts of designated air-conditioning duct systems. 
9. Recall elevators to primary or alternate recall floors. 
10. Activate emergency shutoffs for gas and fuel supplies. 
11. Record events in the system memory. 
12. Record events by the system printer. 

 
C. Supervisory signal initiation shall be by one or more of the following devices and actions: 

1. Valve supervisory switch. 
2. Elevator shunt-trip supervision. 
3. Duct smoke detector operation. 

 
D. System trouble signal initiation shall be by one or more of the following devices and actions: 

1. Open circuits, shorts, and grounds in designated circuits. 
2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating devices. 
3. Loss of primary power at fire-alarm control unit. 
4. Ground or a single break in fire-alarm control unit internal circuits. 
5. Abnormal ac voltage at fire-alarm control unit. 
6. Break in standby battery circuitry. 
7. Failure of battery charging. 
8. Abnormal position of any switch at fire-alarm control unit or annunciator. 
9. Fire-pump power failure, including a dead-phase or phase-reversal condition. 

 
E. System Trouble and Supervisory Signal Actions: Initiate notification appliance and annunciate at fire-alarm 

control unit and remote annunciators. Record the event on system printer. 
 
2.3 FIRE-ALARM CONTROL UNIT 
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A. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited design with electronic modules, 
complying with UL 864 and listed and labeled by an NRTL. 

a. System software and programs shall be held in flash electrically erasable programmable read- only 
memory (EEPROM), retaining the information through failure of primary and secondary power 
supplies. 

b. Include a real-time clock for time annotation of events on the event recorder and printer. 
 

2. Addressable initiation devices that communicate device identity and status. 
a. Smoke sensors shall additionally communicate sensitivity setting and allow for adjustment of 

sensitivity at fire-alarm control unit. 
b. Temperature sensors shall additionally test for and communicate the sensitivity range of the 

device. 
 

3. Addressable control circuits for operation of mechanical equipment. 
 

B. Alphanumeric Display and System Controls: Arranged for interface between human operator at fire-alarm 
control unit and addressable system components including annunciation and supervision. Display alarm, 
supervisory, and component status messages and the programming and control menu. 

1. Annunciator and Display: Liquid-crystal type, 640 minimum characters. . 
2. Keyboard: Arranged to permit entry and execution of programming, display, and control commands and to 

indicate control commands to be entered into the system for control of smoke- detector sensitivity and 
other parameters. 

 
C. Circuits: 

1. Initiating Device, Notification Appliance, and Signaling Line Circuits: NFPA 72, Class B. 

a. Initiating Device Circuits: Style B. 
b. Notification Appliance Circuits: Style Y. 
c. Signaling Line Circuits: Style 4. 
d. Install no more than 50 addressable devices on each signaling line circuit. 

 
2. Serial Interfaces: Four RS-232 ports for printers and CRTs. 
3. EIA 485 ports: Four, minimum, for communication with other system components. 
4. Interface module(s) for Dual fiber-optic links between buildings. 

 
D. Smoke-Alarm Verification: 

1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm control unit. 
2. Activate an NRTL-listed and -approved "alarm-verification" sequence at fire-alarm control unit and 

detector. 
3. Record events by the system printer. 
4. Sound general alarm if the alarm is verified. 
5. Cancel fire-alarm control unit indication and system reset if the alarm is not verified. 

 
E. Notification Appliance Circuit: Operation shall sound in a ANSI standard temporal pattern. 

 
F. Door Controls: Door hold-open devices that are controlled by smoke detectors at doors in smoke barrier walls 

shall be connected to fire-alarm system. 
 

G. Remote Smoke-Detector Sensitivity Adjustment: Controls shall select specific addressable smoke detectors for 
adjustment, display their current status and sensitivity settings, and change those settings. Allow controls to be 
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used to program repetitive, time-scheduled, and automated changes in sensitivity of specific detector groups. 
Record sensitivity adjustments and sensitivity-adjustment schedule changes in system memory, and print out 
the final adjusted values on system printer. 

 
H. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory, and trouble signals 

to a remote alarm station. 
 

I. Voice/Alarm Signaling Service: Central emergency communication system with redundant microphones, 
preamplifiers, amplifiers, and tone generators provided as a special module that is part of fire-alarm control unit. 

1. Indicated number of alarm channels for automatic, simultaneous transmission of different announcements 
to different zones or for manual transmission of announcements by use of the central- control 
microphone. Amplifiers shall comply with UL 1711 and be listed by an NRTL. 

a. Allow the application of and evacuation signal to indicated number of zones and, at same time, 
allow voice paging to the other zones selectively or in any combination. 

b. Programmable tone and message sequence selection. 
c. Standard digitally recorded messages for "Evacuation" and "All Clear." 
d. Generate tones to be sequenced with audio messages of type recommended by NFPA 72 and that 

are compatible with tone patterns of notification appliance circuits of fire-alarm control unit. 
 

2. Status Annunciator: Indicate the status of various voice/alarm speaker zones and the status of firefighters' 
two-way telephone communication zones. 

3. Preamplifiers, amplifiers, and tone generators shall automatically transfer to backup units, on primary 
equipment failure. 

 
J. Printout of Events: On receipt of signal, print alarm, supervisory, and trouble events. Identify zone, device, and 

function. Include type of signal (alarm, supervisory, or trouble) and date and time of occurrence. Differentiate 
alarm signals from all other printed indications. Also print system reset event, including same information for 
device, location, date, and time. Commands initiate the printing of a list of existing alarm, supervisory, and 
trouble conditions in the system and a historical log of events. 

 
K. Primary Power: 24-V dc obtained from 120-V ac service and a power-supply module. Initiating devices, 

notification appliances, signaling lines, trouble signals, supervisory and digital alarm communicator transmitters 
shall be powered by 24-V dc source. 

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-supply module 
rating. 

 
L. Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and automatic transfer 

switch. 

1. Batteries: Sealed, valve-regulated, recombinant lead acid. 
 
2.4 Instructions: Computer printout or typewritten instruction card mounted behind a plastic or glass cover in a 

stainless-steel or aluminum frame. Include interpretation and describe appropriate response for displays and 
signals. Briefly describe the functional operation of the system under normal, alarm, and trouble conditions. 

2.5 MANUAL FIRE-ALARM BOXES 
 

A. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes shall be finished in red with 
molded, raised-letter operating instructions in contrasting color; shall show visible indication of operation; and 
shall be mounted on recessed outlet box. If indicated as surface mounted, provide manufacturer's surface back 
box. 
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1. Double-action mechanism requiring two actions to initiate an alarm, pull-lever type; with integral 
addressable module arranged to communicate manual-station status (normal, alarm, or trouble) to fire-
alarm control unit. 

2. Station Reset: Key- or wrench-operated switch. 
3. Indoor Protective Shield: Factory-fabricated clear plastic enclosure hinged at the top to permit lifting for 

access to initiate an alarm. Lifting the cover actuates an integral battery-powered audible horn intended to 
discourage false-alarm operation. 

4. Weatherproof Protective Shield: Factory-fabricated clear plastic enclosure hinged at the top to permit 
lifting for access to initiate an alarm. 

 
2.6 SYSTEM SMOKE DETECTORS 

 
A. General Requirements for System Smoke Detectors: 

1. Comply with UL 268; operating at 24-V dc, nominal. 
2. Detectors shall be two-wire type. 
3. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) to fire-

alarm control unit. 
4. Base Mounting: Detector and associated electronic components shall be mounted in a twist-lock module 

that connects to a fixed base. Provide terminals in the fixed base for connection to building wiring. 
5. Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore them to 

normal operation. 
6. Integral Visual-Indicating Light: LED type indicating detector has operated and power-on status. 
7. Remote Control: Unless otherwise indicated, detectors shall be analog-addressable type, individually 

monitored at fire-alarm control unit for calibration, sensitivity, and alarm condition and individually 
adjustable for sensitivity by fire-alarm control unit. 

a. Rate-of-rise temperature characteristic shall be selectable at fire-alarm control unit for 15 or 20 deg 
F per minute. 

b. Fixed-temperature sensing shall be independent of rate-of-rise sensing and shall be settable at fire-
alarm control unit to operate at 135 or 155 deg F. 

c. Provide multiple levels of detection sensitivity for each sensor. 
 

B. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the 
detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

 
C. Ionization Smoke Detector: 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the 
detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

a. Primary status. 
b. Device type. 
c. Present average value. 
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d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

 
D. Duct Smoke Detectors: Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the 
detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

 
3. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed for use with the supplied 

detector. 
4. Each sensor shall have multiple levels of detection sensitivity. 
5. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific duct size, air 

velocity, and installation conditions where applied. 
6. Relay Fan Shutdown: Rated to interrupt fan motor-control circuit. 

 
2.7 HEAT DETECTORS 

 
A. General Requirements for Heat Detectors: Comply with UL 521. 

 
B. Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F or a rate of rise that 

exceeds 15 deg F per minute unless otherwise indicated. 

1. Mounting: Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) to fire-

alarm control unit. 
 

C. Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds a fixed temperature of 190 deg 
F, unless otherwise indicated. 

1. Mounting: Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) to fire-

alarm control unit. 
 
2.8 NOTIFICATION APPLIANCES 

 
A. Manufacturers: 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Gentex notification 
appliances or comparable product by one of the following: 
a. Notifier, a Honeywell Company 

 
B. General Requirements for Notification Appliances: Individually addressed, connected to a signaling line circuit, 

equipped for mounting as indicated and with screw terminals for system connections. 
 

C. General Requirements for Notification Appliances: Connected to notification appliance signal circuits, zoned as 
indicated, equipped for mounting as indicated and with screw terminals for system connections. 
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1. Combination Devices: Factory-integrated audible and visible devices in a single-mounting assembly, 
equipped for mounting as indicated and with screw terminals for system connections. 

 
D. Horns: Electric-vibrating-polarized type, 24-V dc; with provision for housing the operating mechanism behind a 

flush grille. Comply with UL 464. Horns shall produce a sound-pressure level of 90 dBA, measured 10 feet from 
the horn, using the coded signal prescribed in UL 464 test protocol. 

1. Catalog Number: Gentex GEC3 series 
 

E. Visible Notification Appliances: Xenon strobe lights comply with UL 1971, with clear or nominal white 
polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is engraved in minimum 1-inch- high 
letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd, selectable in the field. 
 

2. Mounting:  Wall mounted unless otherwise indicated. 
3. For units with guards to prevent physical damage, light output ratings shall be determined with guards in 

place. 
4. Flashing shall be in a temporal pattern, synchronized with other units. 
5. Strobe Leads: Factory connected to screw terminals. 
6. Mounting Faceplate: Factory finished, white. 
7. Catalog Number: GES3 series. 

 
F. Voice/Tone Notification Appliances: 

1. Appliances shall comply with UL 1480 and shall be listed and labeled by an NRTL. 
2. High-Range Units: Rated 2 to 15 W. 
3. Low-Range Units: Rated 1 to 2 W. 
4. Mounting: Flush. 
5. Matching Transformers: Tap range matched to acoustical environment of speaker location. 
6. Manufacturer: Wheellock 

a. Low-range units: ET70 series. 
b. High range units: ET90 series 

 
G. Voice Speaker Clusters: 

1. Appliances shall comply with UL 1480 and shall be listed and labeled by an NRTL. 
2. Speaker Units: Rated 15 to 30 W. per unit 
3. Mounting: Pendant 
4. Matching Transformers: Tap range matched to acoustical environment of speaker location. 
5. Strobes: 177 cd 
6. Manufacturer: Wheellock Series STH 

 
2.9 MAGNETIC DOOR HOLDERS 

 
A. Description: Units are equipped for wall or floor mounting as indicated and are complete with matching 

doorplate. 

1. Electromagnet: Requires no more than 3 W to develop 25-lbf holding force. 
2. Wall-Mounted Units: Flush mounted unless otherwise indicated. 
3. Rating: 24-V ac or dc. 
4. Rating: 120-V ac. 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                   DIGITAL ADDRESSABLE FIRE-ALARM SYSTEM 28 31 11 - 10  

 
B. Material and Finish: Match door hardware. 

 
2.10 REMOTE ANNUNCIATOR 

 
A. Description: Annunciator functions shall match those of fire-alarm control unit for alarm, supervisory, and trouble 

indications. Manual switching functions shall match those of fire-alarm control unit, including acknowledging, 
silencing, resetting, and testing. 

1. Mounting: Flush cabinet, NEMA 250, Type 1. 
 

B. Display Type and Functional Performance: LCD Alphanumeric display with operator keyboard and LED status 
indicators. Provide controls to acknowledge, silence, reset, and test functions for alarm, supervisory, and 
trouble signals. 

 
2.11 ADDRESSABLE INTERFACE DEVICE 

 
A. Description: Microelectronic monitor module, NRTL listed for use in providing a system address for alarm- 

initiating devices for wired applications with normally open contacts. 
 

B. Integral Relay: Capable of providing a direct signal to elevator controller to initiate elevator recall or to circuit-
breaker shunt trip for power shutdown or to shutdown AHUs and other fans . 

 
2.12 DIGITAL ALARM COMMUNICATOR TRANSMITTER 

 
A. Digital alarm communicator transmitter shall be acceptable to the remote central station and shall comply with 

UL 632 and be listed and labeled by an NRTL. 

B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-alarm control unit 
and automatically capture two telephone lines and dial a preset number for a remote central station. When 
contact is made with central station(s), signals shall be transmitted. If service on either line is interrupted for 
longer than 45 seconds, transmitter shall initiate a local trouble signal and transmit the signal indicating loss of 
telephone line to the remote alarm receiving station over the remaining line. Transmitter shall automatically 
report telephone service restoration to the central station. If service is lost on both telephone lines, 
transmitter shall initiate the local trouble signal 

 
C. Local functions and display at the digital alarm communicator transmitter shall include the following: 

1. Verification that both telephone lines are available. 
2. Programming device. 
3. LED display. 
4. Manual test report function and manual transmission clear indication. 
5. Communications failure with the central station or fire-alarm control unit. 

 
D. Digital data transmission shall include the following: 

1. Address of the alarm-initiating device. 
2. Address of the supervisory signal. 
3. Address of the trouble-initiating device. 
4. Loss of ac supply or loss of power. 
5. Low battery. 
6. Abnormal test signal. 
7. Communication bus failure. 

 
E. Secondary Power: Integral rechargeable battery and automatic charger. 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                   DIGITAL ADDRESSABLE FIRE-ALARM SYSTEM 28 31 11 - 11  

 
F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station. 

 
 

2.13 SYSTEM PRINTER 
 

A. Printer shall be listed and labeled by an NRTL as an integral part of fire-alarm system. 
 
2.14 DEVICE GUARDS 

 
A. Description: Welded wire mesh of size and shape for the manual station, smoke detector, gong, or other device 

requiring protection. 
1. Factory fabricated and furnished by manufacturer of device. 
2. Finish: Paint of color to match the protected device. 

 
PART 3 - EXECUTION 

 
3.1 EQUIPMENT INSTALLATION 

 
A. Comply with NFPA 72 for installation of fire-alarm equipment. 

 
B. Wiring Methods: 

1. Enclose all wiring in metallic raceway within buildings and structures. 
2. Refer to Section RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS for type of raceway required in 

different spaces and conditions. 
3. PVC80 conduit may be used for exterior underground raceway. Minimum depth-of-bury is 36.” 
4. Minimum raceway size is 3/4“ trade size. 
5. Line voltage conductors shall be solid copper conductors with 600 V-rated THWN insulation. Provide #10 

gauge minimum, with adjustments for long runs. Preferred initiation loop conductors are West Penn. 
6. Signal circuits shall be #14 AWG THWN 19 strand copper. 
7. Annunciator Circuits shall be #16 AWG THWN 19 strand copper. 
8. Wire AWG sizes shall be adjusted to a larger size as required by the manufacturers’ voltage drop 

recommendations and the load served. 
9. Color code all conductors per BCSB standard: 

 
Color Code: Positive Negative 

Audio/visual  #14 AWG (THWN) +blue  -yellow 
Relay circuit #14 AWG (THWN) +purple -gray (NC) 

Door holders #14 AWG (THWN) +brown -orange 
Gas shutoff #14 AWG (THWN) +blue -yellow 
24 – 28 VDC 
 
 
Automatic 
addressable) 

#14 AWG (THWN) 
 
 

(non #14 AWG (THWN) 

+red 
 
 

+yellow 

-black 
 
 

-brown 

Manual (non #14 AWG (THWN) +blue -purple 
addressable)    

 
10. All conductors shall be unspliced between devices. Make connections directly to device terminals. 
11. Tee tapping of circuits is prohibited. 

 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019 
 

 
©2020, HJ/PROJ. #18064.00                   DIGITAL ADDRESSABLE FIRE-ALARM SYSTEM 28 31 11 - 12  

C. Equipment Mounting: Install fire-alarm control unit on finished floor with tops of cabinets not more than 72 inches 
above the finished floor unless otherwise noted. 

1. Comply with NFPA 72, "Smoke-Sensing Fire Detectors" Section in the "Initiating Devices" Chapter, for 
smoke-detector spacing. 

2. Comply with NFPA 72, "Heat-Sensing Fire Detectors" Section in the "Initiating Devices" Chapter, for heat-
detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet. 
4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high ceiling areas shall 

be determined according to Appendix A in NFPA 72. 
5. HVAC: Locate detectors not closer than 3 feet from air-supply diffuser or return-air opening. 
6. Lighting Fixtures: Locate detectors not closer than 12 inches from any part of a lighting fixture. 

 
D. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they extend the full 

width of duct. 
 

E. Heat Detectors in Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and location. 
 

F. Remote Status and Alarm Indicators: Install near each smoke detector and each sprinkler water-flow switch and 
valve-tamper switch that is not readily visible from normal viewing position. 

 
G. Audible Alarm-Indicating Devices: Install not less than 6 inches below the ceiling. Install horns on flush- 

mounted back boxes with the device-operating mechanism concealed behind a grille. 
 

H. Visible Alarm-Indicating Devices: Install adjacent to each alarm horn and at least 6 inches below the ceiling. 
 

I. Device Location-Indicating Lights: Locate in public space near the device they monitor. 
 

J. Fire-Alarm Control Unit: Surface mounted, with tops of cabinets not more than 72 inches above the finished 
floor. 

 
K. Annunciator: Install with top of panel not more than 72 inches above the finished floor. 

 
3.2 CONNECTIONS 

 
A. For fire-protection systems related to doors in fire-rated walls and partitions and to doors in smoke partitions, 

comply with requirements in Division 08 Section "Door Hardware." Connect hardware and devices to fire-alarm 
system. 

1. Verify that hardware and devices are NRTL listed for use with fire-alarm system in this Section before 
making connections. 

 
B. Make addressable connections with a supervised interface device to the following devices and systems. Install 

the interface device less than 3 feet from the device controlled. Make an addressable confirmation connection 
when such feedback is available at the device or system being controlled. 

1. Smoke dampers in air ducts of designated air-conditioning duct systems. 
2. Alarm-initiating connection to elevator recall system and components. 
3. Alarm-initiating connection to activate emergency shutoffs for gas and fuel supplies. 
4. Supervisory connections at valve supervisory switches. 
5. Supervisory connections at elevator shunt trip breaker. 
6. Supervisory connections at fire-pump power failure including a dead-phase or phase-reversal condition. 
7. Supervisory connections at fire-pump motor control panel. 

 
3.3 IDENTIFICATION 
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A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified 
in Division 26 Section "Identification for Electrical Systems." 

 
B. Install framed instructions in a location visible from fire-alarm control unit. 

 
3.4 GROUNDING 

 
A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a ground wire from main 

service ground to fire-alarm control unit. 
 
3.5 FIELD QUALITY CONTROL 

 
A. Field tests shall be witnessed by authorities having jurisdiction. 

 
B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, and adjust 

components, assemblies, and equipment installations, including connections. 
 

C. Perform tests and inspections. 
1. Manufacturer’s Field S e r v i c e : Engage a factory-authorized service representative to inspect 

components, assemblies, and equipment installations, including connections, and to assist in testing. 
 

D. Tests and Inspections: 
1. Visual Inspection: Conduct visual inspection prior to testing. 

a. Inspection shall be based on completed Record Drawings and system documentation that is 
required by NFPA 72 in its "Completion Documents, Preparation" Table in the "Documentation" 
Section of the "Fundamentals of Fire Alarm Systems" Chapter. 

 
2. System Testing: Comply with "Test Methods" Table in the "Testing" Section of the "Inspection, Testing 

and Maintenance" Chapter in NFPA 72. 
3. Test audible appliances for the public operating mode according to manufacturer's written instructions. 

Perform the test using a  portable  sound-level  meter  complying  with  Type 2  requirements  in  ANSI 
S1.4. 

4. Factory-authorized service representative shall prepare the "Fire Alarm System Record of Completion" in 
the "Documentation" Section of the "Fundamentals of Fire Alarm Systems" Chapter in NFPA 72 and the 
"Inspection and Testing Form" in the "Records" Section of the "Inspection, Testing and Maintenance" 
Chapter in NFPA 72. 

 
E. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or replaced 

devices and appliances. 
 

F. Fire-alarm system will be considered defective if it does not pass tests and inspections. 
 

G. Prepare test and inspection reports. 
 

H. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly, quarterly, and 
semiannual periods. Use forms developed for initial tests and inspections. 

 
I. Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm  system complying 

with visual and testing inspection requirements in NFPA 72. Use forms developed for initial tests and 
inspections. 

3.6 DEMONSTRATION 
 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, 
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and maintain fire-alarm system.  
 
 
END OF SECTION 28 31 11  
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SECTION 31 10 00 – SITE CLEARING  

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS  
 
Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. Section Includes: 
 
1.  Protecting existing trees and vegetation to remain. 

2.  Removing trees and other vegetation as required. 

3.  Clearing and grubbing. 

4.  Topsoil stripping. 

5.  Removing above-grade site improvements as required. 

6.  Disconnecting, capping or sealing, and abandoning site utilities in place. 

7.  Disconnecting, capping or sealing, and removing site utilities. 

8.  Reinstalling above-grade site improvements where specified. 

9.  Reconnecting site utilities where specified. 

 

 

1.3 DEFINITIONS  

 

A. Topsoil:  Natural or cultivated surface-soil layer containing organic matter and sand, silt, and 
clay particles; friable, pervious, and black or a darker shade of brown, gray, or red than 
underlying sub-soil; reasonably free of subsoil, clay lumps, gravel, and other objects more 
than 2 inches in diameter; and free of weeds, roots, and other deleterious materials. 
 
 

1.4 MATERIALS OWNERSHIP  

 

A. Except for materials indicated to be stockpiled or to remain Owner's property, cleared 

materials shall become Contractor's property and shall be removed from the site. 

 

 

1.5 SUBMITTALS  

 

A. Construction Video Recording according to Division 1 Section “01 32 33 Photographic 
Documentation.” 

 
B. Record drawings according to Division 1 Section "Project Closeout." 

 



St. Johns River State College 

Library Renovation & Addition  

Phase: Construction Documents  

Bid Number: BID-SJR-03-2019 

 

©2020, HJ/PROJ. #18064.00                                SITE CLEARING  31 10 00 - 2  

 

1.  Identify and accurately locate capped utilities and other subsurface structural, 

electrical, and mechanical conditions. 

 

 

1.6 QUALITY ASSURANCE  

 

A. Pre-installation Conference:  Conduct conference at Project site. 
 
 

1.7 PROJECT CONDITIONS  

 

A. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during site-clearing operations. 
 
1.  Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 

without permission from Owner and authorities having jurisdiction. 
2.  Provide alternate routes around closed or obstructed traffic ways if required by 

authorities having jurisdiction. 
 

 

PART 2- PRODUCTS  

 

  

2.1 SOIL MATERIALS  

 

A. Satisfactory Soil Materials:  Requirements for satisfactory soil materials are specified in 

Section "31 20 00 Earth Moving." 

 

1.  Obtain approved borrow soil materials off-site when satisfactory soil materials are not 

available on-site. 

 

 

PART 3- EXECUTION  

 

 

3.1 PREPARATION  

 

A. Protect and maintain benchmarks and survey control points from disturbance during 

construction. 

 

B. Provide erosion-control measures to prevent soil erosion and discharge of soil-bearing water 

runoff or airborne dust to adjacent properties and walkways. 

 

C. Locate and clearly flag trees and vegetation to remain or to be relocated. 

 

D. Protect existing site improvements to remain from damage during construction. 

 

1.  Restore damaged improvements to their original condition, as acceptable to Owner. 
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3.2 TREE PROTECTION   

 

A. Erect and maintain a temporary fence around drip line of individual trees or around perimeter 

drip line of groups of trees to remain.  Remove fence when construction is complete. 

 

1.  Do not store construction materials, debris, or excavated material within drip line of 

remaining trees. 

2.  Do not permit vehicles, equipment, or foot traffic within drip line of remaining trees. 

 

B. Do not excavate within drip line of trees, unless otherwise indicated. 

 

C. Where excavation for new construction is required within drip line of trees, hand clear and 

excavate to minimize damage to root systems.  Use narrow-tine spading forks, comb soil to 

expose roots, and cleanly cut roots as close to excavation as possible. 

 

1.  Cover exposed roots with burlap and water regularly. 

2.  Temporarily support and protect roots from damage until they are permanently 

relocated and covered with soil. 

3.  Coat cut faces of roots more than 1-1/2 inches in diameter with an emulsified asphalt 

or other approved coating formulated for use on damaged plant tissues. 

4.  Cover exposed roots with wet burlap to prevent roots from drying out.  Backfill with 

soil as soon as possible. 

 

D. Repair or replace trees and vegetation indicated to remain that are damaged by construction 

operations, in a manner approved by Engineer. 

 

1.  Employ a qualified arborist, licensed in jurisdiction where Project is located, to submit 

details of proposed repairs and to repair damage to trees and shrubs. 

2.  Replace trees that cannot be repaired and restored to full-growth status, as 

determined by the qualified arborist. 

 

 

3.3 UTILITIES  

 

A. Owner will arrange for disconnecting and sealing indicated utilities that serve existing 

structures before site clearing when requested by Contractor. 

 

1.  Verify that utilities have been disconnected and capped before proceeding with site 

clearing. 

 

B. Locate, identify, disconnect, and seal or cap off utilities indicated to be removed. 

 

1.  Owner will arrange to shut off indicated utilities when requested by Contractor. 

2.  Arrange to shut off indicated utilities with utility companies. 

 

C. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others 

unless permitted under the following conditions and then only after arranging to provide 

temporary utility services according to requirements indicated: 
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1.  Notify Engineer not less than two days in advance of proposed utility interruptions. 

2.  Do not proceed with utility interruptions without Engineer's written permission. 

 

D. Excavate for and remove underground utilities indicated to be removed. 

 

E. Removal of underground utilities is included in Division 23 mechanical or Division 26 

electrical Sections. 

 

 

3.4 CLEARING AND GRUBBING  

 

A. Remove obstructions, trees, shrubs, grass, and other vegetation to permit installation of new 

construction.  Removal includes digging out stumps and obstructions and grubbing roots. 

 

1.  Do not remove trees, shrubs, and other vegetation indicated to remain or to be 

relocated. 

2.  Cut minor roots and branches of trees indicated to remain in a clean and careful 

manner where such roots and branches obstruct installation of new construction. 

3.  Completely remove stumps, roots, obstructions, and debris extending to a depth of 

18 inches below exposed sub-grade. 

4.  Use only hand methods for grubbing within drip line of remaining trees. 

 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material, 

unless further excavation or earthwork is indicated. 

 

1.  Place fill material in horizontal layers not exceeding 8-inch loose depth, and compact 

each layer to a density equal to adjacent original ground. 

 

 

3.5 TOPSOIL STRIPPING  

 

A. Remove sod and grass before stripping topsoil. 

 

B. Strip topsoil to whatever depths are encountered in a manner to prevent intermingling with 

underlying subsoil or other waste materials. 

 

1.  Strip surface soil of unsuitable topsoil, including trash, debris, weeds, roots, and other 

waste materials. 

 

C. Stockpile topsoil materials away from edge of excavations without intermixing with subsoil.  

Grade and shape stockpiles to drain surface water.  Cover to prevent windblown dust. 

 

1.  Limit height of topsoil stockpiles to 72 inches. 

2.  Do not stockpile topsoil within drip line of remaining trees. 

3.  Dispose of excess topsoil as specified for waste material disposal. 

4.  Stockpile surplus topsoil and allow for re-spreading deeper topsoil. 

 

 

3.6 SITE IMPROVEMENTS  
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A. Remove existing above- and below-grade improvements as indicated and as necessary to 

facilitate new construction. 

 

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 

 

1.  Unless existing full-depth joints coincide with line of demolition, neatly saw-cut length 

of existing pavement to remain before removing existing pavement.  Saw-cut faces 

vertically. 

 

 

3.7 DISPOSAL  

 

A. Disposal:  Remove surplus soil material, unsuitable topsoil, obstructions, demolished 

materials, and waste materials, including trash and debris, and legally dispose of them off 

Owner's property. 

END OF SECTION 31 10 00  
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SECTION 31 20 00- EARTH MOVING 

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS  
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. Section Includes: 
 
1.  Preparing sub-grades for slabs-on-grade, walks, pavements, lawns, and plantings. 

2.  Excavating and backfilling for buildings and structures. 

3.  Excavating and backfilling for stormwater basins and berms. 

4.  Sub-grade course for concrete walks and pavements. 

5.  Base course for asphalt paving. 

6.  Excavating and backfilling trenches within building lines. 

7.  Excavating and backfilling trenches for buried mechanical and electrical utilities and 

pits for buried utility structures. 

 

 

1.3 DEFINITIONS  

 

A. Backfill:  Soil materials used to fill an excavation. 
 
1.  Initial Backfill:  Backfill placed beside and over pipe in a trench, including haunches to 

support sides of pipe. 
2.  Final Backfill:  Backfill placed over initial backfill to fill a trench. 

 
B. Base Course:  Layer placed between the sub-grade course and asphalt paving. 

 
C. Bedding Course:  Layer placed over the excavated sub-grade in a trench before laying pipe. 

 
D. Borrow:  Satisfactory soil imported from off-site for use as fill or backfill. 

 
E. Excavation:  Removal of material encountered above sub-grade elevations. 

 
1.  Additional Excavation:  Excavation below sub-grade elevations as directed by 

Engineer. Additional excavation and replacement material will be paid for according 
to Contract provisions for changes in the Work. 

2.  Bulk Excavation:  Excavations more than 10’ (3 m) in width and pits more than 30’ (9 
m) in either length or width. 

3.  Unauthorized Excavation:  Excavation below sub-grade elevations or beyond 
indicated dimensions without direction by Engineer.  Unauthorized excavation, as 
well as remedial work directed by Engineer, shall be without additional compensation. 
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F. Fill:  Soil materials used to raise existing grades. 
 

G. Structures:  Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical 
and electrical appurtenances, or other man-made stationary features constructed above or 
below the ground surface. 
 

H. Sub-grade:  Surface or elevation remaining after completing excavation, or top surface of a fill 
or backfill immediately below sub-base, drainage fill, or topsoil materials. 
 

I. Stabilized Sub-grade:  Layer placed between the natural ground and base course for paving. 
Stabilized sub-grade shall be FDOT Type B. 
 

J. Utilities include on-site underground pipes, conduits, ducts, and cables, as well as 
underground services within buildings. 
 
 

1.4 SUBMITTALS  

 

A. Product Data:  For the following: 

 

1.  Each type of plastic warning tape. 

2.  Drainage fabric. 

3.  Separation fabric. 

 

B. Material Test Reports:  From a qualified testing agency indicating and interpreting test results 

for compliance of the following with requirements indicated: 

 

1.  Classification according to ASTM D 2487 of each on-site or borrow soil material 

proposed for fill and backfill. 

2.  Laboratory compaction curve according to ASTM D 1557 for each on-site or borrow 

soil material proposed for fill and backfill. 

 

 

1.5 QUALITY ASSURANCE  

 

A. Geotechnical Testing Agency Qualifications:  An independent testing agency qualified 
according to ASTM E 329 to conduct soil materials and rock-definition testing, as 
documented according to ASTM D 3740 and ASTM E 548. 
 
 

1.6 PROJECT CONDITIONS  

 

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others 
unless permitted in writing by Engineer and then only after arranging to provide temporary 
utility services according to requirements indicated: 
 
1.  Notify Engineer not less than two days in advance of proposed utility interruptions. 
2.  Do not proceed with utility interruptions without Engineer's written permission. 
3.  Contact utility-locator service for area where Project is located before excavating. 

 
B. Demolish and completely remove from site existing underground utilities indicated to be 

removed. Coordinate with utility companies to shut off services if lines are active. 
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PART 2- PRODUCTS  

 

  

2.1 SOIL MATERIALS  

 

A. General:  Provide borrow soil materials when sufficient satisfactory soil materials are not 

available from excavations. 

 

B. Satisfactory Soils:  ASTM D 2487 soil classification groups GW, GP, GM, SW, SP, and SM, 

or a combination of these group symbols; free of rock or gravel larger than 3 inches (75 mm) 

in any dimension, debris, waste, frozen materials, vegetation, and other deleterious matter. 

 

C. Unsatisfactory Soils:  ASTM D 2487 soil classification groups GC, SC, ML, MH, CL, CH, OL, 

OH, and PT, or a combination of these group symbols. 

 

1.  Unsatisfactory soils also include satisfactory soils not maintained within 2% of 

optimum moisture content at time of compaction. 

 

D. Backfill and Fill:  Satisfactory soil materials. 

 

E. Stabilized Sub-grade:  Stabilized sub-grade per FDOT Standard Specifications for Type B. 

 

F. Base: Limerock per FDOT Standard Specifications. 

 

G. Engineered Fill:  Naturally or artificially graded mixture of natural or crushed gravel, crushed 

stone, and natural or crushed sand; ASTM D 2940; with at least 90 percent passing a 1-1/2” 

(38-mm) sieve and not more than 12% passing a No. 200 (0.075-mm) sieve. 

 

H. Bedding:  Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, 

and natural or crushed sand; ASTM D 2940; except with 100% passing a 1” (25-mm) sieve 

and not more than 8% passing a No. 200 (0.075-mm) sieve. 

 

I. Drainage Fill:  Washed, narrowly graded mixture of crushed stone, or crushed or uncrushed 

gravel; ASTM D 448; coarse-aggregate grading Size 57; with 100% passing a 1-1/2” (38-mm) 

sieve and 0 to 5% passing a No. 8 (2.36-mm) sieve. 

 

J. Filter Material:  Narrowly graded mixture of natural or crushed gravel, or crushed stone and 

natural sand; ASTM D 448; coarse-aggregate grading Size 67; with 100% passing a 1” (25-

mm) sieve and 0 to 5% passing a No. 4 (4.75-mm) sieve. 

 

K. Impervious Fill:  Clayey gravel and sand mixture capable of compacting to a dense state. 

 

 

2.2 ACCESSORIES  

 

A. Detectable Warning Tape:  Acid- and alkali-resistant polyethylene film warning tape 

manufactured for marking and identifying underground utilities, minimum 6” (150 mm) wide 

and 4 mils (0.1 mm) thick, continuously inscribed with a description of utility, with metallic 
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core encased in a protective jacket for corrosion protection, detectable by metal detector 

when tape is buried up to 30” (750 mm) deep; colored as follows: 

 

1.  Red:  Electric. 

2.  Yellow:  Gas, oil, steam, and dangerous materials. 

3.  Orange:  Telephone and other communications. 

4.  Blue:  Water systems. 

5.  Green:  Sewer systems. 

B. Drainage Fabric:  Nonwoven geotextile, specifically manufactured as a drainage geotextile; 

made from polyolefins, polyesters, or polyamides; and with the following minimum properties 

determined according to ASTM D 4759 and referenced standard test methods: 

 

1.  Grab Tensile Strength:  110 lbf (490 N); ASTM D 4632. 

2.  Tear Strength:  40 lbf (178 N); ASTM D 4533. 

3.  Puncture Resistance:  50 lbf (222 N); ASTM D 4833. 

4.  Water Flow Rate:  150 gpm per sq. ft. (100 L/s per sq. m); ASTM D 4491. 

5.  Apparent Opening Size:  No. 50 (0.3 mm); ASTM D 4751. 

 

C. Separation Fabric:  Woven geotextile, specifically manufactured for use as a separation 

geotextile; made from polyolefins, polyesters, or polyamides; and with the following minimum 

properties determined according to ASTM D 4759 and referenced standard test methods: 

 

1.  Grab Tensile Strength:  200 lbf (890 N); ASTM D 4632. 

2.  Tear Strength:  75 lbf (333 N); ASTM D 4533. 

3.  Puncture Resistance:  90 lbf (400 N); ASTM D 4833. 

4.  Water Flow Rate:  4 gpm per sq. ft. (2.7 L/s per sq. m); ASTM D 4491. 

5.  Apparent Opening Size:  No. 30 (0.6 mm); ASTM D 4751. 

 

 

 

PART 3- EXECUTION  

 

 

3.1 PREPARATION  

 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused 

by settlement, lateral movement, undermining, washout, and other hazards created by 

earthwork operations. 

 

B. Protect sub-grades and foundation soils against freezing temperatures or frost.  Provide 

protective insulating materials as necessary. 

 

C. Provide erosion-control measures to prevent erosion or displacement of soils and discharge 

of soil-bearing water runoff or airborne dust to adjacent properties and walkways. 

 

 

3.2 DEWATERING  

 

A. Prevent surface water and ground water from entering excavations, from ponding on 

prepared sub grades, and from flooding Project site and surrounding area. 
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B. Protect sub-grades from softening, undermining, washout, and damage by rain or water 

accumulation. 

 

1.  Reroute surface water runoff away from excavated areas.  Do not allow water to 

accumulate in excavations.  Do not use excavated trenches as temporary drainage 

ditches. 

2.  Install a dewatering system to keep subgrades dry and convey ground water away 

from excavations.  Maintain until dewatering is no longer required. 

 

3.3 EXPLOSIVES  

 

A. Explosives:  Do not use explosives. 

 

 

3.4 EXCAVATION, GENERAL  

 

A. Unclassified Excavation:  Excavation to subgrade elevations regardless of the character of 

surface and subsurface conditions encountered, including rock, soil materials, and 

obstructions. 

1.  If excavated materials intended for fill and backfill include unsatisfactory soil materials 

and rock, replace with satisfactory soil materials. 

 

 

3.5 EXCAVATION FOR STRUCTURES 

 

A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1” (25 

mm). Extend excavations a sufficient distance from structures for placing and removing 

concrete form-work, for installing services and other construction, and for inspections. 

 

1.  Excavations for Footings and Foundations:  Do not disturb bottom of excavation.  

Excavate by hand to final grade just before placing concrete reinforcement.  Trim 

bottoms to required lines and grades to leave solid base to receive other work. 

2.  Pile Foundations:  Stop excavations from 6 to 12 inches (150 to 300 mm) above 

bottom of pile cap before piles are placed.  After piles have been driven, remove 

loose and displaced material.  Excavate to final grade, leaving solid base to receive 

concrete pile caps. 

3.  Excavation for Underground Tanks, Basins, and Mechanical or Electrical Utility 

Structures: Excavate to elevations and dimensions indicated within a tolerance of 

plus or minus 1” (25 mm).  Do not disturb bottom of excavations intended for bearing 

surface. 

 

 

3.6 EXCAVATION FOR WALKS AND PAVEMENTS 

 

A. Excavate surfaces under walks and pavements to indicated cross sections, elevations, and 

grades. 

 

 

3.7 EXCAVATION FOR UTILITY TRENCHES 
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A. Excavate trenches to indicated gradients, lines, depths, and elevations. 

 

1.  Beyond building perimeter, excavate trenches to allow installation of top of pipe 

below frost line. 

 

B. Excavate trenches to uniform widths to provide a working clearance on each side of pipe or 

conduit. Excavate trench walls vertically from trench bottom to 12” (300 mm) higher than top 

of pipe or conduit, unless otherwise indicated. 

 

1.  Clearance:  12” (300 mm) on each side of pipe or conduit. 

 

C. Trench Bottoms:  Excavate and shape trench bottoms to provide uniform bearing and support 

of pipes and conduit.  Shape sub-grade to provide continuous support for bells, joints, and 

barrels of pipes and for joints, fittings, and bodies of conduits.  Remove projecting stones and 

sharp objects along trench sub-grade. 

 

1.  For pipes and conduit less than 6” (150 mm) in nominal diameter and flat-bottomed, 

multiple-duct conduit units, hand-excavate trench bottoms and support pipe and 

conduit on an undisturbed sub-grade. 

2.  For pipes and conduit 6” (150 mm) or larger in nominal diameter, shape bottom of 

trench to support bottom 90° of pipe circumference.  Fill depressions with tamped 

sand backfill. 

3.  Excavate trenches 6” (150 mm) deeper than elevation required in rock or other 

unyielding bearing material to allow for bedding course. 

 

 

3.8 APPROVAL OF SUBGRADE 

 

A. Notify Engineer when excavations have reached required sub-grade. 

 

B. If Engineer determines that unsatisfactory soil is present, continue excavation and replace 

with compacted backfill or fill material as directed. 

 

1.  Additional excavation and replacement material will be paid for according to Contract 

provisions for changes in the Work. 

 

C. Proof roll sub-grade with heavy pneumatic-tired equipment to identify soft pockets and areas 

of excess yielding.  Do not proof roll wet or saturated sub-grades. 

 

D. Reconstruct sub-grades damaged by freezing temperatures, frost, rain, accumulated water, 

or construction activities, as directed by Engineer. 

 

 

3.9 UNAUTHORIZED EXCAVATION 

 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation 

of concrete foundation or footing to excavation bottom, without altering top elevation.  

Excavatable, flowable concrete fill may be used when approved by Engineer. 
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1.  Fill unauthorized excavations under other construction or utility pipe as directed by 

Engineer. 

 

 

3.10 STORAGE OF SOIL MATERIALS 

 

A. Stockpile  borrow materials and satisfactory excavated soil materials.  Stockpile soil materials 

without intermixing.  Place, grade, and shape stockpiles to drain surface water.  Cover to 

prevent windblown dust. 

 

1.  Stockpile soil materials away from edge of excavations.  Do not store within drip line 

of remaining trees. 

 

 

3.11 BACKFILL  

 

A. Place and compact backfill in excavations promptly, but not before completing the following: 

 

1.  Construction below finish grade including, where applicable, damp proofing, 

waterproofing, and  perimeter insulation. 

2.  Surveying locations of underground utilities for record documents. 

3.  Inspecting and testing underground utilities. 

4.  Removing concrete formwork. 

5.  Removing trash and debris. 

6.  Removing temporary shoring and bracing, and sheeting. 

7.  Installing permanent or temporary horizontal bracing on horizontally supported walls. 

 

 

3.12 UTILITY TRENCH BACKFILL 

  

A. Place and compact bedding course on trench bottoms and where indicated.  Shape bedding 

course to provide continuous support for bells, joints, and barrels of pipes and for joints, 

fittings, and bodies of conduits. 

 

B. Backfill trenches excavated under footings and within 18” (450 mm) of bottom of footings; fill 

with excavatable flowable concrete to elevation of bottom of footings. 

 

C. Provide 4” (100-mm-) thick, concrete-base slab support for piping or conduit less than 30” 

(750 mm) below surface of roadways.  After installing and testing, completely encase piping 

or conduit in a minimum of 4” (100 mm) of concrete before backfilling or placing roadway sub-

base. 

 

D. Place and compact initial backfill of sub-base material, free of particles larger than 1” (25 

mm), to a height of 12” (300 mm) over the utility pipe or conduit. 

 

1.  Carefully compact material under pipe haunches and bring backfill evenly up on both 

sides and along the full length of utility piping or conduit to avoid damage or 

displacement of utility system. 

 

E. Coordinate backfilling with utilities testing. 
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F. Fill voids with approved backfill materials while shoring and bracing, and as sheeting is 

removed. 

 

G. Place and compact final backfill of satisfactory soil material to final subgrade. 

 

H. Install warning tape directly above utilities, 12” (300 mm) below finished grade, except 6” (150 

mm) below sub-grade under pavements and slabs. 

 

 

3.13 FILL  

 

A. Preparation:  Remove vegetation, topsoil, debris, unsatisfactory soil materials, obstructions, 

and deleterious materials from ground surface before placing fills. 

 

B. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill 

material will bond with existing material. 

 

C. Place and compact fill material in layers to required elevations as follows: 

 

1.  Under grass and planted areas, use satisfactory soil material. 

2.  Under walks and pavements, use satisfactory soil material. 

3.  Under steps and ramps, use engineered fill. 

4.  Under building slabs, use engineered fill. 

5.  Under footings and foundations, use engineered fill. 

 

 

3.14 MOISTURE CONTROL  

 

A. Uniformly moisten or aerate sub-grade and each subsequent fill or backfill layer before 

compaction to within 2% of optimum moisture content. 

 

1.  Do not place backfill or fill material on surfaces that are muddy, frozen, or contain 

frost or ice. 

2.  Remove and replace, or scarify and air-dry, otherwise satisfactory soil material that 

exceeds optimum moisture content by 2% and is too wet to compact to specified dry 

unit weight. 

 

 

3.15 COMPACTION OF BACKFILLS AND FILLS 

 

A. Place backfill and fill materials in layers not more than 12 inches in loose depth for material 

compacted by heavy compaction equipment, and not more than 4 inches (100 mm) in loose 

depth for material compacted by hand-operated tampers. 

 

B. Place backfill and fill materials evenly on all sides of structures to required elevations, and 

uniformly along the full length of each structure. 

 

C. Compact soil to not less than the following percentages of maximum density according to 

ASTM D 1557: 
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1.  Under structures, stormwater basin berms, building slabs, steps, and pavements, 

scarify and recompact top 12” (300 mm) of existing sub-grade and each layer of 

backfill or fill material at 98%. 

2.  Under walkways, scarify and recompact top 6” (150 mm) below sub-grade and 

compact each layer of backfill or fill material at 98%. 

3.  Under lawn or unpaved areas, scarify and recompact top 6” (150 mm) below sub-

grade and compact each layer of backfill or fill material at 90% 

4.  Stormwater basin berms: Compact each layer of backfill or fill material at 98% 

 

 

3.16 GRADING  

 

A. General:  Uniformly grade areas to a smooth surface, free from irregular surface changes.  

Comply with compaction requirements and grade to cross sections, lines, and elevations 

indicated. 

 

1.  Provide a smooth transition between adjacent existing grades and new grades. 

2.  Cut out soft spots, fill low spots, and trim high spots to comply with required surface 

tolerances. 

 

B. Site Grading:  Slope grades to direct water away from buildings and to prevent ponding.  

Finish sub grades to required elevations within the following tolerances: 

 

1.  Lawn or Unpaved Areas:  Plus or minus 1” (25 mm). 

2.  Walks:  Plus or minus 1/2” (13 mm). 

3.  Pavements:  Plus or minus ½” (13 mm). 

4.  Stormwater basin bottoms: Minus 1” 

5.  Stormwater basin berm tops: Plus 1” 

 

C. Grading inside Building Lines:  Finish sub-grade to a tolerance of ½” (13 mm) when tested 

with a 10’ (3-m) straightedge. 

 

 

3.17 SUBSURFACE DRAINAGE 

 

A. Subsurface Drain:  Place a layer of drainage fabric around perimeter of drainage trench as 

indicated. Place a 6” (150-mm) course of filter material on drainage fabric to support drainage 

pipe.  Encase drainage pipe in a minimum of 12” (300 mm) of filter material and wrap in 

drainage fabric, overlapping sides and ends at least 6” (150 mm). 

 

 

3.18 FIELD QUALITY CONTROL 

 

A. Testing Agency:  Contractor will engage a qualified independent geotechnical engineering 

testing agency acceptable to Owner to perform field quality-control testing. 

 

B. Allow testing agency to inspect and test subgrades and each fill or backfill layer.  Proceed 

with subsequent earthwork only after test results for previously completed work comply with 

requirements. 
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C. Footing Sub-grade:  At footing sub-grades, at least one test of each soil stratum will be 

performed to verify design bearing capacities.  Subsequent verification and approval of other 

footing sub-grades may be based on a visual comparison of sub-grade with tested sub-grade 

when approved by Engineer. 

 

D. Testing agency will test compaction of soils in place according to ASTM D 1556, ASTM D 

2167, ASTM D 2922, and ASTM D 2937, as applicable.  Tests will be performed at the 

following locations and frequencies: 

 

1.  Paved and Building Slab Areas:  At sub-grade and at each compacted fill and backfill 

layer, at least one test for every 2000 sq. ft. (186 sq. m) or less of paved area or 

building slab, but in no case fewer than three tests. 

2.  Foundation Wall Backfill:  At each compacted backfill layer, at least one test for each 

100’ (30 m) or less of wall length, but no fewer than two tests. 

3.  Trench Backfill:  At each compacted initial and final backfill layer, at least one test for 

each 150’ (46 m) or less of trench length, but no fewer than two tests. 

4.  Stormwater Basin Berms:  At sub-grade and at each compacted backfill or fill layer, 

at least one test for every 50’ or less of berm length, but no fewer than two tests per 

berm section. 

 

E. When testing agency reports that sub-grades, fills, or backfills have not achieved degree of 

compaction specified, scarify and moisten or aerate, or remove and replace soil to depth 

required; re-compact and retest until specified compaction is obtained. 

 

 

3.19 PROTECTION 

 

A. Protecting Graded Areas:  Protect newly graded areas from traffic, freezing, and erosion.  

Keep free of trash and debris. 

 

B. Repair and reestablish grades to specified tolerances where completed or partially completed 

surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent 

construction operations or weather conditions. 

 

1.  Scarify or remove and replace soil material to depth as directed by Engineer; reshape 

and Re-compact. 

 

C. Where settling occurs before Project correction period elapses, remove finished surfacing, 

backfill with additional soil material, compact, and reconstruct surfacing. 

 

1.  Restore appearance, quality, and condition of finished surfacing to match adjacent 

work, and eliminate evidence of restoration to the greatest extent possible. 

 

 

3.20 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

 

A. Disposal:  Remove surplus satisfactory soil and waste material, including unsatisfactory soil, 

trash, and debris, and legally dispose of it off Owner's property. 

END OF SECTION 31 20 00 
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SECTION 31 25 00- EROSION AND SEDIMENTATION CONTROLS 
 
PART 1- GENERAL 
 
 
1.1 RELATED DOCUMENTS  

 
A. Drawings and all provisions of Contract, including General Conditions, Special Provisions and 

Division-1 Technical Specification sections, apply to work of this section. 

 

 

1.2 DESCRIPTION OF WORK 
 

A. Work in this section includes placement and maintenance of temporary and permanent 

erosion control measures. 

 

 

1.3 QUALITY ASSURANCE 
 

A. Codes and Standards: Comply with provisions of the following codes, specifications, and 

standards, except where more stringent requirements are shown or specified. 

 

1.  Florida Department of Transportation Erosion and Sediment Control Manual, latest 

edition. 

 

 

1.4 SUBMITTALS 
 

A. General: Submit the following in accordance with Conditions of Contract and Division 1 

Specification Sections. 

 

B. Certification that silt fence and hay bales for erosion meet the requirements of 104-6.4.5 and 

104-6.4.6 and certification that sod, seed and mulch meet the requirements of section 981 of 

the Florida Department of Transportation Standard Specifications for Road and Bridge 

Construction latest edition. 

 

PART 2- PRODUCTS  
 
 
2.1 Erosion control materials shall comply with FDOT Section 104, Prevention, Control, and 

Abatement of Erosion and Water Pollution, with the exception of Sections 104-9 and 104-10. 
 
 

PART 3- EXECUTION 

 

3.1 Sediment and erosion control barriers shall be placed prior to grading and must be made 

functional before upslope land disturbance takes place. 
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3.2 All proposed storm sewer inlets shall be protected so that sediment laden water will not enter 

the conveyance system without first being filtered or otherwise treated to remove sediment. 

 

 

3.3 All temporary erosion and sediment control barriers shall be disposed of within 30 days after 
final site stabilization is achieved or after the temporary measures are no longer needed, unless 
otherwise authorized. Trapped sediment and other disturbed soil areas resulting from the 
disposition of temporary measures shall be permanently stabilized to prevent further erosion 
and sedimentation. 
 
 

3.4 Erosion and sediment control barriers shall be inspected immediately after each 0.5” rainfall 

event and at least once per week. Any required repairs shall be made immediately. 

 

 

3.5 Sediment deposits shall be removed after each storm event. Any sediment deposits 

remaining in place after removal of sediment control barrier, shall be removed and the 

underlying area shall be dressed to conform with the existing grade, prepared and seeded. 

 
 

 

END OF SECTION 31 25 00 
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SECTION 31 31 00 – SOIL TREATMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
 

A. The provisions of the General Conditions, Supplementary Conditions, Drawings, Specifications 
and the Sections included under Division 1, General Requirements and References are included 
as a part of this Section as though bound herein. 

1.2 SUMMARY 

A. Section Includes: 
 

1. Provide labor, material, services and equipment necessary to furnish and install work as 
indicated and as specified herein, which includes, but is not limited to: 
a.      Pre-construction soil treatment for underslab and foundation wall perimeters. 

1.3 REFERENCES 

A. EPA – Environmental Protection Agency. 
B. FBC – Florida Building Code. 

1.4 ACTION SUBMITTALS 
 

A. Product Data: 

1. Chemicals and products used 
2. Application instructions 
3. Certification that products used comply with U.S. Environmental Protection Agency (EPA) 

regulations for termiticides. 
4. Information that soil treatment conforms to specified requirements 

B. Provide information regarding the type of equipment to be used to apply the soil treatment, size of 
volume mixing tank, the pump capacity in gallons per minute, and the application tools with in-line 
flow meter devices attached. 

C. Certificate of Compliance:  Submit as part of the close Out Documents the following statement 
from the pest control company: “The building has received a complete treatment for the prevention 
of subterranean termites. Treatment is in accordance with rules and laws established by the 
Florida Department of Agriculture and Consumer Services.” 

D. Submit job site log book. 

E. Submit sample warranty. 
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1.5 QUALITY ASSURANCE 
 

A. In addition to requirements of these specifications, comply with manufacturer's instructions and 
recommendations for preparing substrate and application. 

B. Engage a professional pest control operator who is licensed according to regulations of the State 
of Florida. 

C. Use only termiticides that bear a federal registration number of the EPA and are approved by local 
authorities having jurisdiction. 

1.6 FIELD CONDITIONS 
 

A. Restrictions:  Do not apply soil treatment solution until excavating, filling, and grading operations 
are completed, except as otherwise required in construction operations. 

B. To ensure penetration, do not apply soil treatment to excessively wet soils or during inclement 
weather. Comply with handling and application instructions of the soil toxicant manufacturer. 

C. Comply with other handling and application instructions of the soil toxicant manufacturer. 

D. Unless treated areas are to be immediately covered, take precautions to prevent disturbance of 
treatment by human or animal contact. 

1.7 REGULATORY REQUIREMENTS 
 

A. Provide minimum requirements for application as authorized by the State of Florida to fulfill 
the work according to manufacturer’s specifications. 

B. Conform to applicable code for requirements and for application in accordance with the EPA. 

1.8 PROJECT RECORD DOCUMENTATION 
 

A. Log Book to be kept at job site and to include: 

1. Project name 
2. Company providing treatment 
3. Applicator’s name 
4. Time of arrival and departure 
5. Product name 
6. Record date of all applications 
7. Rate of application to all required areas of the designated site 
8. All areas to be treated 
9. The soil treatment trade name 
10. Quantity of concentrate delivered to the site 
11. Quantity used for the designated treated areas 
12. The percentage of active ingredient in diluted form 
13. Finished gallons of soil treatment for each application 
14. Linear and square footage amount to determine total finished soil treatment used. 
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1.9 DELIVERY 
 

A. The State Registered products must be delivered to the jobsite in the original sealed and labeled 
containers of the manufacturer. Use a synthetic dye for proper identification on the surface areas 
treated. 

1.10 WARRANTY 
 

A. Warranty:  Furnish written warranty, executed by Applicator and Contractor, certifying that applied 
soil termiticide treatment will prevent infestation of subterranean termites. If subterranean termite 
activity is discovered during warranty period, re-treat soil and repair or replace damage caused by 
termite infestation. 

B. Warranty Period:  Five (5) years from Date of Substantial Completion, or the minimum more 
than five (5) years if prevailing local laws require. 

 
C. The warranty shall not deprive the Owner of other rights the Owner may have under other 

provisions of the Contract Documents and will be in addition to and run concurrent with other 
warranties made by the Contractor under requirements of the Contract Documents. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 
 

A. Manufacturer shall be one of the following however products of other manufacturers will be 
considered for acceptance provided they equal or exceed the material requirements and functional 
qualities of the specified product and acceptance is provided by the Architect in writing prior to 
bidding. 

1. BASF Environmental Science 
2. Bayer Environmental Science 

2.2 SOIL TREATMENT SOLUTION 
 

A. Use an emulsible, concentrated termiticide that dilutes with water, specially formulated to prevent 
termite infestation. Fuel oil will not be permitted as a dilutent. Provide a solution consisting of one 
of following chemical elements. 

1. Products:  Subject to compliance with requirements, provide one of the following: 
a. Termidor SC as manufactured by BASF. 
b. Premise 75 as manufactured by Bayer. 

B. Dilute with water to concentration level recommended by manufacturer. 

C. A green/blue dye shall be added to the mix for identification. 
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PART 3 - EXECUTION 

3.1 SOIL TREATMENT SOLUTION 

A. EPA and Florida Department of Agriculture & Consumer Services approved emulsible concentrate 
insecticide for dilution with water, specially formulated to prevent infestation by termites. 

B. Fuel oil is not permitted as a diluent. 

C. Use only soil treatment solutions, which are not injurious to planting or protected wild life. 

3.2 INSPECTION 

A. Before applying soil treatment for termites, examine areas and conditions; notify the Architect in 
writing of conditions detrimental to the proper and timely completion of the work. 

1. Do not proceed with the work until conditions are satisfactory. 

B. Verify that final grading is complete. 

C. Examine the substrates and conditions under which work of this section will be performed.  Do not 
proceed until unsatisfactory conditions detrimental to timely and proper completion of the work have 
been corrected. 

D. Verify that the site conditions under the slab(s) are proper for the installation of termite barrier 
system as specified and in accordance with manufacturer’s printed instructions.  Prior to 
installation, verify that: 

1. The ground has been cleared of wood scraps such as ground stakes, forms, and other 
termite food sources. 

2. The work area has been filled with finely graded soil consisting of particle sizes no larger 
than 1 in and compacted to eliminate soil movement. 

3. Footings and foundations, and outer forms are in place. 
4. Communications, electrical, and plumbing penetrating pipes are in place. 
5. Sand system:  Prior to placing material, remove visible plant roots and standing water from 

the excavated area.  Verify that utility trenches are sufficiently wide to permit adequate cover 
under, around, and over pipes and conduit that will be encapsulated with the termite sand 
barrier.  Verify that the foundation perimeter has sufficient room between the sides of 
excavations and edges of foundations to provide the required barrier depth and width. 

3.3 GENERAL 

A. Surface Preparation: 

1. Remove foreign matter that could decrease effectiveness of treatment on areas to be 
treated. 

2. Loosen, rake and level soil-requiring treatment, except previously compacted areas under 
slabs and foundations. 
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B. Application Rates:  Apply soil treatment solution as specified and in strict accordance with 
Manufacturer's recommendation for mixing and application. 

1. Allow not less than 12 hours for drying after application, before beginning concrete 
placement or other construction activities. 

2. Post signs in the areas of application warning workers of soil poisoning. 
a. Remove signs before other construction covers the. 

3. Reapply soil treatment solution to areas disturbed by subsequent excavation or other 
construction activities following initial application. 

3.4 APPLICATION 

A. Apply soil treatment chemical to soil and earth which will be covered by or lie adjacent to buildings.  
Treat masonry foundations.  Treat areas around pipes and conduits penetrating slabs on fill to 
provide a lethal barrier to subterranean termites. 

B. Apply chemical solution after subgrade has been made ready for placement of any floor slab vapor 
barrier, and as soon as practical prior to placement of concrete slabs and caps on masonry piers.  
Apply treatment only after all piling, pile caps, grade beams, foundation walls, and below grade 
waterproofing shall have been completed. 

C. Apply treatment at least 12 hours prior to placement of concrete slabs during normal working hours 
in order to be subject to inspection.  Notify applicator at least 24 hours prior to time application of 
chemical will be required. 

D. Apply termiticide mixture to the following: 

1. Soil and earth that will be covered by the buildings and soil and earth that is within 5' of the 
buildings. 

2. Masonry foundations. 
3. Areas around pipes and conduits penetrating slabs on fill to provide lethal barrier to 

subterranean termites. 

3.5 SOIL CONDITIONS 

A. Apply chemical when moisture content of soil is sufficiently low to allow uniform distribution of 
chemical throughout specified areas. 

 
 
END OF SECTION 31 31 00 
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SECTION 31 50 00- EXCAVATION SUPPORT AND PROTECTION   

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS  
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. This Section includes excavation support and protection systems. 
 
 

1.3 PERFORMANCE REQUIREMENTS  

 

A. Design, provide, monitor, and maintain an anchored and braced excavation support and 
protection system capable of resisting soil and hydrostatic pressure and supporting sidewalls 
of excavations. 
 
1.  Work includes removing excavation support and protection systems when no longer 

needed. 
2.  Prevent surface water from entering excavations by grading, dikes, or other means. 
3.  Install excavation support and protection systems without damaging existing 

buildings, pavements, and other improvements adjacent to excavation. 
 
 

1.4 SUBMITTALS  

 

A. Shop Drawings:  Prepared by or under the supervision of a qualified professional engineer for 

excavation support and protection systems.  System design and calculations must be 

acceptable to authorities having jurisdiction. 

 

1.  Include Shop Drawings signed and sealed by the qualified professional engineer 

responsible for their preparation. 

 

B. Qualification Data:  For firms and persons specified in "Quality Assurance" Article to 

demonstrate their capabilities and experience.  Include lists of completed projects with project 

names and addresses, names and addresses of engineers and owners, and other 

information specified. 

 

C. Construction Video Recording according to Division 1 Section “01 32 33 Photographic 

Documentation.” 

 

 

1.5 QUALITY ASSURANCE  
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A. Installer Qualifications:  Engage an experienced installer to assume engineering responsibility 
and perform work of this Section who has specialized in installing excavation support and 
protection systems similar to those required for this Project and with a record of successful in-
service performance. 
 

B. Professional Engineer Qualifications:  A professional engineer who is legally qualified to 
practice in the jurisdiction where the Project is located and who is experienced in providing 
engineering services for designing excavation support and protection systems that are similar 
to those indicated for this Project in material, design, and extent. 

 

 
1.  Engineering Responsibility:  Engage a qualified professional engineer to prepare or 

supervise the preparation of data for the excavation support and protection system 
including drawings and comprehensive engineering analysis that shows the system's 
compliance with specified requirements. 
 
 

1.6 PROJECT CONDITIONS  

 

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by the Owner or others 
unless permitted in writing by the Engineer and then only after arranging to provide temporary 
utility services according to requirements indicated. 
 

B. Project Site Information:  A geotechnical report has been prepared for this Project and is 
available for information only.  The report is not part of the Contract Documents.  The 
opinions expressed in this report are those of the geotechnical engineer and represent 
interpretations of the subsoil conditions, tests, and results of analyses conducted by the 
geotechnical engineer.  Owner will not be responsible for interpretations or conclusions 
drawn from this data by Contractor. 
 
1.  Make additional test borings and conduct other exploratory operations as necessary. 
2.  The geotechnical report is included elsewhere in the Project Manual. 
3.  The geotechnical report is referenced elsewhere in the Project Manual. 

 
C. Survey adjacent structures and improvements, employing a qualified professional engineer or 

surveyor; establish exact elevations at fixed points to act as benchmarks.  Clearly identify 
bench-marks and record existing elevations. 
 
1.  During installation of excavation support and protection systems, regularly resurvey 

bench marks, maintaining an accurate log of surveyed elevations for comparison with 
original elevations.  Promptly notify Engineer if changes in elevations occur or if 
cracks, sags, or other damage is evident in adjacent construction. 
 
 

 

PART 2- PRODUCTS  

 

  

2.1 MATERIALS  

 

A. Materials need not be new but must be in serviceable condition. 

 

B. Structural Steel:  ASTM A 36. 
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C. Steel Sheet Piling:  ASTM A 328 or ASTM A 572. 

 

 

PART 3- EXECUTION  

 

 

3.1 PREPARATION  

 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused 

by settlement, lateral movement, undermining, washout, and other hazards that could 

develop during excavation support and protection system operations. 

 

1.  Shore, support, and protect utilities encountered. 

 

B. Install excavation support and protection systems to ensure minimum interference with roads, 

streets, walks, and other adjacent occupied and used facilities. 

 

1.  Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 

without permission from Owner and authorities having jurisdiction.  Provide alternate 

routes around closed or obstructed traffic ways if required by governing regulations. 

 

C. Locate excavation support and protection systems clear of permanent construction and to 

permit forming and finishing of concrete surfaces. 

 

D. Monitor excavation support and protection systems daily during excavation progress and for 

as long as excavation remains open.  Promptly correct bulges, breakage, or other evidence 

of movement to ensure excavation support and protection systems remain stable. 

 

E. Promptly repair damages to adjacent facilities caused by installing excavation support and 

protection systems. 

 

 

3.2 SHEET PILING   

 

A. Install one-piece sheet piling and tightly interlock to form a continuous barrier.  Accurately 

align exposed faces of sheet piling to vary not more than 2 inches from a horizontal line and 

not more than 1:120 out of vertical alignment.  Cut tops of sheet piling to uniform elevation at 

top of excavation. 

 

3.3 TIEBACKS 

 

A. Tiebacks:  Drill for, install, tension, and grout tiebacks into position.  Test load-carrying 

capacity of each tieback and replace and retest deficient tiebacks. 

 

 

3.4 BRACING 

 

A. Bracing:  Locate bracing to clear columns, floor framing construction, and other permanent 

work.  If necessary to move a brace, install new bracing before removing original brace. 
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1.  Do not place bracing where it will be cast into or included in permanent concrete 

work, unless otherwise approved by Engineer. 

2.  Install internal bracing, if required, to prevent spreading or distortion of braced 

frames. 

3.  Maintain bracing until structural elements are supported by other bracing or until 

permanent construction is able to withstand lateral earth and hydrostatic pressures. 

 

 

3.5 REMOVAL AND REPAIRS 

 

A. Remove excavation support and protection systems when construction has progressed 

sufficiently to support excavation and bear soil and hydrostatic pressures.  Remove in stages 

to avoid disturbing underlying soils and damaging structures, pavements, facilities, and 

utilities. 

 

1.  Remove excavation support and protection systems to a minimum depth of 48” below 

overlying construction and abandon remainder. 

2.  Repair or replace, as approved by Engineer, adjacent work damaged or displaced by 

removing excavation support and protection systems. 

 

B. Leave excavation support and protection systems permanently in place. 

 

END OF SECTION 31 50 00 
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SECTION 32 13 13- CONCRETE PAVING   

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. This Section includes exterior cement concrete pavement for the following: 
 
1.  Driveways and roadways. 

2.  Parking lots. 

3.  Curbs and gutters. 

4.  Walkways. 

 

 

1.3 DEFINITIONS  

 

A. Cementitious Materials:  Portland cement alone or in combination with one or more of 
blended hydraulic cement, expansive hydraulic cement, fly ash and other pozzolans, ground 
granulated blast- furnace slag, and silica fume. 
 

1.4 SUBMITTALS 

 

A. Product Data:  For each type of manufactured material and product indicated. 

 

B. Design Mixes:  For each concrete pavement mix.  Include alternate mix designs when 

characteristics of materials, project conditions, weather, test results, or other circumstances 

warrant adjustments. 

 

C. Samples:  10-lb (4.5-kg) sample of exposed aggregate. 

 

D. Material Test Reports:  From a qualified testing agency indicating and interpreting test results 

for compliance of the following with requirements indicated, based on comprehensive testing 

of current materials: 

 

E. Material Certificates:  Signed by manufacturers certifying that each of the following materials 

complies with requirements: 

 

1.  Cementitious materials and aggregates. 

2.  Steel reinforcement and reinforcement accessories. 

3.  Fiber reinforcement. 

4.  Admixtures. 
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5.  Curing compounds. 

6.  Applied finish materials. 

7.  Bonding agent or adhesive. 

8.  Joint fillers 

 

F. Minutes of pre-installation conference. 

 

 

1.5 QUALITY ASSURANCE   

 

A. Installer Qualifications:  An experienced installer who has completed pavement work similar 
in material, design, and extent to that indicated for this Project and whose work has resulted 
in construction with a record of successful in-service performance. 
 

B. Manufacturer Qualifications:  Manufacturer of ready-mixed concrete products complying with 
ASTM C 94 requirements for production facilities and equipment. 
 
1.  Manufacturer must be certified according to the National Ready Mix Concrete 

Association's Plant Certification Program. 
 

C. Testing Agency Qualifications:  An independent testing agency, acceptable to authorities 
having jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 to conduct the 
testing indicated, as documented according to ASTM E 548. 
 

D. Source Limitations:  Obtain each type or class of cementitious material of the same brand 
from the same manufacturer's plant and each aggregate from one source. 
 

E. ACI Publications:  Comply with ACI 301, "Specification for Structural Concrete," unless 
modified by the requirements of the Contract Documents. 
 

F. Concrete Testing Service:  Engage a qualified independent testing agency to perform 
material evaluation tests and to design concrete mixes. 
 

G. Mockups:  Cast mockups of full-size sections of concrete pavement to demonstrate typical 
joints, surface finish, texture, color, and standard of workmanship. 
 
1.  Build mockups in the location and of the size indicated or, if not indicated, as directed 

by Engineer. 
2.  Notify Engineer seven days in advance of dates and times when mockups will be 

constructed. 
3.  Obtain Engineer's approval of mockups before starting construction. 
4.  Maintain approved mockups during construction in an undisturbed condition as a 

standard for judging the completed pavement. 
5.  Demolish and remove approved mockups from the site when directed by Engineer. 
6.  Approved mockups may become part of the completed Work if undisturbed at time of 

Substantial Completion. 
 

H. Pre-installation Conference:  Conduct conference at Project site. 
 
1.  Before submitting design mixes, review concrete pavement mix design and examine 

procedures for ensuring quality of concrete materials.  Require representatives of 
each entity directly concerned with concrete pavement to attend, including the 
following: 
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a.  Contractor's superintendent. 
b.  Independent testing agency responsible for concrete design mixes. 
c.  Ready-mix concrete producer. 
d.  Concrete subcontractor. 

 
 

1.6 PROJECT CONDITIONS 
 

A. Traffic Control:  Maintain access for vehicular and pedestrian traffic as required for other 
construction activities. 
 
 
 

PART 2- PRODUCTS  

 

  

2.1 FORMS 

 

A. Form Materials:  Plywood, metal, metal-framed plywood, or other approved panel-type 

materials to provide full-depth, continuous, straight, smooth exposed surfaces. 

 

B. Form-Release Agent:  Commercially formulated form-release agent that will not bond with, 

stain, or adversely affect concrete surfaces and will not impair subsequent treatments of 

concrete surfaces. 

 

 

2.2 STEEL REINFORCEMENT 

 

A. Plain-Steel Welded Wire Fabric:  ASTM A 185, fabricated from as-drawn steel wire into flat 

sheets. 

 

B. Deformed-Steel Welded Wire Fabric:  ASTM A 497, flat sheet. 

 

C. Epoxy-Coated Welded Wire Fabric:  ASTM A 884/A 884M, Class A, plain steel. 

 

D. Reinforcement Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

 

E. Epoxy-Coated Reinforcement Bars:  ASTM A 775/A 775M; with ASTM A 615/A 615M, Grade 

60 (Grade 420), deformed bars. 

 

F. Steel Bar Mats:  ASTM A 184/A 184M; with ASTM A 615/A 615M, Grade 60 (Grade 420), 

deformed bars; assembled with clips. 

 

G. Plain Steel Wire:  ASTM A 82, as drawn. 

 

H. Epoxy-Coated Wire:  ASTM A 884/A 884M, Class A coated, plain steel. 

 

I. Joint Dowel Bars:  Plain steel bars, ASTM A 615/A 615M, Grade 60 (Grade 420).  Cut bars 

true to length with ends square and free of burrs. 
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J. Epoxy-Coated Joint Dowel Bars:  ASTM A 775/A 775M; with ASTM A 615/A 615M, Grade 60 

(Grade 420), plain steel bars. 

 

K. Tie Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

 

L. Hook Bolts:  ASTM A 307, Grade A (ASTM F 568M, Property Class 4.6), internally and 

externally threaded.  Design hook-bolt joint assembly to hold coupling against pavement form 

and in position during concreting operations, and to permit removal without damage to 

concrete or hook bolt. 

 

M. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and 

fastening reinforcement bars, welded wire fabric, and dowels in place.  Manufacture bar 

supports according To CRSI's "Manual of Standard Practice" from steel wire, plastic, or 

precast concrete or fiber-reinforced concrete of greater compressive strength than concrete, 

and as follows: 

 

1.  Equip wire bar supports with sand plates or horizontal runners where base material 

will not support chair legs. 

2.  For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer coated 

wire bar supports. 

 

N. Epoxy Repair Coating:  Liquid two-part epoxy repair coating, compatible with epoxy coating 

on reinforcement. 

 

 

2.3 CONCRETE MATERIALS  

 

A. General:  Use the same brand and type of cementitious material from the same manufacturer 

throughout the Project. 

 

B. Portland Cement:  ASTM C 150, Type I or II. 

 

1.  Fly Ash:  ASTM C 618, Class F or C. 

2.  Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 

 

C. Blended Hydraulic Cement:  ASTM C 595M, Type IS, portland blast-furnace slag cement. 

 

D. Blended Hydraulic Cement:  ASTM C 595M, Type IP portland pozzolan cement. 

 

E. Blended Hydraulic Cement:  ASTM C 595M, Type I (PM) pozzolan-modified portland cement. 

 

F. Blended Hydraulic Cement:  ASTM C 595M, Type I (SM) slag-modified portland cement. 

 

G. Aggregate:  ASTM C 33, uniformly graded, from a single source, with coarse aggregate as 

follows: 

 

1.  Class:  4S. 

2.  Maximum Aggregate Size:  1 inch (25 mm) nominal. 

3.  Do not use fine or coarse aggregates containing substances that cause spalling. 
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H. Exposed Aggregate:  Selected, hard, and durable; washed; free of material that reacts with 

cementitious material or causes staining; from a single source, with gap graded coarse 

aggregate as follows: 

 

1.  Aggregate Sizes:  3/8 to 5/8 inch (10 to 16 mm) nominal. 

 

I. Water:  ASTM C 94. 

 

 

2.4 ADMIXTURES 

 

A. General:  Admixtures certified by manufacturer to contain not more than 0.1% water-soluble 

chloride ions by mass of cement and to be compatible with other admixtures. 

 

B. Air-Entraining Admixture:  ASTM C 260. 

 

C. Water-Reducing Admixture:  ASTM C 494, Type A. 

 

D. High-Range, Water-Reducing Admixture:  ASTM C 494, Type F. 

 

E. Water-Reducing and Accelerating Admixture:  ASTM C 494, Type E. 

 

F. Water-Reducing and Retarding Admixture:  ASTM C 494, Type D. 

 

 

2.5 FIBER REINFORCEMENT 

 

A. Synthetic Fiber:  Fibrillated polypropylene fibers engineered and designed for use in concrete 

pavement, complying with ASTM C 1116, Type III, 1/2 to 1-1/2 inches (13 to 38 mm) long. 

 

B. Available Products:  Subject to compliance with requirements, products that may be 

incorporated into the Work include, but are not limited to, the following: 

 

C. Products:  Subject to compliance with requirements, provide one of the following: 

 

1.  Fibrillated Fibers: 

 

a.  Fibrasol F; Axim Concrete Technologies. 

b.  Fibermesh; Fibermesh, Div. of Synthetic Technologies. 

c.  Forta; Forta Corporation. 

d.  Grace Fibers; W. R. Grace & Co., Construction Products Div. 

 

 

2.6 CURBING MATERIALS 

 

A. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 

approximately 9 oz./sq. yd. (305 g/sq. m) dry. 

 

B. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 

sheet. 
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C. Water:  Potable. 

 

D. Evaporation Retarder:  Waterborne, monomolecular film forming, manufactured for 

application to fresh concrete. 

 

E. Clear Solvent-Borne Liquid-Membrane-Forming Curing Compound:  ASTM C 309, Type 1, 

Class B. 

 

F. Clear Waterborne Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B. 

 

G. White Waterborne Membrane-Forming Curing Compound:  ASTM C 309, Type 2, Class B. 

 

H. Available Products:  Subject to compliance with requirements, products that may be 

incorporated into the Work include, but are not limited to, the following: 

 

I. Products:  Subject to compliance with requirements, provide one of the following 

 

1.  Evaporation Retarder: 

 

a.  Cimfilm; Axim Concrete Technologies. 

b.  Finishing Aid Concentrate; Burke Group, LLC (The). 

c.  Spray-Film; ChemMasters. 

d.  Aquafilm; Conspec Marketing & Manufacturing Co., Inc. 

e.  Sure Film; Dayton Superior Corporation. 

f.  Eucobar; Euclid Chemical Co. 

g.  Vapor Aid; Kaufman Products, Inc. 

h.  Lambco Skin; Lambert Corporation. 

i.  E-Con; L&M Construction Chemicals, Inc. 

j.  Confilm; Master Builders, Inc. 

k.  Waterhold; Metalcrete Industries. 

l.  Rich Film; Richmond Screw Anchor Co. 

m.  SikaFilm; Sika Corporation. 

n.  Finishing Aid; Symons Corporation. 

o.  Certi-Vex EnvioAssist; Vexcon Chemicals, Inc. 

 

2.  Clear Solvent-Borne Liquid-Membrane-Forming Curing Compound: 

 

a.  AH Curing Compound #2 DR; Anti-Hydro International, Inc. 

b.  Res-X Cure All Resin; Burke Group, LLC (The). 

c.  RX Cure; Conspec Marketing & Manufacturing Co., Inc. 

d.  Day-Chem Rez Cure; Dayton Superior Corporation. 

e.  Kurez DR; Euclid Chemical Co. 

f.  Nitocure S; Fosroc. 

g.  #64 Resin Cure; Lambert Corporation. 

h.  L&M Cure DR; L&M Construction Chemicals, Inc. 

i.  3100-Clear; W. R. Meadows, Inc. 

j.  Seal N Kure FDR; Metalcrete Industries. 

k.  Rich Cure; Richmond Screw Anchor Co. 

l.  Resi-Chem C309; Symons Corporation. 
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m.  Horncure 30; Tamms Industries Co., Div. of LaPorte Construction Chemicals 

North America, Inc. 

n.  Uni Res 150; Unitex. 

o.  Certi-Vex RC; Vexcon Chemicals, Inc. 

 

3.  Clear Waterborne Membrane-Forming Curing Compound: 

a.  AH Curing Compound #2 DR WB; Anti-Hydro International, Inc. 

b.  Aqua Resin Cure; Burke Group, LLC (The). 

c.  Safe-Cure Clear; ChemMasters. 

d.  W.B. Resin Cure; Conspec Marketing & Manufacturing Co., Inc. 

e.  Day Chem Rez Cure (J-11-W); Dayton Superior Corporation. 

f.  Nitocure S; Fosroc. 

g.  Aqua Kure-Clear; Lambert Corporation. 

h.  L&M Cure R; L&M Construction Chemicals, Inc. 

i.  1100 Clear; W. R. Meadows, Inc. 

j.  Resin Cure E; Nox-Crete Products Group, Kinsman Corporation. 

k.  Rich Cure E; Richmond Screw Anchor Co. 

l.  Resi-Chem Clear Cure; Symons Corporation. 

m.  Horncure 100; Tamms Industries Co., Div. of LaPorte Construction Chemicals 

North America, Inc. 

n.  Hydro Cure; Unitex. 

o.  Certi-Vex Enviocure; Vexcon Chemicals, Inc 

 

4.  White Waterborne Membrane-Forming Curing Compound: 

 

a.  AH Curing Compound #2 WB WP; Anti-Hydro International, Inc. 

b.  Aqua Resin Cure; Burke Group, LLC (The). 

c.  W.B. Resin Cure; Conspec Marketing & Manufacturing Co., Inc. 

d.  Thinfilm 450; Kaufman Products, Inc. 

e.  Aqua Kure-White; Lambert Corporation. 

f.  L&M Cure R-2; L&M Construction Chemicals, Inc. 

g.  1200-White; W. R. Meadows, Inc. 

h.  White Pigmented Resin Cure E; Nox-Crete Products Group, Kinsman 

Corporation. 

i.  Rich Cure White E; Richmond Screw Anchor Co. 

j.  Resi-Chem High Cure; Symons Corporation. 

k.  Horncure 200-W; Tamms Industries Co., Div. of LaPorte Construction Chemicals 

North America, Inc. 

l.  Hydro White 309; Unitex. 

 

2.7 RELATED MATERIALS  

 

A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber, 

or ASTM D 1752, cork or self-expanding cork. 

 

B. Pavement-Marking Paint:  Alkyd-resin type; ready mixed; complying with FS TT-P-115, Type 

I, or AASHTO M 248, Type N. 

 

1.  Color:  Blue for handicapped requirements, white elsewhere. 
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C. Wheel Stops:  Precast, air-entrained concrete; 2500-psi (17.2-MPa) minimum compressive 

strength; approximately 6” (150 mm) high, 9” (225 mm) wide, and 84” (2130 mm) long.  

Provide chamfered corners and drainage slots on underside, and provide holes for dowel-

anchoring to substrate. 

 

1.  Dowels:  Galvanized steel, diameter of ¾” (19 mm), minimum length 10” (254 mm). 

 

D. Slip-Resistive Aggregate Finish:  Factory-graded, packaged, rustproof, nonglazing, abrasive 

aggregate of fused aluminum-oxide granules or crushed emery with emery aggregate 

containing not less than 50% aluminum oxide and not less than 25% ferric oxide; unaffected 

by freezing, moisture, and cleaning materials. 

 

E. Bonding Agent:  ASTM C 1059, Type II, non-redispersible, acrylic emulsion or styrene 

butadiene. 

 

F. Rock Salt:  Sodium chloride crystals, kiln dried, coarse gradation with 100% passing 3/8” 

(9.5-mm) sieve and 85% retained on a No. 8 (2.36-mm) sieve. 

 

G. Epoxy Bonding Adhesive:  ASTM C 881, two-component epoxy resin, capable of humid 

curing and bonding to damp surfaces, of class and grade to suit requirements, and as 

follows: 

1.  Type II, non-load bearing, for bonding freshly mixed concrete to hardened concrete. 

2.  Types I and II, non-load bearing, for bonding hardened or freshly mixed concrete to 

hardened concrete. 

3.  Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to 

hardened concrete. 

 

H. Chemical Surface Retarder:  Water-soluble, liquid set retarder with color dye, for horizontal 

concrete surface application, capable of temporarily delaying final hardening of concrete to a 

depth of 1/8 to 1/4 inch (3 to 6 mm). 

 

I. Available Products:  Subject to compliance with requirements, products that may be 

incorporated into the Work include, but are not limited to, the following: 

 

1.  Chemical Surface Retarder: 

 

a.  True Etch Surface Retarder; Burke Group, LLC (The). 

b.  Exposee; ChemMasters. 

c.  Delay S; Conspec Marketing & Manufacturing Co., Inc. 

d.  Concrete Surface Retarders; Euclid Chemical Co. 

e.  Expose; Kaufman Products, Inc. 

f.  Surftard; Metalcrete Industries. 

g.  Crete-Nox TA; Nox-Crete Products Group, Kinsman Corporation. 

h.  Lithotex; L. M. Scofield Co. 

i.  Rugasol-S; Sika Corporation. 

j.  Certi-Vex Envioset; Vexcon Chemicals, Inc. 

 

2.  Colored Dry-Shake Hardener: 

 

a.  Conshake 600 Colortone; Conspec Marketing & Manufacturing Co., Inc. 
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b.  Quartz Tuff; Dayton Superior Corporation. 

c.  Surflex; Euclid Chemical Co. 

d.  Colorhard; Lambert Corporation. 

e.  Quartz Plate; L&M Construction Chemicals, Inc. 

f.  Colorcron; Master Builders, Inc. 

g.  Floor Quartz; Metalcrete Industries. 

h.  Richmond Hard Top; Richmond Screw Anchor Co. 

i.  Lithochrome Color Hardener; L. M. Scofield Co. 

j.  Harcol; Sonneborn, Div. of ChemRex, Inc. 

k.  Hard Top; Symons Corporation. 

 

 

2.8 CONCRETE MIXES 

 

A. Prepare design mixes, proportioned according to ACI 211.1 and ACI 301, for each type and 

strength of normal-weight concrete determined by either laboratory trial mixes or field 

experience. 

 

B. Use a qualified independent testing agency for preparing and reporting proposed mix designs 

for the trial batch method. 

 

1.  Do not use Owner's field quality-control testing agency as the independent testing 

agency. 

 

C. Proportion mixes to provide concrete with the following properties: 

 

1.  Compressive Strength (28 Days):  3000 psi (20.7 MPa). 

2.  Maximum Water-Cementitious Materials Ratio:  0.45. 

3.  Slump Limit:  3 inches (75 mm). 

 

a.  Slump Limit for Concrete Containing High-Range Water-Reducing Admixture:  

Not more than 8” (200 mm) after adding admixture to plant- or site-verified, 2- to 

3-inch (50- to 75-mm) slump. 

 

D. Cementitious Materials:  Limit percentage, by weight, of cementitious materials other than 

Portland cement according to ACI 301 requirements for concrete exposed to deicing 

chemicals. 

 

E. Cementitious Materials:  Limit percentage, by weight, of cementitious materials other than 

Portland cement in concrete as follows: 

 

1.  Combined Fly Ash and Pozzolan:  25% 

 

F. Add air-entraining admixture at manufacturer's prescribed rate to result in concrete at point of 

placement having an air content of 2.5 to 4.5 percent. 

 

G. Synthetic Fiber:  Uniformly disperse in concrete mix at manufacturer's recommended rate, but 

not less than 1.0 lb/cu. yd. (0.60 kg/cu. m). 
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2.9 CONCRETE MIXING  

 

A. Ready-Mixed Concrete:  Comply with requirements and with ASTM C 94. 

 

B. Ready-Mixed Concrete:  Comply with requirements and with ASTM C 94 and ASTM C 1116. 

 

1.  When air temperature is between 85°F (30°C) and 90°F (32°C), reduce mixing and 

delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90°F 

(32°C), reduce mixing and delivery time to 60 minutes. 

 

C. Project-Site Mixing:  Comply with requirements and measure, batch, and mix concrete 

materials and concrete according to ASTM C 94.  Mix concrete materials in appropriate 

drum-type batch machine mixer. 

 

1.  For mixers of 1 cu. yd. (0.76 cu. m) or smaller capacity, continue mixing at least one 

and one-half minutes, but not more than five minutes after ingredients are in mixer, 

before any part of batch is released. 

2.  For mixers of capacity larger than 1 cu. yd. (0.76 cu. m), increase mixing time by 15 

seconds for each additional 1 cu. yd. (0.76 cu. m). 

3.  Provide batch ticket for each batch discharged and used in the Work, indicating 

Project identification name and number, date, mix type, mix time, quantity, and 

amount of water added. 

 

 

 

PART 3- EXECUTION  

 

 

3.1 PREPARATION  

 

A. Proof-roll prepared subbase surface to check for unstable areas and verify need for additional 

compaction.  Proceed with pavement only after nonconforming conditions have been 

corrected and sub-grade is ready to receive pavement. 

 

B. Remove loose material from compacted subbase surface immediately before placing 

concrete. 

 

 

3.2  EDGE FORMS AND SCREED CONSTRUCTION 

 

A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for pavement 

to required lines, grades, and elevations.  Install forms to allow continuous progress of work 

and so forms can remain in place at least 24 hours after concrete placement. 

 

B. Clean forms after each use and coat with form release agent to ensure separation from 

concrete without damage. 

 

 

3.3 STEEL REINFORCEMENT   
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A. General:  Comply with CRSI's "Manual of Standard Practice" for fabricating reinforcement 

and with recommendations in CRSI's "Placing Reinforcing Bars" for placing and supporting 

reinforcement. 

 

B. Clean reinforcement of loose rust and mill scale, earth, ice, or other bond-reducing materials. 

 

C. Arrange, space, and securely tie bars and bar supports to hold reinforcement in position 

during concrete placement.  Maintain minimum cover to reinforcement. 

 

D. Install welded wire fabric in lengths as long as practicable.  Lap adjoining pieces at least one 

full mesh, and lace splices with wire.  Offset laps of adjoining widths to prevent continuous 

laps in either direction. 

 

E. Install fabricated bar mats in lengths as long as practicable.  Handle units to keep them flat 

and free of distortions.  Straighten bends, kinks, and other irregularities, or replace units as 

required before placement.  Set mats for a minimum 2-inch (50-mm) overlap to adjacent 

mats. 

 

 

3.4 JOINTS 

 

A. General:  Construct construction, isolation, and contraction joints and tool edgings true to line 

with faces perpendicular to surface plane of concrete.  Construct transverse joints at right 

angles to center line, unless otherwise indicated. 

 

1.  When joining existing pavement, place transverse joints to align with previously 

placed joints, unless otherwise indicated. 

 

B. Construction Joints:  Set construction joints at side and end terminations of pavement and at 

locations where pavement operations are stopped for more than one-half hour, unless 

pavement terminates at isolation joints. 

 

1.  Provide preformed galvanized steel or plastic keyway-section forms or bulkhead 

forms with keys, unless otherwise indicated.  Embed keys at least 1-1/2 inches (38 

mm) into concrete. 

2.  Continue reinforcement across construction joints, unless otherwise indicated.  Do 

not continue reinforcement through sides of pavement strips, unless otherwise 

indicated. 

3.  Provide tie bars at sides of pavement strips where indicated. 

4.  Use a bonding agent at locations where fresh concrete is placed against hardened or 

partially hardened concrete surfaces. 

5.  Use epoxy bonding adhesive at locations where fresh concrete is placed against 

hardened or partially hardened concrete surfaces. 

 

C. Isolation Joints:  Form isolation joints of preformed joint-filler strips abutting concrete curbs, 

catch basins, manholes, inlets, structures, walks, other fixed objects, and where indicated. 

 

1.  Locate expansion joints at intervals of 50 feet (15.25 m), unless otherwise indicated. 

2.  Extend joint fillers full width and depth of joint. 
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3.  Terminate joint filler less than 1/2 inch (12 mm) or more than 1 inch (25 mm) below 

finished surface if joint sealant is indicated. 

4.  Place top of joint filler flush with finished concrete surface if joint sealant is not 

indicated. 

5.  Furnish joint fillers in one-piece lengths.  Where more than one length is required, 

lace or clip joint-filler sections together. 

6.  Protect top edge of joint filler during concrete placement with metal, plastic, or other 

temporary preformed cap.  Remove protective cap after concrete has been placed on 

both sides of joint. 

 

D. Install dowel bars and support assemblies at joints where indicated.  Lubricate or asphalt-

coat one-half of dowel length to prevent concrete bonding to one side of joint. 

 

E. Contraction Joints:  Form weakened-plane contraction joints, sectioning concrete into areas 

as indicated. Construct contraction joints for a depth equal to at least one-fourth of the 

concrete thickness, as follows: 

 

1.  Grooved Joints:  Form contraction joints after initial floating by grooving and finishing 

each edge of joint with groover tool to the following radius.  Repeat grooving of 

contraction joints after applying surface finishes.  Eliminate groover marks on 

concrete surfaces. 

 

a.  Radius:  1/4 inch (6 mm). 

 

2.  Sawed Joints:  Form contraction joints with power saws equipped with shatterproof 

abrasive or diamond-rimmed blades.  Cut 1/8-inch- (3-mm-) wide joints into concrete 

when cutting action will not tear, abrade, or otherwise damage surface and before 

developing random contraction cracks. 

 

F. Edging:  Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating 

with an edging tool to the following radius.  Repeat tooling of edges after applying surface 

finishes.  Eliminate tool marks on concrete surfaces. 

 

1.  Radius:  1/4 inch (6 mm). 

 

 

3.5 CONCRETE PLACEMENT 

 

A. Inspection:  Before placing concrete, inspect and complete formwork installation, 

reinforcement steel, and items to be embedded or cast in.  Notify other trades to permit 

installation of their work. 

 

B. Remove snow, ice, or frost from sub-base surface and reinforcement before placing concrete.  

Do not place concrete on frozen surfaces. 

 

C. Moisten sub-base to provide a uniform dampened condition at the time concrete is placed.  

Do not place concrete around manholes or other structures until they are at the required 

finish elevation and alignment. 
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D. Comply with requirements and with recommendations in ACI 304R for measuring, mixing, 

transporting, and placing concrete. 

 

E. Do not add water to concrete during delivery, at Project site, or during placement. 

 

F. Deposit and spread concrete in a continuous operation between transverse joints.  Do not 

push or drag concrete into place or use vibrators to move concrete into place. 

 

G. Consolidate concrete by mechanical vibrating equipment supplemented by hand-spading, 

rodding, or  tamping.  Use equipment and procedures to consolidate concrete according to 

recommendations in ACI 309R. 

 

1.  Consolidate concrete along face of forms and adjacent to transverse joints with an 

internal vibrator.  Keep vibrator away from joint assemblies, reinforcement, or side 

forms.  Use only square-faced shovels for hand-spreading and consolidation.  

Consolidate with care to prevent dislocating reinforcement, dowels, and joint devices. 

 

H. Place concrete in two operations; strike off initial pour for entire width of placement and to the 

required depth below finish surface.  Lay welded wire fabric or fabricated bar mats 

immediately in final position.  Place top layer of concrete, strike off, and screed. 

 

1.  Remove and replace portions of bottom layer of concrete that have been placed 

more than 15 minutes without being covered by top layer, or use bonding agent if 

approved by Engineer. 

 

I. Screed pavement surfaces with a straightedge and strike off.  Commence initial floating using 

bull floats or derbies to form an open textured and uniform surface plane before excess 

moisture or bleed water appears on the surface.  Do not further disturb concrete surfaces 

before beginning finishing operations or spreading dry-shake surface treatments. 

 

J. Curbs and Gutters:  When automatic machine placement is used for curb and gutter 

placement, submit revised mix design and laboratory test results that meet or exceed 

requirements.  Produce curbs and gutters to required cross section, lines, grades, finish, and 

jointing as specified for formed concrete.  If results are not approved, remove and replace 

with formed concrete. 

 

K. Slip-Form Pavers:  When automatic machine placement is used for pavement, submit revised 

mix design and laboratory test results that meet or exceed requirements.  Produce pavement 

to required thickness, lines, grades, finish, and jointing as required for formed pavement. 

 

1.  Compact sub-base and prepare sub-grade of sufficient width to prevent displacement 

of paver machine during operations. 

 

L. When adjoining pavement lanes are placed in separate pours, do not operate equipment on 

concrete until pavement has attained 85 percent of its 28-day compressive strength. 

 

M. Cold-Weather Placement:  Comply with ACI 306.1 and as follows.  Protect concrete work 

from physical damage or reduced strength that could be caused by frost, freezing actions, or 

low temperatures. When air temperature has fallen to or is expected to fall below 40°F 

(4.4°C), uniformly heat water and aggregates before mixing to obtain a concrete mixture 



St. Johns River State College 

Library Renovation & Addition  

Phase: Construction Documents  

Bid Number: BID-SJR-03-2019 

 

©2020, HJ/PROJ. #18064.00                                CONCRETE PAVING  32 13 13 - 14  

 

temperature of not less than 50°F (10°C) and not more than 80°F (27°C) at point of 

placement. 

 

N. Hot-Weather Placement:  Place concrete according to recommendations in ACI 305R and as 

follows when hot-weather conditions exist: 

 

1.  Cool ingredients before mixing to maintain concrete temperature at time of placement 

below 90°F (32°C).  Chilled mixing water or chopped ice may be used to control 

temperature, provided water equivalent of ice is calculated to total amount of mixing 

water.  Using liquid nitrogen to cool concrete is Contractor's option. 

2.  Cover reinforcement steel with water-soaked burlap so steel temperature will not 

exceed ambient air temperature immediately before embedding in concrete. 

3.  Fog-spray forms, reinforcement steel, and subgrade just before placing concrete.  

Keep  

4.  Sub-grade moisture uniform without standing water, soft spots, or dry areas. 

 

 

3.6 CONCRETE FINISHING   

 

A. General:  Wetting of concrete surfaces during screeding, initial floating, or finishing 

operations is prohibited. 

 

B. Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared 

and the concrete surface has stiffened sufficiently to permit operations.  Float surface with 

power-driven floats, or by hand floating if area is small or inaccessible to power units.  Finish 

surfaces to true planes.  Cut down high spots, and fill low spots.  Refloat surface immediately 

to uniform granular texture. 

 

1.  Burlap Finish:  Drag a seamless strip of damp burlap across float-finished concrete, 

perpendicular to line of traffic, to provide a uniform, gritty texture. 

2.  Medium-to-Fine-Textured Broom Finish:  Draw a soft bristle broom across float-

finished concrete surface perpendicular to line of traffic to provide a uniform, fine-line 

texture. 

3.  Medium-to-Coarse-Textured Broom Finish:  Provide a coarse finish by striating float-

finished concrete surface 1/16 to 1/8 inch (1.6 to 3 mm) deep with a stiff-bristled 

broom, perpendicular to line of traffic. 

 

 

3.7 SPECIAL FINISHES 

 

A. Monolithic Exposed Aggregate Finish:  Expose coarse aggregate to pavement surfaces as 

follows: 

 

1.  Immediately after floating, spray-apply chemical surface retarder to pavement 

according to manufacturer's written instructions. 

2.  Cover with plastic sheeting, sealing laps with tape, and remove when ready to 

continue finishing operations. 

3.  Without dislodging aggregate, remove excess mortar by lightly brushing surface with 

a stiff, nylon bristle broom. 
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4.  Fine-spray surface with water and brush.  Repeat water flushing and brushing cycle 

until cement film is removed from aggregate surfaces to depth required. 

 

B. Seeded Exposed Aggregate Finish:  Immediately after floating, broadcast a single layer of 

aggregate uniformly onto the pavement surface.  Tamp seeded aggregate into plastic 

concrete, and float to entirely embed aggregate with mortar cover of 1/16 inch (1.6 mm). 

 

1.  Spray-apply chemical surface retarder to pavement according to manufacturer's 

written instructions. 

2.  Cover pavement surface with plastic sheeting, sealing laps with tape, and remove 

when ready to continue finishing operations. 

3.  Without dislodging aggregate, remove excess mortar by lightly brushing surface with 

a stiff, nylon bristle broom. 

4.  Fine-spray surface with water and brush.  Repeat water flushing and brushing cycle 

until cement film is removed from aggregate surfaces to depth required. 

 

C. Slip-Resistant Aggregate Finish:  Before final floating, apply slip-resistant aggregate finish to 

pavement surfaces according to manufacturer's written instructions and as follows: 

 

1.  Uniformly spread 25 lb/100 sq. ft. (12 kg/10 sq. m) of dampened nonslip aggregate 

over the surface.  Tamp aggregate flush with surface using a steel trowel, but do not 

force below surface. 

2.  After curing, lightly work surface with a steel wire brush or an abrasive stone, and 

water to expose nonslip aggregate. 

 

D. Rock-Salt Finish:  After initial floating, uniformly seed 5 lb/100 sq. ft. (0.2 kg/10 sq. m) over 

the concrete surface. 

 

1.  Cover surface with 1-mil- (0.025-mm-) thick polyethylene sheet and remove when 

concrete has hardened and seven-day curing period has elapsed. 

2.  Embed rock salt into plastic concrete, power float concrete, and trowel finish. 

3.  After seven-day curing period, saturate concrete with water and broom-sweep 

surface to dissolve remaining rock salt. 

 

E. Colored Dry-Shake Hardener Finish:  After initial floating, apply colored dry-shake materials 

to pavement surfaces according to manufacturer's written instructions and as follows: 

 

1.  Uniformly apply colored dry-shake materials at a rate of 100 lb/100 sq. ft. (49 kg/10 

sq. m), unless greater amount is recommended by manufacturer to match pavement 

color required. 

2.  Uniformly distribute approximately two-thirds of colored dry-shake material over the 

concrete surface with mechanical spreader, and embed by power floating.  Follow 

power floating with a second shake application, uniformly distributing remainder of 

dry-shake material to ensure uniform color, and embed by power floating. 

3.  After final floating, apply a hand-trowel finish followed by a broom finish to concrete.  

Cure concrete with curing compound recommended by dry-shake material 

manufacturer.  Apply curing compound immediately after final finishing. 

 

 

3.8 CONCRETE PROTECTION AND CURING 
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A. Disposal:  Remove surplus soil material, unsuitable topsoil, obstructions, demolished 

materials, and waste materials, including trash and debris, and legally dispose of them off 

Owner's property. 

 

B. Evaporation Retarder:  Apply evaporation retarder to concrete surfaces if hot, dry, or windy 

conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and 

during finishing operations.  Apply according to manufacturer's written instructions after 

placing, screeding, and bull floating or darbying concrete, but before float finishing. 

 

C. Begin curing after finishing concrete, but not before free water has disappeared from 

concrete surface. 

 

D. Curing Methods:  Cure concrete by moisture curing, moisture-retaining-cover curing, curing 

compound, or a combination of these as follows: 

 

1.  Moisture Curing:  Keep surfaces continuously moist for not less than seven days with 

the following materials: 

 

a.  Water. 

b.  Continuous water-fog spray. 

c.  Absorptive cover, water saturated, and kept continuously wet.  Cover concrete 

surfaces and edges with 12” (300-mm) lap over adjacent absorptive covers. 

 

2.  Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining 

cover for curing concrete, placed in widest practicable width, with sides and ends 

lapped at least 12” (300 mm), and sealed by waterproof tape or adhesive.  

Immediately repair any holes or tears during curing period using cover material and 

waterproof tape. 

3.  Curing Compound:  Apply uniformly in continuous operation by power spray or roller 

according to manufacturer's written instructions.  Recoat areas subjected to heavy 

rainfall within 3 hours after initial application.  Maintain continuity of coating and repair 

damage during curing period. 

 

 

3.9 PAVEMENT TOLERANCES 

 

A. Comply with tolerances of ACI 117 and as follows: 

 

1.  Elevation:  ¼” (6 mm). 

2.  Thickness:  Plus 3/8” (9 mm), minus ¼” (6 mm). 

3.  Surface:  Gap below 10’ (3-m-) long, unleveled straightedge not to exceed ¼” (6 

mm). 

4.  Lateral Alignment and Spacing of Tie Bars and Dowels:  1” (25 mm). 

5.  Vertical Alignment of Tie Bars and Dowels:  ¼” (6 mm). 

6.  Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge:  ½” (13 

mm). 

7.  Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge:  

Length of dowel ¼” per 12” (6 mm per 300 mm). 

8.  Joint Spacing:  3” (75 mm). 
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9.  Contraction Joint Depth:  Plus ¼” (6 mm), no minus. 

10.  Joint Width:  Plus 1/8” (3 mm), no minus. 

 

 

3.10 PAVEMENT MARKING 

 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 

with Engineer. 

 

B. Allow concrete pavement to cure for 28 days and be dry before starting pavement marking. 

 

C. Sweep and clean surface to eliminate loose material and dust. 

 

D. Apply paint with mechanical equipment to produce pavement markings of dimensions 

indicated with uniform, straight edges.  Apply at manufacturer's recommended rates to 

provide a minimum wet film thickness of 15 mils (0.4 mm). 

 

 

3.11 WHEEL STOPS 

 

A. Securely attach wheel stops into pavement with not less than two galvanized steel dowels 

embedded in holes cast into wheel stops.  Firmly bond each dowel to wheel stop and to 

pavement.  Extend upper portion of dowel 5” (125 mm) into wheel stop and lower portion a 

minimum of 5” (125 mm) into pavement. 

 

 

3.12 FIELD QUALITY CONTROL 

 

A. Testing Agency:  Engage a qualified independent testing and inspection agency to sample 

materials, perform tests, and submit test reports during concrete placement according to 

requirements specified in this Article. 

 

B. Testing Agency:  Owner will engage a qualified testing and inspection agency to sample 

materials, perform tests, and submit test reports during concrete placement.  Sampling and 

testing for quality control may include those specified in this Article. 

 

C. Testing Services:  Testing shall be performed according to the following requirements: 

 

1.  Sampling Fresh Concrete:  Representative samples of fresh concrete shall be 

obtained according to ASTM C 172, except modified for slump to comply with ASTM 

C 94. 

2.  Slump:  ASTM C 143; one test at point of placement for each compressive-strength 

test, but not less than one test for each day's pour of each type of concrete.  

Additional tests will be required when concrete consistency changes. 

3.  Air Content:  ASTM C 231, pressure method; one test for each compressive-strength 

test, but not less than one test for each day's pour of each type of air-entrained 

concrete. 

4.  Concrete Temperature:  ASTM C 1064; one test hourly when air temperature is 40°F 

(4.4°C) and below and when 80°F (27°C) and above, and one test for each set of 

compressive- strength specimens. 
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5.  Compression Test Specimens:  ASTM C 31/C 31M; one set of four standard 

cylinders for each compressive-strength test, unless otherwise indicated.  Cylinders 

shall be molded and stored for laboratory-cured test specimens unless field-cured 

test specimens are required. 

6.  Compressive-Strength Tests:  ASTM C 39; one set for each day's pour of each 

concrete class exceeding 5 cu. yd. (4 cu. m), but less than 25 cu. yd. (19 cu. m), plus 

one set for each additional 50 cu. yd. (38 cu. m).  One specimen shall be tested at 7 

days and two specimens at 28 days; one specimen shall be retained in reserve for 

later testing if required. 

7.  When frequency of testing will provide fewer than five compressive-strength tests for 

a given class of concrete, testing shall be conducted from at least five randomly 

selected batches or from each batch if fewer than five are used. 

8.  When total quantity of a given class of concrete is less than 50 cu. yd. (38 cu. m), 

Engineer may waive compressive-strength testing if adequate evidence of 

satisfactory strength is provided. 

9.  When strength of field-cured cylinders is less than 85 percent of companion 

laboratory-cured cylinders, current operations shall be evaluated and corrective 

procedures shall be provided for protecting and curing in-place concrete. 

10.  Strength level of concrete will be considered satisfactory if averages of sets of 3 

consecutive compressive-strength test results equal or exceed specified compressive 

strength and no individual compressive-strength test result falls below specified 

compressive strength by more than 500 psi (3.4 MPa). 

 

D. Test results shall be reported in writing to Engineer, concrete manufacturer, and Contractor 

within 24 hours of testing.  Reports of compressive-strength tests shall contain Project 

identification name and number, date of concrete placement, name of concrete testing 

agency, concrete type and class, location of concrete batch in pavement, design compressive 

strength at 28 days, concrete mix proportions and materials, compressive breaking strength, 

and type of break for both 7- and 28-day tests. 

 

E. Nondestructive Testing:  Impact hammer, sonoscope, or other nondestructive device may be 

permitted by Engineer but will not be used as the sole basis for approval or rejection. 

 

F. Additional Tests:  Testing agency shall make additional tests of the concrete when test 

results indicate slump, air entrainment, concrete strengths, or other requirements have not 

been met, as directed by Engineer.  Testing agency may conduct tests to determine 

adequacy of concrete by cored cylinders complying with ASTM C 42, or by other methods as 

directed. 

 

 

3.13 REPAIRS AND PROTECTION 

 

A. Remove and replace concrete pavement that is broken, damaged, or defective, or does not 

meet requirements in this Section. 

B. Drill test cores where directed by Engineer when necessary to determine magnitude of cracks 

or defective areas.  Fill drilled core holes in satisfactory pavement areas with portland cement 

concrete bonded to pavement with epoxy adhesive. 

C. Protect concrete from damage.  Exclude traffic from pavement for at least 14 days after 

placement. When construction traffic is permitted, maintain pavement as clean as possible by 

removing surface stains and spillage of materials as they occur. 
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D. Maintain concrete pavement free of stains, discoloration, dirt, and other foreign material.  

Sweep concrete pavement not more than two days before date scheduled for Substantial 

Completion inspections. 

 

 

END OF SECTION 32 13 13 
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SECTION 32 31 13 – CHAIN LINK FENCES AND GATES 

PART 1 – GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. The provisions of the General Conditions, Supplementary Conditions, Drawings, Specifications 
and the Sections included under Division 1, General Requirements and References are 
included as a part of this Section as though bound herein. 

1.2 SUMMARY 
 

A. Section Includes: 
 

1. Provide labor, material, services and equipment necessary to furnish and install work as 
indicated and as specified herein, which includes, but is not limited to: 
a. Chain-link fences. 
b. Swing gates. 
c. Security: Padlocks. 
d. Foundations: Concrete. 

1.3 REFERENCES 

A. ASTM A392 – Standard Specification for Zinc-Coated Steel Chain Link Fence Fabric. 
B. ASTM F567 – Standard Practice for Installation of Chain Link Fence. 
C. ASTM F626 – Standard Specification for Fence Fittings. 
D. ASTM F668 – Standard Specification for Poly Vinyl Chloride (PVC) and Other Organic 

Polymer-Coated Steel Chain-Link Fence Fabric. 
E. ASTM F1043 – Standard Specification for Strength and Protective Coatings on Steel Industrial 

Fence Framework. 
F. ASTM F1083 – Standard Specification for Pipe, Steel, Hot-Dipped Zinc-Coated (Galvanized) 

Welded, for Fence Structures. 
G. CLFMA – Standard Guide for Metallic-coated Steel Chain Link Fence & Fabric. 
H. CLFMA – Chain Link Fence Wind Load Guide for the Selection of Line Post and Line Post 

Spacing. 
I. FBC – Florida Building Code. 

1.4 ACTION SUBMITTALS 
 

A. Product Data:  For each type of product indicated. Include construction details, material 
descriptions, dimensions of individual components and profiles, and finishes for chain-link 
fences and gates. 

 
B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other 

work. Show accessories, hardware, operational clearances, gates, posts, rails, tension 
wires, attachments, heights and finish. 

 
C. Samples for Verification:  Prepared on Samples of size indicated below: 
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1. Polymer-Coated Components:  In 6-inch lengths for components and on full-sized 
units for accessories. 

 
D. Delegated-Design Submittal:  For fences and gate framework and footings indicated to 

comply with performance requirements and design criteria, including analysis data signed 
and sealed by the qualified Florida professional engineer responsible for their preparation. 

 
E. Recycle:  Submit manufacturer's documentation substantiating the following requirements for 

materials for each type provided under work of this section for recycled content: 

1. Indicate recycled content; indicate percentage of pre-consumer and post-consumer 
recycled content per unit of product. 

2. Indicate relative dollar value of recycled content product to total dollar value of product 
included in project. 

3. If recycled content product is part of an assembly, indicate the percentage of recycled 
content product in the assembly by weight. 

4. If recycled content product is part of an assembly, indicate relative dollar value of 
recycled content product to total dollar value of assembly. 

F. Local/Regional Materials:  Submit manufacturer's documentation substantiating the following 
requirements for materials extracted/harvested and manufactured within a 500 mile radius 
from the project site.  Not less than 20 percent of building materials (by cost) shall be regional 
materials. Unless otherwise indicated, submit the following for each type of product provided 
under work of this section for locations: 

1. Sourcing Location(s):  Indicate location of extraction, harvesting, and recovery; indicate 
distance between extraction, harvesting, and recovery and the project site. 

2. Manufacturing Location(s):  Indicate location of manufacturing facility; indicate distance 
between manufacturing facility and the project site. 

3. Product Value:  Indicate dollar value of product containing local/regional materials; 
include materials cost only. 

4. Product Component(s):  Where product components are sourced or manufactured in 
separate locations, provide location information for each component.  Indicate the 
percentage by weight of each component per unit of product. 

1.5 INFORMATIONAL SUBMITTALS 
 

A. Qualification Data: For qualified professional engineer, testing agency, and factory-authorized 
service representative. 

 
B. Product Certificates:  For each type of chain-link fence and gate, from manufacturer. 

 
C. Product Test Reports:  For framing strength according to ASTM F 1043. 

 
D. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Manufacturer’s Qualifications:  Provide products from a firm that makes the indicated products 
as a regular production item and with not less than five (5) years experience. 
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B. Installer Qualifications:  An entity that employs installers and supervisors who are trained and 
approved by manufacturer for both installation of specified materials and assemblies with not 
less than three (3) years experience. 

 
C. Field Measurements:  Field verify all dimensions prior to fabrication. 

 
D. Standards:  Conform to requirements of Chain Link Fence Manufacturers Institute (CLFMI) 

Product Manual, latest edition, and as otherwise shown or specified. 
 

E. Manufacturer:  Minimum ten (10) years experience in the successful manufacturer of required 
products designed for the intended use.   Shall be a member of C.L.F.M.I. 

1.7 PRE-INSTALLATION MEETING 

A. The Contractor shall conduct a pre-installation meeting at the project site a minimum of 30 
days prior to any work being installed as indicated in this section and other related sections 
that require coordination with this section. 

B. Review coordination of interlocked equipment specified in this Section and elsewhere. 

C. Review required testing, inspecting, and certifying procedures. 

1.8 FIELD CONDITIONS 
 

A. Field Measurements:  Verify layout information for chain-link fences and gates shown on 
Drawings in relation to property survey and existing structures. Verify dimensions by field 
measurements. 

1.9 WARRANTY 
 

A. Special Warranty:  Manufacturer's standard form in which Manufacturer and Installer agrees 
to repair or replace components of chain-link fences and gates that fail in materials or 
workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 
a. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering. 
2. Warranty Period:  Ten (10) years from date of Substantial Completion. 

1.10 PERFORMANCE REQUIREMENTS 
 

A. Structural Performance:  Chain-link fence and gate framework shall withstand the effects of 
gravity loads and the following loads and stresses within limits and under conditions indicated 
according to Florida Building Code and ASCE/SEI 7. 

 
B. Posts and Rails:  Comply with ASTM F 1043 for framing, including rails, braces, and line; 

terminal; and corner posts. Provide members with minimum dimensions and wall thickness 
according to ASTM F 1043 or ASTM F 1083 based on the following: 
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1. Minimum Post Size:  Determine according to ASTM F 1043 for framework up to 12 
feet high, and post spacing not to exceed 10 feet. 

2. Minimum Post Size and Maximum Spacing:  Determine according to CLFMI WLG 
2445, based on mesh size and pattern specified and on the following: 
a. Refer to structural drawings for wind load. 
b. Fence Height: as noted on Drawings and Specifications. 
c. Material Group: IA, ASTM F 1043, Schedule 40 steel pipe. 

 
C. Delegated-Design:  Provide delegated design services including calculations and shop 

drawings for fences and gate framework and footings indicated to comply with performance 
requirements, applicable code requirements and design criteria signed and sealed by an 
engineer registered in the State of Florida. 

PART 2 – PRODUCTS 

2.1 MANUFACTURER 
 

A. Manufacturer shall be one of the following however products of other manufacturers will be 
considered for acceptance provided they equal or exceed the material requirements and 
functional qualities of the specified product and acceptance is provided by the Architect in 
writing prior to bidding. 

 
1. Ameristar 
2. Master – Halco 
3. Stephens Pipe & Steel 
4. Merchant Metals 
5. Ideal Aluminum 

2.2 FENCING GENERAL  
 

A. Provide fencing, gates and concrete footing at locations indicated on the drawings. 

B. Note that all listed diameters are nominal outside diameters per standard steel pipe schedules 

C. Location and Height:  Locations of fencing and gates as indicated on the drawings and as 
verified by the Architect. 

1. Provide minimum 4’-0” high fence around HVAC condensers and other locations as 
indicated. Provide clearance to work on items as indicated by the architect and provide 
3’-0 wide gate or size as indicated on the drawings at each enclosure. 

2.3 CHAIN-LINK FENCE FABRIC 
 

A. General:  Provide fabric in one-piece heights measured between top and bottom of outer 
edge of selvage knuckle or twist. Fences shall have no jagged or sharp projections. 
Comply with CLFMI Product Manual, ASTM F 668, and with requirements indicated below: 

B. Steel Wire Fabric:  Wire with a diameter of 0.148 inch; (9-gauge) core wire thickness. 
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1. Mesh:  2-inches diamond mesh interwoven wire. 
2. Vinyl-Coated Fabric:  ASTM A668, Class 1 over zinc-coated steel wire with minimum 1.2 

oz zinc per sq. ft. of surface. 
3. Selvage:  Knuckled end closed at both top and bottom selvages for all fences does not 

limit the height of fencing that is prohibited from having sharp projections. A twisted top 
creates sharp projections.  Fences shall have no jagged or sharp projections. 
a. Coat selvage ends of fabric that is metallic coated before the weaving process 

with manufacturer's standard clear protective coating. 

2.4 FENCE FRAMING 
 

A. Fence Height:  As indicated on drawings and specifications. 

B. Post:  Heavy Industrial Strength Material Group IA, round steel pipe, Schedule 40. 

1. Line Post: 
a. Up to 6' Fabric Height: 1.90 OD steel pipe, 2.72 lbs. per lineal ft. minimum and 

buried a minimum of 24". 
b. Spacing: 10’-0” maximum. 

2. End, Corner and Pull Post: 
a. Up to 6' Fabric Height: 2.375" OD steel pipe, 3.65 lbs. per lineal ft. minimum and 

buried a minimum of 24". 
3. Top Rail and Brace Rails: Round 1-5/8 inch in diameter with 3/8-inch truss rod. 

C. Post for swing gates, design gateposts for proper resistance to forces encountered by normal 
use and increase size to accommodate. 

1. Under 6' wide = 2.875" OD steel pipe, 5.79 lbs./lineal ft. 

2.5 SWING GATES 
 

A. General:  Comply with ASTM F 900 for gate posts and single or double swing gate types. 

B. Gate Leaf Width:  Minimum 3'-0" wide and as indicated on drawings. 

C. Gate Fabric Height:  As indicated in the specifications and on the drawings. 

D. Pipe and Tubing: 

1. Gate Frames and Bracing:  Round tubular steel. Minimum 1-5/8 inch diameter and 
increase size to accommodate forces and loads 

 
E. Frame Corner Construction:  Welded. 

2.6 SWING GATE HARDWARE 
 

A. Hinges:  Heavy duty pressed steel, to allow 180-degree outward swing. 
 

1. Provide min. 3 hinges per leaf. 
2. Use semi-automatic catch to secure traffic gates in the open position. 
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3. Manufacturer is as indicated however equal or better performing products of other 
manufacturers will be considered for acceptance by the Architect. 
a. “Bull Dog” hinges as manufactured by Hoover Fence Company, 
b. Cast iron hinges are not acceptable. 

B. Latches:  Pressed steel center rest with padlocking device. Permitting operation from both 
sides of gate with provision for padlocking accessible from both sides of gate. 

C. Padlock:  Master Lock Product Number:  8293DPS 

2.7 FITTINGS 
 

A. General:  Comply with ASTM F 626, cast iron is not acceptable. 
 

B. Post Caps:  Provide line post caps with loop to receive tension wire or top rail. 

C. Rail and Brace Ends:  For each gate, corner, pull, and end post. 

D. Rail Fittings: 
 

1. Top Rail Sleeves:  Pressed-steel or round-steel tubing not less than 6 inches long. 
2. Rail Clamps:  Line and corner boulevard clamps for connecting intermediate and bottom 

rails in the fence line-to-line posts. 

E. Tension and Brace Bands:  Pressed steel. 
 

F. Tension Bars:  Steel, length not less than 2 inches shorter than full height of chain-link fabric. 
Provide one bar for each gate and end post, and two for each corner and pull post, unless 
fabric is integrally woven into post. 

G. Truss Rod Assemblies:  Steel, hot-dip galvanized after threading rod and turnbuckle or other 
means of adjustment. 

H. Stretcher Bars:  3/16” x 3/4” hot dipped galvanized steel, coated. One stretcher bar for each 
gate and end post & two bars for each corner and pull post. 

 
I. Tie Wires and Clips:  According to ASTM F 626. 

 
1. Standard Round Wire Ties:  For attaching chain-link fabric to posts, rails, and 

frames, complying with the following: 
a. Hot-Dip Galvanized Steel:  0.148-inch (9-gauge) diameter wire; galvanized 

coating thickness matching coating thickness of chain-link fence fabric. 

J. Bottom Tension Wire:  6-gauge spring coil tension wire. 

K. All line posts shall have steel ties. 
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2.8 FASTENERS 

A. Anchor Bolts:  Epoxy chemical set hot-dipped alloy steel B7 conforming to ASTM A193 of 
dimensions required to comply with delegated design and flat washers. Chemical anchors 
capable of sustaining, without failure, a load equal to six times the load imposed when 
installed in unit masonry and four times the load imposed when installed in concrete, as 
determined by testing according to ASTM E 488, conducted by a qualified independent testing 
agency. 

B. Fasteners for Anchoring Railings to Other Construction:  Select fasteners of type, grade, and 
class required to produce connections suitable for anchoring railings to other types of 
construction indicated and capable of withstanding design loads. 

2.9 ACCESSORIES 

A. Welding Rods and Bare Electrodes:  Select according to AWS specifications for metal alloy 
welded, provide type as recommended by producer of metal to be welded and as required for 
strength and compatibility in fabricated items. 

B. Concrete:  Normal-weight, air-entrained, ready-mix concrete complying with requirements in 
Division 3 Section "Cast-in-Place Concrete" with a minimum 28-day compressive strength of 
3000 psi, 3-inch slump, and 1-inch maximum aggregate size. 

C. Bituminous Paint:  Cold-applied asphalt emulsion complying with ASTM D 1187/D 1187M, 
formulated for 30-mil thickness per coat. 

2.10 FINISH 

A. Metallic Coating for Pressed Steel or Cast Iron:  Not less than 1.2 oz. /sq. ft. zinc. 

1. Polymer coating over metallic coating. 

B. Zinc-Coated Steel:  Schedule 40, comply with ASTM F 1043 and ASTM F 1083. 

C. Vinyl coat shall be provided on all components in the fence system and shall be Class 26, 
thermally fused and bonded. Polymer coating over metallic coating complying with ASTM F 
934. 

1. Color:  Black 

PART 3 – EXECUTION 

3.1 EXAMINATION 
 

A. Examine areas and conditions, with Installer present, for compliance with requirements for 
a verified survey of property lines and legal boundaries, site clearing, earthwork, pavement 
work, and other conditions affecting performance of the Work. 

 
1. Do not begin installation before final grading is completed unless otherwise permitted 

by Architect. 
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B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 
 

A. Stake locations of fence lines, gates, and terminal posts. Indicate locations of utilities, lawn 
sprinkler system, underground structures, benchmarks, and property monuments. 

3.3 INSTALLATION, GENERAL 
 

A. Install chain-link fencing to comply with ASTM F 567 and more stringent requirements indicated. 

1. Install fencing on established boundary lines inside property line. 

3.4 CHAIN-LINK FENCE INSTALLATION 
 

A. Post Excavation:  Drill or hand-excavate holes for posts to diameters and spacing’s indicated, 
in firm, undisturbed soil. 
 

B. Post Setting:  Set posts in concrete at indicated spacing into firm, undisturbed soil. 
 

1. Verify that posts are set plumb, aligned, and at correct height and spacing, and hold 
in position during setting with concrete or mechanical devices. 

2. Concrete Fill: Place concrete around posts to dimensions indicated and vibrate or tamp 
for consolidation. Protect aboveground portion of posts from concrete splatter. 
a. Place top 4 inches below grade to allow covering with inches below 

grade to allow covering with surface material.  Slope top surface of 
concrete to drain water away from post. 

3. Posts Set into Voids in Concrete:  Form or core drill holes not less than 3/4 
inch larger than outside diagonal dimension of post. 
a. Extend posts at least 5 inches into concrete. 
b. Clean holes of loose material, insert posts, and fill annular space between post 

and concrete with non-shrink grout, mixed and placed to comply with grout 
manufacturer's written instructions.  Finish and slope top surface of grout to drain 
water away from post. 

 
C. Terminal Posts:  Locate terminal end, corner, and gate posts per ASTM F 567 and terminal 

pull posts at changes in horizontal or vertical alignment of 15 degrees or more. 
 

D. Line Posts:  Space line posts maximum 10 feet o.c. 
 

E. Post Bracing and Intermediate Rails:  Install according to ASTM F 567, maintaining plumb 
position and alignment of fencing. Diagonally brace terminal posts to adjacent line posts with 
truss rods and turnbuckles. Install braces at end and gate posts and at both sides of corner 
and pull posts. 

 
1. Locate horizontal braces at mid-height of fabric 72 inches or higher, on fences with top 

rail and at two-third fabric height on fences without top rail. Install so posts are plumb 
when diagonal rod is under proper tension. 
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F. Tension Wire:  Install according to ASTM F 567, maintaining plumb position and alignment 
of fencing. Pull wire taut, without sags. Fasten fabric to tension wire with 0.120-inch diameter 
hog rings of same material and finish as fabric wire, spaced a maximum of 24 inches o.c. 
Install tension wire in locations indicated before stretching fabric. Provide horizontal 
tension wire at the following locations: 

1. Extended along top and bottom of fence fabric. Install top tension wire through post cap 
loops. Install bottom tension wire within 6 inches of bottom of fabric and tie to each 
post with not less than same diameter and type of wire. 

G. Top Rail:  Install according to ASTM F 567, maintaining plumb position and alignment of 
fencing. Run rail continuously through line post caps, bending to radius for curved runs and 
terminating into rail end attached to posts or post caps fabricated to receive rail at terminal 
posts. Provide expansion couplings as recommended in writing by fencing manufacturer. 

H. Intermediate and Bottom Rails:  Install and secure to posts with fittings. 
 

I. Chain-Link Fabric:  Apply fabric to outside of enclosing framework. Leave 2 inches between   
 finish grade or surface and bottom selvage unless otherwise indicated. Pull fabric taut and tie 
to posts, rails, and tension wires. Anchor to framework so fabric remains under tension after 
pulling force is released. 

J. Tension or Stretcher Bars:  Thread through fabric and secure to end, corner, pull, and gate 
posts with tension bands spaced not more than 15 inches o.c. 

K. Tie Wires:  Use wire of proper length to firmly secure fabric to line posts and rails.  Attach 
wire at one end to chain-link fabric, wrap wire around post a minimum of 180 degrees, and 
attach other end to chain-link fabric per ASTM F 626. Bend ends of wire to minimize 
hazard to individuals and clothing. 

 
1. Maximum Spacing:  Tie fabric to line posts at 12 inches o.c. and to braces at 24 

inches o.c. 
 

L. Fasteners: Install nuts for tension bands and carriage bolts on the side of the fence opposite 
the fabric side. 

3.5 GATE INSTALLATION 
 

A. Install gates according to manufacturer's written instructions, level, plumb, and secure for 
full opening without interference. Attach fabric as for fencing. Attach hardware using 
tamper- resistant or concealed means. Install ground-set items in concrete for anchorage. 
Adjust hardware for smooth operation and lubricate where necessary. 

3.6 ADJUSTING 
 

A. Gates: Adjust gates to operate smoothly, easily, and quietly, free of binding, warp, excessive 
deflection, distortion, nonalignment, misplacement, disruption, or malfunction, throughout entire 
operational range. Confirm that latches and locks engage accurately and securely without 
forcing or binding. 

 
B. Lubricate hardware and other moving parts. 
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3.7 DEMONSTRATION 
 

A. Engage a factory-authorized service representative to train Owner's personnel to adjust, 
operate, and maintain chain-link fences and gates. 

 
 
 
END OF SECTION 32 31 13 
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SECTION 32 84 00 – PLANTING IRRIGATION 

PART 1 - GENERAL 

1.1 SUMMARY 
 

A. Section Includes: 
 

1. Piping. 
2. Valves. 
3. Automatic control valves. 
4. Sprinklers. 
5. Drip Irrigation. 
6. Controllers. 
7. Boxes for automatic control valves. 

 
 

1.2 SCOPE OF WORK 
 

A. Irrigation system required for this work includes, but is not limited to, the furnishing of all 
labor, tools, materials, appliances, tests, permits, taxes, etc., necessary for the 
installation of a landscape irrigation system as herein specified and shown on the 
drawings, and the removal of all debris from the site. 

 
1. Locate, purchase, deliver and install piping, conduit, sleeves, 120 volt and low 

voltage electrical and water connections, valves, backflow preventer devices, 
controllers, rain sensors, spray and bubbler heads, drip irrigation lines, and 
associated accessories for a fully operational automatic irrigation system. 

2. Trenching and water settling of backfill material. 
3. Testing and startup of the irrigation system. 
4. Prepare an as built record set of drawings for both the new system. 
5. Training of the Owner’s maintenance personnel in the operational requirements 

of the Irrigation system. 
6. Clean up and disposal of all excess and surplus material. 
7. Maintenance of the irrigation system during the prescribed maintenance period. 

 
B. Existing Irrigation System Operation: 

 
1. Contractor shall run through all zones, determining zones within the area of new 

work. Cap valves for all such zones at the main line. 
2. Contractor shall inspect system and provide any maintenance recommendations. 

Contractor shall verify that existing pump provides flow and pressure for system 
to function as designed. See section 1.4 Performance Requirements. 

 
 

1.3 RELATED DOCUMENTS AND REFERENCES 
 

A. Related Documents: 
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1. Drawings and general provisions of contract, including general and 
supplementary conditions and Division I specifications, apply to work of this 
section. 

2. Related Specification Sections 
a. Section 32 93 00 – Plants (includes planting soils) 
b. Section 32 92 00 – Turf and Grasses 

 
B. References: 

 
1. American Society of Testing Materials (ASTM): cited section numbers. 
2. National Sanitation Foundation (NSF): rating system. 
3. Irrigation Association: Turf & Landscape Irrigation Best Management Practices 

 
 

1.4 PERFORMANCE REQUIREMENTS 
 

A. Irrigation zone control shall be automatic operation with controller and automatic control 
valves. 

 
B. Location of Sprinklers and Specialties: Design location is approximate. Make minor 

adjustments necessary to avoid plantings and obstructions such as signs and light 
standards. Maintain 100 percent irrigation coverage of areas indicated. 

 
1. Irrigation piping and related equipment are drawn diagrammatically. Scaled 

dimensions are approximate only. Before proceeding with work, carefully check 
and verify dimensions and immediately notify the Owner’s Representative of 
discrepancies between the drawings or specifications and the actual conditions. 
Although sizes and locations of plants and or irrigation equipment are drawn to 
scale wherever possible, it is not within the scope of the drawings to show all 
necessary offsets, obstructions, or site conditions. The Contractor shall be 
responsible to install the work in such a manner that it will be in conformance to 
site conditions, complete, and in good working order. 

 
C. Minimum Working Pressures: The following are minimum pressure requirements for 

piping, valves, and specialties unless otherwise indicated: 
 

1. Designed Running Pressure: 50 gallons per minute; 40 psi at the sprinkler head. 
 
 

1.5 ACTION SUBMITTALS 
 

A. Product Data: For each type of product indicated. Include rated capacities, operating 
characteristics, and furnished specialties and accessories. 

 
B. Coordination Drawings: Show and label points of connection to the existing system, 

including piping and wiring. 
 

C. Pressure testing information / results for the main line and laterals, as noted in PART 3 – 
EXECUTION. 

 
 

1.6 INFORMATIONAL SUBMITTALS 
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A. Qualification Data: For qualified Installer. 
 

B. Zoning Chart: Show each irrigation zone and its control valve. 
 

C. Controller Timing Schedule: Indicate timing settings for each automatic controller zone. 
 

D. Field quality-control reports. 
 
 

1.7 CLOSEOUT SUBMITTALS 
 

A. Operation and maintenance data. 
 

B. As built record set of drawings for the new system. Include clock scheduling guidance for 
both standard and daylight savings time. 

 
C. Warranty agreement. 

 
 

1.8 QUALITY ASSURANCE 
 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 
70, by a qualified testing agency, and marked for intended location and application. 

 
1.9 PREINSTALLATION MEETING 

 
A. Preinstallation Conference: Conduct conference at Project Site. Include Owner’s Project 

Manager, General Contractor, Architect’s Construction Administrator, Landscape 
Architect, and Irrigation Installer. 

 
1.10 WARRANTY 

 
A. Material and workmanship shall be fully warranted for one year after final acceptance by 

the Owner. Warranty work shall be done at no cost to the Owner. Repairs or 
replacements due to damage beyond the control of the Installer or manufacturers shall be 
reimbursed, provided that an estimate is given to and approved by Owner prior to work. 

 
B. Warranty includes, but is not limited to, adjusting components to the proper height and 

plumb condition, and repairing excavation work that has settled. 
 

C. Emergency repairs may be made by the Owner, and shall not void the warranty. 
 

D. If the Installer fails to respond to a request for warranty work within seven days, the 
Owner may proceed with the work and charge the Installer for the full cost of the repair. 

 
E. Provide the Owner with a signed and dated Warranty Agreement. 

 
 

PART 2 - PRODUCTS 
 

2.1 MATERIALS 
 

A. All products are to be those expressed or implied on the Drawings. 
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B. All products must conform to their respective codes and regulations. 
 

C. All products are to be installed and utilized in accordance with manufacturer's 
recommendations, Florida Irrigation Society Standards, and general irrigation installation 
standards and Southern Standard Building and Congress Codes. 

 
 

2.2 MATERIALS, GENERAL 
 

A. All materials shall be of standard, approved and commercial or institutional grade quality 
and shall be new and in perfect condition when installed and accepted. 

 
B. See drawings for Basis-of-Design materials. Standardize materials in the Work. Do not 

mix like materials from more than one manufacturer. For example, do not use both Rain 
Bird and Hunter sprays. Do not use both Rain Bird and Hunter control valves. 

 

C. Approval of any items or substitutions indicates only that the product(s) apparently meet 
the requirements of the drawings and specifications on the basis of the information or 
samples submitted. The Contractor shall be responsible for the performance of 
substituted items. If the substitution proves to be unsatisfactory or not compatible with 
other parts of the system, the Contractor shall replace said items with the originally 
specified items, including all necessary work and modifications to replace the items, at no 
cost to the Owner. 

 
 

2.3 PIPING MATERIAL 
 

A. Individual types of pipe and fittings supplied are to be of compatible manufacturer unless 
otherwise approved. Pipe sizes shown are nominal inside diameter unless otherwise 
noted. 

 
B. Plastic pipe: 

 
1. All pipe shall be free of blisters, internal striations, cracks, or any other defects or 

imperfections. The pipe shall be continuously and permanently marked with the 
following information: manufacturer’s name or trade mark, size, class and type of 
pipe pressure rating, quality control identifications, date of extrusion, and  
National Sanitation Foundation (NSF) rating. 

2. Pressure main line for piping upstream of remote control valves and quick 
coupling valves: 4-inch NPS and smaller; Schedule 40 PVC pipe and socket 
fittings, and solvent-cemented joints. Pipe ASTM D1785, PVC 1120 compound. 
PVC socket fittings ASTM D2466, Schedule 40 and 80. 

3. Non pressure lateral line for piping downstream of remote control valves: plastic 
pipe for use with solvent weld or threaded fittings: 4-inch NPS and larger; Class 
200 PVC pipe and threaded or socket fittings, and solvent-cemented joints. Pipe 
ASTM D2241, PVC 1120 compound. PVC socket fittings ASTM D2467,  
Schedule 80. 

 
 

2.4 SOLVENT CEMENTS AND THREAD LUBRICANT 
 

A. Solvent cements shall comply with ASTM D2564. Socket joints shall be made per 
recommended procedures for joining PVC plastic pipe and fittings with PVC solvent 
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cement and primer by the pipe and fitting manufacturer and procedures outlined in the 
appendix of ASTM D2564. 

 
B. Thread lubricant shall be Teflon ribbon-type, or approved equal, suitable for threaded 

installations as per manufacturer's recommendations. 
 

C. Pipe Joint Compound (Pipe dope) shall be used on all galvanized threaded connections. 
Pipe Joint Compound is a white colored, non-separating thread sealant compound 
designed to seal threaded connections against leakage due to internal pressure. It shall 
contain PTFE (Polytetrafluoroethylene) to permit a tighter assembly with lower torque, 
secure permanent sealing of all threaded connections and allow for easy disassembly 
without stripping or damaging threads. 

 
 

2.5 CHECK VALVES 
 

A. Swing check valves 2 inch and smaller shall be 200 lbs., W.O.G., bronze construction 
with replaceable composition, neoprene or rubber disc and shall meet or exceed federal 
specification WW-V 5ld, class a, type iv. 

 
B. Anti-drain valves shall be of heavy-duty virgin PVC construction with female iron pipe 

thread inlet and outlet. Internal parts shall be stainless steel and neoprene. Anti-drain 
valves shall be field adjustable against draw out from 5 to 40 feet of head. 

 
 

2.6 REMOTE CONTROL VALVES 
 

A. Remote control valves shall be electrically operated, single seat, normally closed 
configuration, equipped with flow control adjustment and capability for manual operation. 

 
B. Valves shall be actuated by a normally closed low wattage solenoid using 24 volts, 50/60 

cycle solenoid power requirement. Solenoid shall be epoxy encased. A union shall be 
installed on the discharge end. 

 
 

C. Remote control valves shall be wired to controller in same numerical sequence as 
indicated on drawings. 

 
D. Remote control valves shall be as indicated on the drawings. 

 
 

2.7 DRIP TUBING / DRIP SYSTEM / CONTROL VALVES 
 

A. Rainbird XFDP or equal. All products are to be those expressed or implied on the 
Drawings. 

 
B. All products must conform to their respective codes and regulations. 

 
 

2.8 SPRINKLER HEADS 
 

A. All sprinkler heads shall have check valves installed. 
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B. All sprinkler heads shall be as indicated on the drawings. 
 

C. Riser nipples for all sprinkler heads shall be the same size as the riser opening in the 
sprinkler body and fabricated as shown on the drawings. 

 
 

2.9 AUTOMATIC CONTROLLER (ALTERNATE) 
 

A. Base bid is to use an existing controller, as directed by the Owner. 
 

B. Alternate is to install a new controller to replace the existing. Coordinate location with 
Owner. 

 
C. Automatic controller shall be as indicated on the drawings. 

 
 

2.10 ELECTRICAL CONTROL WIRING 
 

A. Low voltage 
 

1. The electrical control wire shall be direct burial type UF, no. 14 AWG, solid, 
single conductor, copper wire UL approved or larger, if required to operate 
system as designed. 

2. For 2-Wire controllers all irrigation wire for the controller, flow sensor, master 
valve, hydrometer, remote control valves and moisture sensors shall be per the 
controller manufacturer’s specifications and recommendations. 

3. Color code wires to each valve. Common wire shall be white. 
4. If multiple controllers are being utilized, and wire paths of different controllers 

cross each other, both common and control wires from each controller to be of 
different colors. 

5. Control wire splices: Splices shall be placed in splice boxes. 
6. Wire connections shall be per the controller manufacturer’s specifications and 

recommendations. 
 

B. High voltage 
 

1. Shall be of type as required by local codes and ordinances. 
2. Shall be of proper size to accommodate needs of equipment it is to serve. 

 
 

2.11 VALVE BOXES AND MATERIALS 
 

A. Valve boxes: valve boxes shall be constructed of ABS (acrylonitrile butadiene styrene) 
plastic, green in color, with rigid base and sides and shall be supplied with bolt lock cover 
secured with stainless steel bolts. Cover shall be identified with number of zone OR with 
value identification tag. Provide box extensions as required. 

 
1. Master valves, flow sensors, remote control irrigation valves, gate valves, and 

ball valves 3” or less in size shall use a 14 inch x 19 inch x 12 inch rectangular 
box. 

2. Quick coupler valves, wire splices, and grounding rods shall use a 10 inch 
circular box. 

3. Lettering: "VALVE BOX” or “IRRIGATION”. 
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2.12 CONCRETE THRUST BLOCKS 
 

A. Concrete thrust blocks shall be sized per the pipe manufactures requirement. 
 
 

2.13 VALVE IDENTIFICATION TAGS 
 

A. Valve Identification Tags shall be 2.25 inch x 2.65 inch polyurethane. Color: potable 
water; yellow / Non-potable water; purple. Tags shall be permanently attached to each 
remote control valve with tamper proof seals as indicated on the drawings. 

 
 

2.14 EQUIPMENT TO BE FURNISHED TO OWNER 
 

A. Two (2) sets of keys for each automatic controller, if applicable. 
 

B. Two (2) 48 inch tee wrenches for operating the gate valves. 
 

C. Three (3) sets of special tools required for removing, disassembling and adjusting each 
type of sprinkler and valve supplied on this project. 

 
D. Five (5) Extra sprinkler heads, nozzles, shrub adapters, nozzle filter screens, for each 

type used on the project. 
 

E. Two (2) quick coupler keys to match manufacturer type of quick coupler, if applicable. 
 
 

2.15 INCIDENTAL MATERIALS AND EQUIPMENT 
 
 

A. Furnish all materials and equipment not specified above, but which are necessary for 
completion of the work as intended. 

 
 
 

2.16 MAIN LINE LOCATOR TAPE 
 

A. 3” wide plastic detectable locator tape. 
 
 

2.17 MAIN LINE AND LATERAL LINE BEDDING SAND 
 

A. Sand shall consist of natural or manufactured granular material, free of organic material, 
mica, loam, clay or other substances not suitable for the intended purpose. 

 
B. Sand shall be masonry sand ASTM C 144 or coarse concrete sand, ASTM C 33. 

 
 

PART 3 - EXECUTION 
 

3.1 GENERAL REQUIREMENTS 
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A. Code requirements shall be those of state and municipal codes and regulations locally 
governing this work, providing that any requirements of the drawings and specifications, 
not conflicting therewith, but exceeding the code requirements, shall govern unless 
written permission to the contrary is granted by the Owner’s Representative. 

 
B. Extreme care shall be exercised at all times by the Contractor in excavating and working 

in the project area due to existing utilities and irrigation systems to remain. Contractor 
shall be fully responsible for expenses incurred in the repair of damages caused by their 
operation. 

 
1. The Contractor is responsible for identifying and maintaining existing irrigation 

main lines that supply water to areas on the site as noted on the drawings and 
outside of the proposed limit of work. The Contractor shall relocate or replace 
existing irrigation main line piping as required to maintain existing system. 

 
C. Plan locations of backflow preventers, valves, controllers, irrigation lines, sleeves, spray 

heads and other equipment are diagrammatic and indicate the spacing and relative 
locations of all installations. Final site conditions and existing and proposed plantings 
shall determine final locations and adjusted as necessary and as directed to meet 
existing and proposed conditions and obtain complete water coverage. Minor changes in 
locations of the above from locations shown shall be made as necessary to avoid existing 
and proposed trees, piping, utilities, structures, etc. at the Contractor's expense or when 
directed by the Owner’s Representative. 

 
1. The Contractor shall be held responsible for relocation of any items without first 

obtaining the Owner’s Representative's approval. The Contractor shall remove 
and relocate such items at their expense if so directed by the Owner’s 
Representative. 

 
D. Prior to any work the Contractor shall stake out locations of all pipe, valves, equipment 

and irrigation heads and emitters using an approved staking method and maintain the 
staking of the approved layout in accordance with the drawings and any required 
modifications. Verify all horizontal and vertical site dimensions prior to staking of heads. 
Do not exceed spacing shown on drawings for any given area. If such modified spacing 
demand additional or less material than shown on the drawings, notify the Owner’s 
Representative before beginning any work in the adjacent area. 

 
E. Stub out main line at all end runs and as shown on drawings. Splice wires at existing 

clock location to extend to new clock once the new clock is available and operational. 
 

F. Point of connection shall be approximately as shown on drawings. Connect new 
underground piping and valves and provide all flanges, adapters or other necessary 
fittings for connection. 

 
G. Permission to shut off any existing in-use water line must be obtained 48 hours in 

advance, in writing from the Owner. The Contractor shall receive instructions from the 
Owner’s Representative as to the exact length of time of each shut-off. 

 
H. No fittings shall be installed on pipe underneath pavement or walls. 

 
I. Prior to starting any work, Contractor shall obtain a reading of existing static water 

pressure (no flow condition) at the designated point of connection and immediately 
submit written verification of pressure with date and time of recording to Owner’s 
Representative. 
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3.2 TRENCHING, DIRECTIONAL BORING AND SLEEVING 
 

A. Perform all trenching, directional boring, sleeving and excavations as required for the 
installation of the work included under this section, including shoring of earth banks to 
prevent cave ins. 

 
B. The Contractor may directional bore lines where it is practical or where required on the 

plans. 
 

1. Extend the bore 1 foot past the edge of pavement unless noted differently on the 
plans 

2. Cap ends of each bore and locate ends at finished grade using metal stakes. 
3. All boring and sleeving shall have detectable locator tape placed at the ends of 

the pipe. 
 

C. Make trenches for mains, laterals and control wiring straight and true to grade and free of 
protruding stones, roots or other material that would prevent proper bedding of pipe or 
wire. 

 
D. Excavate trenches wide enough to allow a minimum of 4 - inch between parallel pipelines 

and 8 inch from lines of other trades. Maintain 3 - inch vertical clearance between 
irrigation lines. Minimum transverse angle is 45°. All pipes shall be able to be serviced or 
replaced without disturbing the other pipes. 

 
E. Trenches for pipelines shall be made of sufficient depth to provide the minimum cover 

from finished grade as follows: 
 

1. Main line: 24” below finish grade and 24” below paved areas in Schedule 40 PVC 
sleeves. 

2. Irrigation (especially reclaimed) water constant pressure main lines shall cross at 
least 12” below potable water lines. 

 
 

a. If a constant pressure irrigation (especially reclaimed) water main line 
must be installed above a potable water line or less than 12” below a 
potable water line, then reclaimed water line shall be installed within an 
approved protective sleeve. The sleeve shall extend 10’ from each side 
of the center of the potable line, for a total of 20’. 

3. Lateral lines: 12” below finish grade and 18” below paved areas in Schedule 40 
PVC sleeves. 

4. Control wiring: to the side of pressure main line in Schedule 40 PVC sleeves. 
 

F. When trenching through areas of imported or modified soil, deposit imported or modified 
soils on one side of trench and subsoil on opposite side. 

 
G. Backfill the trench per the requirements in paragraphs “Backfilling and Compacting” 

below. 
 
 

3.3 PIPING INSTALLATION 
 

A. General Pipe Installation 
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1. Exercise caution in handling, loading and storing, of plastic pipe and fittings to 
avoid damage. 
a. The pipe and fittings shall be stored under cover until using, and shall be 

transported in a vehicle with a bed long enough to allow the length of 
pipe to lay flat so as not to be subjected to undue bending or 
concentrated external load at any point. 

b. All pipe that has been dented or damaged shall be discarded unless 
such dent or damaged section is cut out and pipe rejoined with a 
coupling. 

2. Trench depth shall be as specified above from the finish grade to the top of the 
pipe. 

3. Install warning tape directly above pressure piping, 12” below finished grades, 
except 6” below sub-grade under pavement and slabs. 

 
B. Polyvinyl Chloride Pipe (PVC) Installation 

 
1. Under no circumstance is pipe to rest on concrete, rock, wood blocks, 

construction debris or similar items. 
2. Install PVC piping in dry weather when temperature is above 40°F. Allow joints to 

cure at least 24 hours at temperatures above 40°F before testing. 
3. No water shall be permitted in the pipe until a period of at least 24 hours has 

elapsed for solvent weld setting and curing. 
4. Install assemblies and pipe to conform to respective details and where shown 

diagrammatically on drawings, using first class workmanship and best standard 
practices as approved. All fittings that are necessary for proper connections such 
as swing joints, offsets, and reducing bushings that are not shown on details 
shall be installed as necessary and directed as part of the work. 

5. Solvent weld or threaded plastic pipe: 
a. Installation of all pipe and fittings shall be in strict accordance with 

manufacturer’s specifications. 
b. Pipe shall be cut using approved PVC pipe cutters only. Sawed joints are 

disallowed. All field cuts shall be beveled to remove burrs and excess 
before gluing. 

c. Welded joints shall be given a minimum of 15 minutes to set before 
moving or handling. Excess solvent on the exterior of the joint shall be 
wiped clean immediately after assembly. 

d. Plastic to metal connections shall be made with plastic adapters and if 
necessary, short (not close) brass threaded nipples. Connection shall be 
made with two (2) wraps of Teflon tape and hand tightened plus one turn 
with a strap wrench. 

e. Snake pipe horizontally in trench to allow one (1) foot of expansion and 
contraction per 100 feet of straight run. 

f. Threaded pipe joints shall be made using Teflon tape. Solvent shall not 
be used with threaded joints. Pipe shall be protected from tool damage 
during assembly. All damaged pipe shall be removed and replaced. Take 
up threaded joints with light wrench pressure. 

g. No close nipples or risers are allowed. Cross connections in piping is 
disallowed. 

h. Center load pipe at 10 feet on center intervals with small amount of 
backfill to prevent arching and slipping under pressure. Other than this 
preliminary backfill all pipe joints, fittings and connections are to remain 
uncovered until successful completion of hydrostatic testing and written 
approval of the testing report. 
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i. Concrete thrust blocks shall be constructed behind all pipe fittings 1-1/2” 
diameter and larger at all changes of direction of 45° or more. 

j. PVC Piping Solvent-Cemented Joints: Clean and dry joining surfaces. 
Join pipe and fittings according to the following: 
1) Comply with ASTM F 402 for safe-handling practice of cleaners, 

primers, and solvent cements. 
2) PVC Pressure Piping: Join schedule number, ASTM D 1785, 

PVC pipe and PVC socket fittings according to ASTM D 2672. 
Join other-than-schedule-number PVC pipe and socket fittings 
according to ASTM D 2855. 

3) PVC Non-pressure Piping: Join according to ASTM D 2855. 
 
 

3.4 TRENCHING, DIRECTIONAL BORING, AND SLEEVING REVIEW: 
 

A. Upon completion and installation of all trenching, directional boring, and sleeving, all 
installed irrigation control wiring, lines and fittings shall be visually observed by the 
Owner’s Representative unless otherwise authorized. Do not cover any wires, lines or 
fittings until they have been tested and observed by the Owner’s Representative. 

 
 

3.5 FLUSHING 
 

A. Openings in piping system during installation are to be capped or plugged to prevent dirt 
and debris from entering pipe and equipment. Remove plugs when necessary to flush or 
complete system. 

 
B. After completion and prior to the installation of any terminal fittings, the entire pipeline 

system shall be thoroughly flushed to remove dirt, debris or other material. 
 
 
 

3.6 HYDROSTATIC PRESSURE TESTING 
 

A. After flushing, and the installation of valves the following tests shall be conducted in the 
sequence listed below. The Contractor shall furnish all equipment; materials and labor 
necessary to perform the tests and all tests shall be conducted in the presence of the 
Owner’s Representative. 

 
B. Water pressure tests shall be performed on all pressure main lines before any couplings, 

fittings, valves and the like are concealed. 
 

C. Immediately prior to testing, all irrigation lines shall be purged of all entrapped air or 
debris by adjusting control valves and installing temporary caps forcing water and debris 
to be discharged from a single outlet. 

 
D. Test all pressure main line at 150 PSI. For a minimum of four (4) hours with an allowable 

loss of 5 PSI. Pressure and gauges shall be read in PSI, and calibrated such that 
accurate determination of potential pressure loss can be ascertained. 

 
E. Re test as required until the system meets the requirements. Any leaks, which occur 

during test period, will be repaired immediately following the test. All pipe shall be re 
tested until final written acceptance. 
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F. The Contractor is responsible for proving documentation stating the weather conditions, 
date, the start time and initial water pressure readings, the finish time and final water 
pressure readings and the type of equipment used to perform the test. The 
documentation must be signed by a witness acceptable to the Owner, verifying all of the 
above-mentioned conditions. 

 
G. Submit a written report of the pressure testing results with the other above required 

information to the Owner’s Representative for approval. 
 
 

3.7 BACKFILLING AND COMPACTING 
 

A. Irrigation trenches shall be carefully backfilled with material approved for backfilling and 
free of rocks and debris 1” in diameter and larger. When back filling trenches in areas of 
imported or modified planting soil, replace any excavated subsoil at the bottom and the 
imported soil or modified planting soil at the top of the trench. 

 
B. Backfill shall be compacted with approved equipment to the following densities 

 
1. Backfill under pavement and within 2 feet of the edge of pavement: Compact to 

95% or greater of maximum dry density standard proctor. 
2. Backfill of subsoil under imported planting mixes or modified existing planting 

soil: Between 85 and 90% of maximum dry density standard proctor. 
3. Backfill of imported planting mixes or modified existing planting soil: Compact to 

the requirements of the adjacent planting mix or planting soil as specified in 
section “Planting Soil”. 

 
C. Finish grade of all trenches shall conform to adjacent grades without dips or other 

irregularities. Dispose of excess soil or debris off site at Contractor's expense. 
 
 

D. Any settling of backfill material during the maintenance or warranty period shall be 
repaired at the Contractor’s expense, including any replacement or repair of soil, lawn, 
and plant material or paving surface. 

 
 

3.8 RESURFACING PAVING OVER TRENCHES 
 

A. Restore all surfaces and repair existing underground installations damaged or cut as a 
result of the excavation to their original condition, satisfactory to the Owner’s 
Representative. 

 
B. Trenches through paved areas shall be resurfaced with same materials quality and 

thickness as existing material. Paving restoration shall be performed by the project 
paving Sub-contractor or an approved Contractor skilled in paving work. 

 
C. The cost of all paving restoration work shall be the responsibility of the irrigation 

Contractor unless the trenching thru the paving was, by previous agreement, part of the 
general project related construction. 

 
 

3.9 INSTALLATION OF EQUIPMENT 
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A. General: 
 

1. All equipment shall be installed to meet all installation requirements of the 
product manufacturer. In the event that the manufactures requirements cannot  
be implemented due to particular condition at the site or with other parts of the 
design, obtain the Owner’s Representative’s written authorization and approval 
for any modifications. 

2. Install all equipment at the approximately at the location(s) and as designated 
and detailed on the drawings. Verify all locations with the Owner’s 
Representative. 

3. Install all valves within a valve box of sufficient size to accommodate the 
installation and servicing of the equipment. Group valves together where  
practical and locate in shrub planting areas. 

4. All sprinkler irrigation systems that are using water from potable water systems 
shall require backflow prevention. All backflow prevention devices shall meet and 
be installed in accordance with requirements set forth by local codes and the 
health department. This water is from the stormwater ponds, so backflow 
prevention is not anticipated. 

 
B. Pressure regulator: 

 
1. Set regulator for required PSI per manufacturer's specifications. 

 
C. Check Valve: 

 
1. Install check valves approximately at the locations necessary to prevent low head 

run off. 
 

D. Remote control valves: 
 

1. Install one remote control valve per valve box. 
2. Remote control valve manifolds and quick coupler valves shall be separate 

allowing use of a quick coupler with all remote control valves shut off. 
3. Install boxes no farther than 12” from edge of paving and perpendicular to edge 

of paving and parallel to each other. Allow 12” clearance between adjacent valve 
boxes. 

 
E. Quick coupler valve: 

 
1. Install each quick coupler valve in its own valve box. 
2. Install thrust blocks on quick couplers. 
3. Place no closer than 12” to adjacent paving. 
4. Install 18” off set from main line. 

 
 

F. Sprinkler heads: 
 

1. All main lines and lateral lines, including risers, shall be flushed and pressure 
tested before installing sprinkler heads. 

2. Install specified sprinkler heads as shown in details at locations shown on the 
drawings. Adjust layout for full coverage, spacing of heads shall not exceed the 
maximum spacing recommended by the manufacturer. 

3. Locate part-circle sprinklers to maintain a minimum distance of 4 inches from 
walls and 2” from other boundaries unless otherwise indicated. 
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4. All sprinkler heads shall be set perpendicular to finish grade unless otherwise 
designated on the drawings or details. 

 
G. Irrigation controllers: 

 
1. Remote control valves shall be connected to controller in numerical sequence as 

shown on the drawings. 
2. Controller shall be tested with complete electrical connections. The Contractor 

shall be responsible for temporary power to the controller for operation and 
testing purposes. 

3. Connections to control wiring shall be made within the pedestal of the controller. 
All wire shall follow the pressure main insofar as possible. 

4. Electrical wiring shall be in a rigid gray PVC plastic conduit from controller to 
electrical outlet. The electrical Contractor shall be responsible for installing all 
wiring to the controller, in order to complete this installation. A disconnect switch 
shall be included. 

5. Equipment Mounting: Install interior controllers on wall in location shown on 
drawings. 
a. Place and secure anchorage devices. Use setting drawings, templates, 

diagrams, instructions, and directions furnished with items to be 
embedded. 

b. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

 
H. Wiring: 

 
1. Low Voltage 

a. Control wiring between controller and electrical valves shall be installed 
in the same trench as the main line where practical. The wire shall be 
bundled and secured to the lower quadrant of the trench at 10 foot 
intervals with plastic electrical tape. 

b. When the control wiring cannot be installed in the same main line trench 
it shall be installed a minimum of 18” below finish grade and a bright 
colored plastic ribbon with suitable markings shall be installed in the 
trench 6 inches below grade directly over the wire. 

c. An expansion loop shall be provided every 500 feet in a box and inside 
each valve box. Expansion loop shall be formed by wrapping wire at 
least eight (8) times around a ¾” pipe and withdrawing pipe. 

d. Provide one control wire to service each valve in system. 
e. Run two (2) spare #14 1 wires from controller along entire main line to 

last electric remote control valve on each and every leg of main line. 
Label spare wires at controller and wire stub to be located in a box. 

f. All control wire splices not occurring at control valve shall be installed in 
a separate splice valve box. 

g. Wire markers (sealed, 1” to 3” square) are to identify control wires at 
valves and at terminal strips of controller. At the terminal strip mark each 
wire clearly indicting valve circuit number. 

2. High Voltage 
a. All electrical work shall conform to local codes, ordinances and any 

authorities having jurisdiction. All high voltage electrical work to be 
performed by licensed electrician. 

b. The Contractor shall provide 120-volt power connection to the automatic 
controller unless noted otherwise on drawings. 
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I. Valve boxes: 
 

1. Install one valve box for each type of valve installed as per the details. 
2. Gravel sump shall be installed after compaction of all trenches. Final portion of 

gravel shall be placed inside valve box after valve is backfilled and compacted. 
3. Permanently label valve number and or controller letter on top of valve box lid 

using a method approved by the Owners Representative. 
 

J. Tracer wire: 
 

1. Tracer wire shall be installed with non-metallic plastic irrigation main lines where 
controller wires are not buried in the same trench as the main line. 

2. The tracer wire shall be placed on the bottom of the trench under the vertical 
projection of the pipe with spliced joints soldered and covered with insulation type 
tape. 

3. Tracer wire shall be of a color not used for valve wiring. Terminate wire in a valve 
box. Provide enough length of wire to make a loop and attach wire marker with 
the designation "tracer wire". 

 
K. Drip Installation: 

 
1. Clamp fittings with Oetiker clamps or approved equal when operating pressure 

exceeds specific drip tubing fitting requirements. 
2. When installing drip tubing, install soil staples as listed below: 

a. Sandy Soil - One staple every three (3’) feet and two (2) staples on each 
change of direction (tee, elbow, or cross). 

3. Cap or plug all openings as soon as lines have been installed to prevent the 
intrusion of materials that would obstruct the pipe. Leave in place until removal is 
necessary for completion of installation. 

4. Thoroughly flush all water lines before installing valves and other hydrants. 
 
 
 

3.10 IDENTIFICATION 
 

A. Identify system components. 
 

B. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplates and signs on each automatic controller. 

 
1. Text: In addition to identifying unit, distinguish between multiple units, inform 

operator of operational requirements, indicate safety and emergency  
precautions, and warn of hazards and improper operations. 

 
C. Warning Tapes: Arrange for installation of continuous, underground, detectable warning 

tapes over underground piping during backfilling of trenches. 
 
 

3.11 ADJUSTMENT AND COVERAGE TEST 
 

A. Adjustment: 
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1. The Contractor shall flush and adjust all sprinkler heads, valves and all other 
equipment to ascertain that they function according to the manufacturer's data. 

2. Adjust all sprinkler heads not to overspray onto walks, roadways and buildings 
when under maximum operating pressure and during times of normal prevailing 
winds. 

 
B. Coverage test: 

 
1. The Contractor shall perform the coverage test in the presence of the Owner’s 

Representative after all sprinkler heads have been installed, flushed and 
adjusted. Each section is tested to demonstrate uniform and adequate coverage 
of the planting areas serviced. 

2. Any systems that require adjustments for full and even coverage shall be done 
by the Contractor prior to final acceptance at the direction of the Owner’s 
Representative at no additional cost. Adjustments may also include realignment 
of pipes, addition of extra heads, and changes in nozzle type or size. 

3. The Contractor at no additional cost shall immediately correct all unauthorized 
changes or improper installation practices. 

4. The entire irrigation system shall be operating properly with written approval of 
the installation by the Owner’s representative prior to beginning any planting 
operations. 

 
 

3.12 REPAIR OF PLANTING SOIL 
 

A. Any areas of planting soil including imported or existing soils or modified planting soil 
which become compacted or disturbed or degraded as a result of the installation of the 
irrigation system shall be restored to the specified quality and compaction prior to 
beginning planting operations at no additional expense to the Owner. Restoration 
methods and depth of compaction remediation shall be approved by the Owner’s 
Representative. 

 
 
 

3.13 CLEAN-UP 
 

A. During installation, keep the site free of trash, pavements reasonably clean and work 
area in an orderly condition at the end of each day. Remove trash and debris in 
containers from the site no less than once a week. 

 
1. Immediately clean up any spilled or tracked soil, fuel, oil, trash or debris 

deposited by the Contractor from all surfaces within the project or on public right 
of ways and neighboring property. 

 
B. Once installation is complete, wash all soil from pavements and other structures. 

 
1. Make all repairs to grades ruts, and damage to the work or other work at the site. 
2. Remove and dispose of all excess soil, packaging, and other material brought to 

the site by the Contractor. 
 
 

3.14 PROTECTION 
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A. The Contractor shall protect installed irrigation work from damage due to operations by 
other Contractors or trespassers. 

 
1. Maintain protection during installation until Acceptance. Treat, repair or replace 

damaged work immediately. The Owner’s Representative shall determine when 
such treatment, replacement or repair is satisfactory. 

 
 

3.15 PRE-MAINTENANCE OBSERVATION: 
 

A. Once the entire system shall be completely installed and operational and all planting is 
installed, the Owner’s Representative shall observe the system and prepare a written 
punch list indicating all items to be corrected and the beginning date of the maintenance 
period. 

 
B. This is not final acceptance and does not relieve the Contractor from any of the 

responsibilities in the contract documents. 
 
 

3.16 GENERAL MAINTENANCE AND THE MAINTENANCE PERIOD 
 

A. General maintenance shall begin immediately after installation of irrigation system. The 
general maintenance and the maintenance period shall include the following: 

 
1. On a weekly basis the Contractor shall keep the irrigation system in good running 

order and make observations on the entire system for proper operation and 
coverage. Repair and cleaning shall be done to keep the system in full operation. 

2. Records of all timing changes to control valves from initial installation to time of 
final acceptance shall be kept and turned over to the Owner’s Representative at 
the time of final acceptance. 

3. During the last week of the maintenance period, provide equipment 
familiarization and instruction on the total operations of the system to the 
personnel who will assume responsibility for running the irrigation system. 

4. At the end of the maintenance period, turn over all operations logs, manuals, 
instructions, schedules, keys and any other equipment necessary for operation of 
the irrigation system to the Owner’s Representative who will assume 
responsibility for the operations and maintenance of the irrigation system. 

 
B. The maintenance period for the irrigation system shall coincide with the maintenance 

period for the Planting. (See specification section 329300 Plants and Section 329200 Turf 
and Grasses.) 

 
 

3.17 SUBSTANTIAL COMPLETION ACCEPTANCE 
 

A. Upon written notice from the Contractor, the Owners Representative shall review the 
work and make a determination if the work is substantially complete. 

 
B. The date of substantial completion of the irrigation shall be the date when the Owner’s 

Representative accepts that all work in Planting, Planting Soil, and Irrigation installation 
sections is complete. 
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3.18 FINAL ACCEPTANCE / SYSTEM MALFUNCTION CORRECTIONS 
 

A. At the end of the Plant Warrantee and Maintenance period, (See specification section 
“Planting”) the Owner’s Representative shall inspect the irrigation work and establish that 
all provisions of the irrigation system are complete and the system is working correctly. 

 
1. Restore any soil settlement over trenches and other parts of the irrigation  

system. 
2. Replace, repair or reset any malfunctioning parts of the irrigation system. 

 
B. The Contractor shall show all corrections made from punch list. Any items deemed not 

acceptable shall be reworked and the maintenance period will be extended. 
 

C. The Contractor shall show evidence that the Owner’s Representative has received all 
charts, records, drawings, and extra equipment as required before final acceptance. 

 
D. Failure to pass review: If the work fails to pass final review, any subsequent observations 

must be rescheduled as per above. The cost to the Owner for additional observations will 
be charged to the Contractor at the prevailing hourly rate of the reviewer. 

 
 
 

END OF SECTION 32 84 00 
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SECTION 32 92 00 – TURF AND GRASSES 

PART 1 - GENERAL 

1.1 SUMMARY 
 

A. Section Includes: 
 

1. Sodding. 
 
 

1.2 SCOPE OF WORK 
 

A. The scope of work includes all labor, materials, appliances, tools, equipment, facilities, 
transportation and services necessary for, and incidental to performing all operations in 
connection with furnishing, delivery, and installation of turf as shown on the drawings and 
as specified herein. 

 
B. The scope of work in this section includes, but is not limited to, the following: 

 
1. Locate, purchase, deliver and install all specified turf. 
2. Water all specified turf. 
3. Maintenance of all specified turf until the end of the maintenance period. 
4. Clean up and disposal of all excess and surplus material. 
5. Warranty of all specified plants during the warranty period. 

 
C. Achieve establishment as defined in this section for sod areas. 

 
 

1.3 CONTRACTOR RESPONSIBILITIES 
 

A. Provide all equipment, materials and labor necessary for completion of work. 
 

B. Obtain all necessary permits, licenses and fees necessary for completion of the work. 
Comply with all applicable codes. 

 
C. Provide safe storage for all equipment and materials. Keep pavements clean and work 

area in an orderly condition. 
 

D. Conduct a pre-installation conference on the Project Site. 
 

E. Coordinate all work around underground utilities with Owner and General Contractor to 
avoid conflict with other portions of the work on this project. Determine location of 
underground utilities before excavating; hand excavate where required to avoid damage 
to utilities. Contact utility locating services at least 72 hours before excavation. The utility 
location service for most utilities is the Florida Utility Locating Service at 800-432-4770. 
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F. Repair, at no cost to the Owner, any damage occurring on the property, adjacent 
properties, or right-of-way by his work or his employees. 

 
G. Carry all necessary insurance as specified in the General Conditions. 

 
H. Make all necessary adjustments to establish healthy, vigorous sod. Fine grading for an 

even final appearance is critical. 
 
 

1.4 VERIFICATION 
 

A. All scaled dimensions on the drawings are approximate. Before proceeding with any 
work, the Contractor shall carefully check and verify all dimensions and quantities, and 
shall immediately inform the Owner’s Representative of any discrepancies between the 
information on the drawings and the actual conditions, refraining from doing any work in 
said areas until given approval to do so by the Owner’s Representative. 

 
B. In the case of a discrepancy in the turf quantities between the plan drawings and the 

plant call outs, list or plant schedule, the square footage of the turf bed actually drawn on 
the plan drawings shall be deemed correct and prevail. 

 
 
 

1.5 RELATED DOCUMENTS AND REFERENCES 
 

A. Related Documents: 
 

1. Drawings and general provisions of contract including general and 
supplementary conditions and Division I specifications apply to work of this 
section. 

2. Related Specification Sections 
a. Section 32 93 00 – Plants 
b. Section 32 84 00 – Planting Irrigation 

 
B. References: The following specifications and standards of the organizations and 

documents listed in this paragraph form a part of the specification to the extent required 
by the references thereto. In the event that the requirements of the following referenced 
standards and specification conflict with this specification section the requirements of this 
specification shall prevail. In the event that the requirements of any of the following 
referenced standards and specifications conflict with each other the more stringent 
requirement shall prevail or as determined by the Owners Representative. 

 
1. ANSI Z60.1 American Standard for Nursery Stock, most current edition. 
2. ANSI A 300 – Standard Practices for Tree, Shrub and other Woody Plant 

Maintenance, most current edition and parts. 
3. Florida Grades and Standards for Nursery Stock, current edition (Florida 

Department of Agriculture, Tallahassee FL). 
4. Interpretation of plant names and descriptions shall reference the following 

documents. Where the names or plant descriptions disagree between the several 
documents, the most current document shall prevail. 
a. USDA - The Germplasm Resources Information Network (GRIN) 

http://www.ars-grin.gov/npgs/searchgrin.html 

http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
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b. Manual of Woody Landscape Plants; Michael Dirr; Stipes Publishing, 
Champaign, Illinois; Most Current Edition. 

5. Glossary of Arboricultural Terms, International Society of Arboriculture, 
Champaign IL, most current edition. 

 
 

1.6 DEFINITIONS 
 

A. Finish Grade: Elevation of finished surface of planting soil. 
 

B. Healthy: Plants that are growing in a condition that expresses leaf size, crown density, 
color; and with annual growth rates typical of the species and cultivar’s horticultural 
description, adjusted for the planting site soil, drainage and weather conditions. 

 
C. Maintenance: Actions that preserve the health of plants after installation and as defined in 

this specification. 
 

D. Maintenance period: The time period, as defined in this specification, which the 
Contractor is to provide maintenance. 

 
E. Normal: the prevailing protocol of industry standard(s). 

 
F. Pesticide: A substance or mixture intended for preventing, destroying, repelling, or 

mitigating a pest. This includes insecticides, miticides, herbicides, fungicides, 
rodenticides, and molluscicides. It also includes substances or mixtures intended for use 
as a plant regulator, defoliant, or desiccant. 

 
G. Pests: Living organisms that occur where they are not desired or that cause damage to 

plants, animals, or people. These include insects, mites, grubs, mollusks (snails and 
slugs), rodents (gophers, moles, and mice), unwanted plants (weeds), fungi, bacteria, 
and viruses. 

 
H. Planting Soil: Existing, on-site soil; imported soil; or manufactured soil that has been 

modified with soil amendments and perhaps fertilizers to produce a soil mixture best for 
plant growth. See drawing designations for planting soils. 

 
I. Reasonable and reasonably: 

 
1. When used in this specification relative to plant quality, it is intended to mean that 

the conditions cited will not affect the establishment or long-term stability, health 
or growth of the plant. This specification recognizes that it is not possible to 
produce plants free of all defects, but that some accepted industry protocols and 
standards result in plants unacceptable to this project. 

2. When reasonable or reasonably is used in relation to other issues such as 
weeds, diseased, insects, it shall mean at levels low enough that no treatment 
would be required when applying recognized Integrated Plant Management 
practices. 

3. This specification recognizes that some decisions cannot be totally based on 
measured findings and that professional judgment is required. In cases of 
differing opinion, the Owner’s Representative’s expert shall determine when 
conditions are judged as reasonable. 
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J. Sub-grade: Surface or elevation of subsoil remaining after excavation is complete, or top 
surface of a fill or backfill before planting soil is placed. 

 
K. Subsoil: All soil beneath the topsoil layer of the soil profile, and typified by the lack of 

organic matter and soil organisms. 
 

L. Surface Soil: Soil that is present at the top layer of the existing soil profile at the Project 
site. In undisturbed areas, the surface soil is typically topsoil, but in disturbed areas such 
as urban environments, the surface soil can be subsoil. 

 
 

1.7 SUBMITTALS 
 

A. All submittals are to be made in writing per the General Conditions. 
 

B. Landscape Contractor Qualifications: Submit contractor qualifications before award, if 
requested. Include the date the business was established and a list of 3 completed 
installations of similar scope. Include location; name and address of owner; and date 
when each project was completed. 

 
1. Installer's Field Supervision: Require Installer to maintain an experienced full- 

time supervisor on Project site when work is in progress. 
2. Maintenance Proximity: Not more than two (2) hours' normal travel time from 

Installer's place of business to Project site. 
3. Pesticide Applicator: State licensed, commercial. 

 
C. Product Data: For each type of product indicated. 

 
1. Soil testing, if requested by Owner. 
2. Fertilizers. 
3. Pesticides and Herbicides: Include product label and manufacturer's application 

instructions specific to this Project 
 

D. Product Certificates: For soil amendments and fertilizers, from manufacturer. 
 

E. Maintenance Instructions: Recommended procedures to be established by Owner for 
maintenance of turf during a calendar year. Submit before expiration of required initial 
maintenance periods. 

 
 

1.8 DELIVERY, STORAGE, AND HANDLING 
 

A. Packaged Materials: Deliver packaged materials in original, unopened containers 
showing weight, certified analysis, name and address of manufacturer, and indication of 
conformance with state and federal laws, as applicable. 

 
B. Sod: Harvest, deliver, store, and handle sod according to requirements in "Specifications 

for Turfgrass Sod Materials" and "Specifications for Turfgrass Sod Transplanting and 
Installation" in TPI's "Guideline Specifications to Turfgrass Sodding." Deliver sod in time 
for planting within 24 hours of harvesting. Protect sod from breakage and drying. 

 
C. Bulk Materials: 
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1. Do not dump or store bulk materials near structures, utilities, walkways and 
pavements, or on existing turf areas or plants. 

2. Provide erosion-control measures to prevent erosion or displacement of bulk 
materials, discharge of soil-bearing water runoff, and airborne dust reaching 
adjacent properties, water conveyance systems, or walkways. 

3. Accompany each delivery of bulk fertilizers, lime, and soil amendments with 
appropriate certificates. 

 
 

1.9 PROJECT CONDITIONS 
 

A. Landscape work may proceed at any time or season agreed upon by the Contractor and 
the Owner’s Representative. However, schedule and perform landscape work only when 
weather and soil conditions are suitable in accordance with local practice. Do not install 
plant materials when temperatures drop below 35° or above 95°F, nor when wind velocity 
exceeds 10 miles per hour. 

 
B. Coordinate planting periods with initial maintenance periods to provide required 

maintenance from date of Substantial Completion. 
 
 

1.10 MAINTENANCE SERVICE 
 

A. Initial Turf Maintenance Service: Provide full maintenance by skilled employees of 
landscape Installer. Maintain as required in Part 3. Begin maintenance immediately after 
each area is planted and continue until acceptable turf is established but for not less than 
the following periods: 

 
1. Sodded Turf: Sixty (60) days from date of Substantial Completion. 

 
 

PART 2 - PRODUCTS 
 

2.1 TURFGRASS SOD 
 

A. Turfgrass Sod: Certified, complying with "Specifications for Turfgrass Sod Materials" in 
TPI's "Guideline Specifications to Turfgrass Sodding." Furnish viable sod of uniform 
density, color, and texture, strongly rooted, and capable of vigorous growth and 
development when planted. 

 
B. Turfgrass Species: St. Augustine Sod (Stenotaphrum secundatum ‘Floritam’) 

 
 
 
 
 

2.2 PLANTING SOIL 
 

A. Fine sand or loamy fine sand indigenous to the area suitable for plant growth that is free 
of weeds, roots, stumps, rocks larger than 1/2” diameter, organic muck, hard pan, toxic 
substances detrimental to plant growth, and construction debris such as limerock, 
concrete, and asphalt pieces. Deliver in a normally moist condition, neither muddy nor 
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wet. Soil used for topsoil shall meet the following criteria measured in accordance with 
the appropriate AASHTO and ASTM standard: 

 
1. USDA Texture: Fine Sand, Loamy fine sand 
2. AASHTO Classification: A-3 
3. pH 5.0-7.5 
4. Deleterious Material 0-2% maximum by mass (rocks, roots, sod) 
5. Organic Matter Content 1-10% by mass 
6. Sand Content 80-96% by mass 
7. Silt & Clay Content 3-10% by mass 

 
B. Use existing soil in plant pits if the soil complies with the standard for topsoil, unless the 

soil is contaminated with limerock, clay, brush, weeds, roots, stumps, stones larger than 
1 ½ inches in any dimension, litter and other extraneous or toxic matter harmful to plant 
growth. Remove contaminated soil and replace with acceptable stockpiled existing soil, 
new topsoil or yard sand. 

 
 

2.3 ORGANIC SOIL AMENDMENTS 
 

A. In areas requiring additional organic material, provide 100% organic soil conditioner, free 
of limerock, clay, brush, weeds, roots, stumps, gravel, litter and other extraneous or toxic 
matter harmful to plant growth. Soil conditioner shall be one of the following: 

 
1. Compost: Meet requirements of Florida Department of Environmental Protection 

Rule 62.709.550 Type Y (yard waste). Compost shall be 100% organic yard and 
tree trimmings with a 25/1 carbon/nitrogen ratio, mature and stable, free of 
pathogens, weed seeds, and debris, composted for a minimum of 15 days at 131 
degrees F., with at least 3 turnings, then shredded to pass through a 1/2 inch 
mesh screen. Available from Enviro-Comp Services, Inc.; 11771 Phillips 
Highway; Jacksonville, Fl 32256; 904-292-1828. 

2. Wood Derivatives: Decomposed, nitrogen-treated sawdust, ground bark, or wood 
waste; of uniform texture and free of chips, stones, sticks, soil, or toxic materials. 
Mechanically shredded pine bark with at least 90% of particle size ¼” or less. In 
lieu of decomposed wood derivatives, mix partially decomposed wood derivatives 
with ammonium nitrate at a minimum rate of 0.15 lb/cu. ft. of loose sawdust or 
ground bark, or with ammonium sulfate at a minimum rate of 0.25 lb/cu. ft. of 
loose sawdust or ground bark. 

 
 

2.4 FERTILIZERS 
 

A. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, 
consisting of fast- and slow-release nitrogen, 50 percent derived from natural organic 
sources of urea formaldehyde, phosphorous, and potassium in the following composition: 

 
1. Composition: Develop to address soil test. If no soil test is required, provide 1 

lb/1000 sq. ft. of actual nitrogen, 4% phosphorous, and 2% potassium, by weight. 
2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended 

in soil reports from a qualified soil-testing laboratory. 
 
 

2.5 PESTICIDES 
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A. General: Pesticide, registered and approved by EPA, acceptable to authorities having 
jurisdiction, and of type recommended by manufacturer for each specific problem and as 
required for Project conditions and application. Do not use restricted pesticides unless 
authorized in writing by authorities having jurisdiction. 

 
B. Pre-Emergent Herbicide (Selective and Non-Selective): Effective for controlling the 

germination or growth of weeds within planted areas at the soil level directly below the 
mulch layer. 

 
C. Post-Emergent Herbicide (Selective and Non-Selective): Effective for controlling weed 

growth that has already germinated. 
 
 

PART 3 - EXECUTION 
 

3.1 EXAMINATION 
 
 

A. Examine areas to be planted for compliance with requirements and other conditions 
affecting performance. 

 
1. Verify that no foreign or deleterious material or liquid such as paint, paint 

washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, 
gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid has 
been deposited in soil within a planting area. 

2. Do not mix or place soils and soil amendments in frozen, wet, or muddy 
conditions. 

3. Suspend soil spreading, grading, and tilling operations during periods of 
excessive soil moisture until the moisture content reaches acceptable levels to 
attain the required results. 

4. Uniformly moisten excessively dry soil that is not workable and which is too 
dusty. 

 
B. Proceed with installation only after unsatisfactory conditions have been corrected. 

 
C. If soil does not meet definition for PLANTING SOIL (as defined in part 2) or 

contamination by foreign or deleterious material or liquid is present in soil within a 
planting area, remove the soil and contamination as directed by Landscape Architect and 
replace with new planting soil. 

 
 

3.2 TURF AREA PREPARATION 
 

A. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and 
plantings from damage caused by planting operations. Protect grade stakes set by others 
until directed to remove them. 

 
 

B. Install erosion-control measures to prevent erosion or displacement of soils and 
discharge of soil-bearing water runoff or airborne dust to adjacent properties and 
walkways. 
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C. Remove shrubs and root mass to depth of 12” minimum. Trees and palms shall remain 
as indicated on the plans. 

 
D. Limit turf subgrade preparation to areas to be planted. 

 
E. Newly Graded Subgrades: Loosen subgrade to a minimum depth of 4”. Remove stones 

larger than ½” in any dimension and sticks, roots, rubbish, and other extraneous matter 
and legally dispose of them off Owner's property. 

 
1. Apply commercial fertilizer (as defined in part 2) directly to subgrade before 

loosening. 
2. Thoroughly blend planting soil off-site before spreading or spread topsoil, apply 

soil amendments and fertilizer on surface, and thoroughly blend planting soil. 
Delay mixing fertilizer with planting soil if planting will not proceed within a few 
days. 

3. Spread planting soil to a depth of 4 inches but not less than required to meet 
finish grades after light rolling and natural settlement. Do not spread if planting 
soil or subgrade is frozen, muddy, or excessively wet. Reduce elevation of 
planting soil to allow for soil thickness of sod. 

 
F. Unchanged Subgrades: If turf is to be planted in areas unaltered or undisturbed by 

excavating, grading, or surface-soil stripping operations, prepare surface soil as follows: 
 

1. Remove existing grass, vegetation, and turf. Do not mix into surface soil. Apply 
pre- and post-emergent herbicides. 

2. Remove stones larger than 1 inch in any dimension and sticks, roots, trash, and 
other extraneous matter. 

3. Legally dispose of waste material, including grass, vegetation, and turf, off 
Owner's property. 

 
G. Finish Grading: Grade planting areas to a smooth, uniform surface plane with loose, 

uniformly fine texture. Grade to within plus or minus 1/2 inch (13 mm) of finish elevation. 
Roll and rake, remove ridges, and fill depressions to meet finish grades. Limit finish 
grading to areas that can be planted in the immediate future. 

 
H. Moisten prepared area before planting if soil is dry. Water thoroughly and allow surface to 

dry before planting. Do not create muddy soil. 
 

I. Before planting, obtain Landscape Architect's acceptance of finish grading; restore 
planting areas if eroded or otherwise disturbed after finish grading. 

 
 

3.3 PREPARATION FOR EROSION-CONTROL MATERIALS 
 

A. Prepare area as specified in "Turf Area Preparation" Article. 
 

B. For erosion-control mats, install planting soil in two lifts, with second lift equal to thickness 
of erosion-control mats. Install erosion-control mat and fasten as recommended by 
material manufacturer. 

 
C. Fill cells of erosion-control mat with planting soil and compact before planting. 
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D. For erosion-control blanket or mesh, install from top of slope, working downward, and as 
recommended by material manufacturer for site conditions. Fasten as recommended by 
material manufacturer. 

 
E. Moisten prepared area before planting if surface is dry. Water thoroughly and allow 

surface to dry before planting. Do not create muddy soil. 
 
 

3.4 SODDING 
 

A. Lay sod within 24 hours of harvesting. Do not lay sod if dormant or if ground is frozen or 
muddy. 

 
B. Lay sod to form a solid mass with tightly fitted joints. Butt ends and sides of sod; do not 

stretch or overlap. Stagger sod strips or pads to offset joints in adjacent courses. Avoid 
damage to subgrade or sod during installation. Tamp and roll lightly to ensure contact 
with subgrade, eliminate air pockets, and form a smooth surface. Work sifted soil or fine 
sand into minor cracks between pieces of sod; remove excess to avoid smothering sod 
and adjacent grass. 

 
1. Lay sod across angle of slopes exceeding 1:3. 
2. (If applicable) Anchor sod on slopes exceeding 1:6 with wood pegs or steel 

staples spaced as recommended by sod manufacturer but not less than 2 
anchors per sod strip to prevent slippage. 

 
C. Saturate sod with fine water spray within two hours of planting. During first week after 

planting, water daily or more frequently as necessary to maintain moist soil to a minimum 
depth of 1-1/2 inches below sod. 

 
 

3.5 TURF MAINTENANCE 
 

A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting, 
and performing other operations as required to establish healthy, viable turf. Roll, 
regrade, and replant bare or eroded areas and re-mulch to produce a uniformly smooth 
turf. Provide materials and installation the same as those used in the original installation. 

 
1. Fill in as necessary soil subsidence that may occur because of settling or other 

processes. Replace materials and turf damaged or lost in areas of subsidence. 
2. In areas where mulch has been disturbed by wind or maintenance operations, 

add new mulch and anchor as required to prevent displacement. 
3. Apply treatments as required to keep turf and soil free of pests and pathogens or 

disease. Use integrated pest management practices whenever possible to 
minimize the use of pesticides and reduce hazards. 

 
 

B. Watering: Install and maintain temporary piping, hoses, and turf-watering equipment to 
convey water from sources and to keep turf uniformly moist to a depth of 4 inches. 

 
1. Schedule watering to prevent wilting, puddling, erosion, and displacement of sod 

or mulch. Lay out temporary watering system to avoid walking over muddy or 
newly planted areas. 
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2. Water turf with fine spray at a minimum rate of 1 inch per week unless rainfall 
precipitation is adequate. 

 
C. Mow turf as soon as top growth is tall enough to cut. Repeat mowing to maintain 

specified height without cutting more than 1/3 of grass height. Remove no more than 1/3 
of grass-leaf growth in initial or subsequent mowings. Do not delay mowing until grass 
blades bend over and become matted. Do not mow when grass is wet. Schedule initial 
and subsequent mowings to maintain the following grass height: 

 
D. Turf Postfertilization: Apply fertilizer after initial mowing and when grass is dry. 

 
 

3.6 SATISFACTORY TURF 
 

A. Turf installations shall meet the following criteria as determined by Landscape Architect / 
Owner’s Representative: 

 
1. Satisfactory Sodded Turf: At end of maintenance period, a healthy, well-rooted, 

even-colored, viable turf has been established, free of weeds, open joints, bare 
areas, and surface irregularities. 

 
B. Use specified materials to reestablish turf that does not comply with requirements and 

continue maintenance until turf is satisfactory. 
 
 

3.7 PESTICIDE APPLICATION 
 

A. Apply pesticides and other chemical products and biological control agents in accordance 
with requirements of authorities having jurisdiction and manufacturer's written 
recommendations. Coordinate applications with Owner's operations and others in 
proximity to the Work. Notify Owner before each application is performed. 

 
B. Post-Emergent Herbicides (Selective and Non-Selective): Apply only as necessary to 

treat already-germinated weeds and in accordance with manufacturer's written 
recommendations. 

 
3.8 CLEANUP AND PROTECTION 

 
A. Promptly remove soil and debris created by turf work from paved areas. Clean wheels of 

vehicles before leaving site to avoid tracking soil onto roads, walks, or other paved areas. 
 

B. Erect temporary fencing or barricades and warning signs as required to protect newly 
planted areas from traffic. Maintain fencing and barricades throughout initial maintenance 
period and remove after plantings are established. 

 
C. Remove nondegradable erosion-control measures after grass establishment period. 

 
END OF SECTION 32 92 00 
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SECTION 32 93 00 – PLANTS 

PART 1 - GENERAL 

1.1 SUMMARY 
 

A. Section Includes: 
 

1. Plants (trees, shrubs, groundcover, etc.). 
 
 

1.2 SCOPE OF WORK 
 

A. The scope of work includes all labor, materials, appliances, tools, equipment, facilities, 
transportation and services necessary for, and incidental to performing all operations in 
connection with furnishing, delivery, and installation of plant (also known as 
"landscaping”) complete as shown on the drawings and as specified herein. 

 
B. The scope of work in this section includes, but is not limited to, the following: 

 
1. Locate, purchase, deliver and install all specified plants. 
2. Water all specified plants. 
3. Mulch, fertilize, stake, and prune all specified plants. 
4. Maintain all specified plants until the end of the maintenance period. 
5. Clean up and disposal of all excess and surplus material. 
6. Perform corrective work and/or replace plants per the warranty during the 

warranty period. 
 
 

1.3 CONTRACTOR RESPONSIBILITIES 
 

A. Provide all equipment, materials and labor necessary for completion of work. 
 

B. Obtain all necessary permits, licenses and fees necessary for completion of the work. 
Comply with all applicable codes. 

 
C. Provide safe storage for all equipment and materials. Keep pavements clean and work 

area in an orderly condition. 
 

D. Conduct a pre-installation conference on the Project Site. 
 

1. Prior to the start of work, prepare a detailed schedule of the work for coordination 
with other trades. 

2. Relative positions of all plants and trees are subject to approval of the Owner's 
Representative. See Part 3 Execution for more information. 

 
E. Coordinate all work around underground utilities with Owner and General Contractor to 

avoid conflict with other portions of the work on this project. Determine location of 
underground utilities before excavating; hand excavate where required to avoid damage 
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to utilities. Contact utility locating services at least 72 hours before excavation. The utility 
location service for most utilities is the Florida Utility Locating Service at 800-432-4770. 

 
F. Repair, at no cost to the Owner, any damage occurring on the property, adjacent 

properties, or right-of-way by his work or his employees. 
 

G. Carry all necessary insurance as specified in the General Conditions. 
 

H. Make all necessary adjustments to establish healthy, vigorous plants. Fine grading for an 
even final appearance is critical. 

 
 

1.4 VERIFICATION 
 

A. All scaled dimensions on the drawings are approximate. Before proceeding with any 
work, the Contractor shall carefully check and verify all dimensions and quantities, and 
shall immediately inform the Owner’s Representative of any discrepancies between the 
information on the drawings and the actual conditions, refraining from doing any work in 
said areas until given approval to do so by the Owner’s Representative. 

 
B. In the case of a discrepancy in the plant quantities between the plan drawings and the 

plant call outs, list or plant schedule, the number of plants or square footage of the 
planting bed actually drawn on the plan drawings shall be deemed correct and prevail. 

 
 

1.5 RELATED DOCUMENTS AND REFERENCES 
 

A. Related Documents: 
 

1. Drawings and general provisions of contract including general and 
supplementary conditions and Division I specifications apply to work of this 
section. 

2. Related Specification Sections 
a. Section 32 92 00 – Turf and Grasses 
b. Section 32 84 00 – Planting Irrigation 

 
B. References: The following specifications and standards of the organizations and 

documents listed in this paragraph form a part of the specification to the extent required 
by the references thereto. In the event that the requirements of the following referenced 
standards and specification conflict with this specification section the requirements of this 
specification shall prevail. In the event that the requirements of any of the following 
referenced standards and specifications conflict with each other the more stringent 
requirement shall prevail or as determined by the Owners Representative. 

 
1. ANSI Z60.1 American Standard for Nursery Stock, most current edition. 
2. ANSI A 300 – Standard Practices for Tree, Shrub and other Woody Plant 

Maintenance, most current edition and parts. 
3. Florida Grades and Standards for Nursery Stock, current edition (Florida 

Department of Agriculture, Tallahassee FL). 
4. Interpretation of plant names and descriptions shall reference the following 

documents. Where the names or plant descriptions disagree between the several 
documents, the most current document shall prevail. 
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a. USDA - The Germplasm Resources Information Network (GRIN) 
http://www.ars-grin.gov/npgs/searchgrin.html 

b. Manual of Woody Landscape Plants; Michael Dirr; Stipes Publishing, 
Champaign, Illinois; Most Current Edition. 

5. Glossary of Arboricultural Terms, International Society of Arboriculture, 
Champaign IL, most current edition. 

 
 

1.6 DEFINITIONS 
 

A. Balled and Burlapped Stock: Plants dug with firm, natural balls of earth in which they 
were grown, with ball size not less than diameter and depth recommended by ANSI 
Z60.1 for type and size of plant required; wrapped with burlap, tied, rigidly supported, and 
drum laced with twine with the root flare visible at the surface of the ball as recommended 
by ANSI Z60.1. Soil shall be removed to expose root flare if not evident at installation. 
Trees growing in field soil for at least 12 months prior to harvest. 

 
B. Bare-Root Stock: Not Allowed. 

 
C. Container-Grown Stock: Healthy, vigorous, well-rooted plants grown in a container, with a 

well-established root system reaching sides of container and maintaining a firm ball when 
removed from container. Container shall be rigid enough to hold ball shape and protect 
root mass during shipping and be sized according to ANSI Z60.1 for type and size of 
plant required. Kinked / circling roots shall not be allowed. 

 
D. Finish Grade: Elevation of finished surface of planting soil. 

 
E. Healthy: Plants that are growing in a condition that expresses leaf size, crown density, 

color; and with annual growth rates typical of the species and cultivar’s horticultural 
description, adjusted for the planting site soil, drainage and weather conditions. 

 
F. Kinked (“circling”) root: A root within the root package that bends more than 90 degrees. 

also see “Stem Girdling Roots”. 
 

G. Maintenance: Actions that preserve the health of plants after installation and as defined in 
this specification. 

 
H. Maintenance period: The time period, as defined in this specification, which the 

Contractor is to provide maintenance. 
 

I. Manufactured Topsoil: Soil produced off-site by homogeneously blending mineral soils or 
sand with stabilized organic soil amendments to produce topsoil or planting soil. 

 
J. Normal: the prevailing protocol of industry standard(s). 

 
K. Pesticide: A substance or mixture intended for preventing, destroying, repelling, or 

mitigating a pest. This includes insecticides, miticides, herbicides, fungicides, 
rodenticides, and molluscicides. It also includes substances or mixtures intended for use 
as a plant regulator, defoliant, or desiccant. 

http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
http://www.ars-grin.gov/npgs/searchgrin.html
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L. Pests: Living organisms that occur where they are not desired or that cause damage to 
plants, animals, or people. These include insects, mites, grubs, mollusks (snails and 
slugs), rodents (gophers, moles, and mice), unwanted plants (weeds), fungi, bacteria, 
and viruses. 

 
M. Plant; Plants; Plant Material: These terms refer to vegetation in general, including trees, 

shrubs, vines, ground covers, ornamental grasses, bulbs, corms, tubers, or herbaceous 
vegetation. 

 
N. Planting Soil: Standardized topsoil; existing, native surface topsoil; existing, in-place 

surface soil; imported topsoil; or manufactured topsoil that is modified with soil 
amendments and perhaps fertilizers to produce a soil mixture best for plant growth. Per 
plans. 

 
O. Reasonable and reasonably: 

 
1. When used in this specification relative to plant quality, it is intended to mean that 

the conditions cited will not affect the establishment or long-term stability, health 
or growth of the plant. This specification recognizes that it is not possible to 
produce plants free of all defects, but that some accepted industry protocols and 
standards result in plants unacceptable to this project. 

2. When reasonable or reasonably is used in relation to other issues such as 
weeds, diseased, insects, it shall mean at levels low enough that no treatment 
would be required when applying recognized Integrated Plant Management 
practices. 

3. This specification recognizes that some decisions cannot be totally based on 
measured findings and that professional judgment is required. In cases of 
differing opinion, the Owner’s Representative’s expert shall determine when 
conditions are judged as reasonable. 

 
P. Root ball: The mass of roots including any soil or substrate that is shipped with the tree 

within the root ball package. 
 

Q. Root Flare: Also called "trunk flare." The area at the base of the plant's stem or trunk 
where the stem or trunk broadens to form roots; the area of transition between the root 
system and the stem or trunk. Soil should be removed to expose this flare if needed. 

 
R. Root Stabilization System: As directed by plans, 2x2 pine stakes with associated 

crossbars. These shall be used in place of standard staking/guying details. 
 

S. Shrub: Woody plants with mature height approximately less than 15 feet. 
 

T. Spade harvested and transplanted: Field grown trees that are mechanically harvested 
and immediately transplanted to the final growing site without being removed from the 
digging machine. 

 
U. Stem Girdling Roots: Any root more than ¼ inch diameter currently touching the trunk, or 

with the potential to touch the trunk, above the root collar approximately tangent to the 
trunk circumference or circling the trunk. Roots shall be considered as Stem Girdling that 
have, or are likely to have in the future, root to trunk bark contact. Roots that encircle the 
stems (trunks) of trees below the soil surface. Potential circling roots shall be removed 
upon installation to avoid such problems. 
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V. Sub-grade: Surface or elevation of subsoil remaining after excavation is complete, or top 
surface of a fill or backfill before planting soil is placed. 

 
W. Subsoil: All soil beneath the topsoil layer of the soil profile, and typified by the lack of 

organic matter and soil organisms. 
 

X. Surface Soil: Soil that is present at the top layer of the existing soil profile at the Project 
site. In undisturbed areas, the surface soil is typically topsoil, but in disturbed areas such 
as urban environments, the surface soil can be subsoil. 

 
Y. Structural root: One of the largest roots emerging from the root collar. 

 
Z. Tree: Single and multi-stemmed plants with mature height approximately greater than 15 

feet. 
 
 

1.7 SUBMITTALS 
 

A. All submittals are to be made in writing per the General Conditions. 
 

B. Landscape Contractor Qualifications: Submit contractor qualifications before award, if 
requested. Include the date the business was established and a list of 3 completed 
installations of similar scope. Include location; name and address of owner; and date 
when each project was completed. 

 
1. Installer's Field Supervision: Require Installer to maintain an experienced full- 

time supervisor on Project site when work is in progress. 
2. Maintenance Proximity: Not more than two (2) hours' normal travel time from 

Installer's place of business to Project site. 
3. Pesticide Applicator: State licensed, commercial. 

 
C. Soil test report of soil mix with recommendations for pH adjustment of soil. 

 
D. Product Data: For each type of product indicated. 

 
1. Fertilizers. 
2. pH Adjusters 
3. Pesticides and Herbicides: Include product label and manufacturer's application 

instructions specific to this Project. 
4. Topsoil and soil conditioner; submit one quart of topsoil, yard sand, and soil 

conditioner if requested. 
5. Plant Photographs: Include color photographs in digital format of each required 

species and size of plant material as it will be furnished to the Project. Such 
photographs are especially important for the Palm and shade trees. Identify each 
photograph with the full scientific name of the plant, plant size, and name of the 
growing nursery. 

 
E. Product Certificates: For soil amendments and fertilizers, from manufacturer. 

 
F. Maintenance Instructions: Recommended procedures to be established by Owner for 

maintenance of turf during a calendar year. Submit before expiration of required initial 
maintenance periods. 
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1.8 DELIVERY, STORAGE, AND HANDLING 
 

A. Packaged Materials: Deliver packaged materials in original, unopened containers 
showing weight, certified analysis, name and address of manufacturer, and indication of 
conformance with state and federal laws if applicable. 

 
B. Bulk Materials: 

 
1. Do not dump or store bulk materials near structures, utilities, walkways and 

pavements, or on existing turf areas or plants. 
2. Provide erosion-control measures to prevent erosion or displacement of bulk 

materials, discharge of soil-bearing water runoff, and airborne dust reaching 
adjacent properties, water conveyance systems, or walkways. 

3. Accompany each delivery of bulk fertilizers, lime, and soil amendments with 
appropriate certificates. 

 
C. Do not prune trees and shrubs before delivery or following installation. Protect bark, 

branches, and root systems from sun scald, drying, wind burn, sweating, whipping, and 
other handling and tying damage. Do not bend or bind-tie trees or shrubs in such a 
manner as to destroy their natural shape. Provide protective covering of plants during 
shipping and delivery. Do not drop plants during delivery and handling. 

 
D. Handle planting stock by root ball. 

 
E. Store bulbs, corms, and tubers in a dry place at 60 to 65 deg F until planting. 

 
F. Deliver plants after preparations for planting have been completed, and install 

immediately. If planting is delayed more than six hours after delivery, set plants and  
trees in their appropriate aspect (sun, filtered sun, or shade), protect from weather and 
mechanical damage, and keep roots moist. 

 
1. Reject dried-out plants. 
2. Set balled stock on ground and cover ball with soil, peat moss, sawdust, or other 

acceptable material. 
3. Do not remove container-grown stock from containers before time of planting. 
4. Water root systems of plants stored on-site deeply and thoroughly with a fine- 

mist spray. Water as often as necessary to maintain root systems in a moist, but 
not overly-wet condition. 

 
 

1.9 PROJECT CONDITIONS 
 

A. Field Measurements: Verify actual grade elevations, service and utility locations, irrigation 
system components, and dimensions of plantings and construction contiguous with new 
plantings by field measurements before proceeding with planting work. 

 
B. Interruption of Existing Services or Utilities: Do not interrupt services or utilities to facilities 

occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary services or utilities according to requirements 
indicated: 

 
1. Notify Landscape Architect and Owner no fewer than two (2) days in advance of 

proposed interruption of each service or utility. 
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2. Do not proceed with interruption of services or utilities without Landscape 
Architect's and Owner's written permission. 

 
C. Landscape work may proceed at any time or season agreed upon by the Contractor and 

the Owner’s Representative. However, schedule and perform landscape work only when 
weather and soil conditions are suitable in accordance with local practice. Do not install 
plant materials when temperatures drop below 35° or above 95°Ft, nor when wind 
velocity exceeds 10 miles per hour. 

 
 
 

D. Coordinate planting periods with initial maintenance periods to provide required 
maintenance from date of Substantial Completion. 

 
 

1.10 WARRANTY 
 

A. Special Warranty: Installer agrees to repair or replace plantings and accessories that fail 
in materials, workmanship, or growth within specified warranty period. 

 
1. Failures include, but are not limited to, the following: 

a. Death and unsatisfactory growth, except for defects resulting from  
abuse, lack of adequate maintenance, or neglect by Owner, or incidents 
that are beyond Contractor's control. 

b. Structural failures including plantings falling or blowing over. 
c. Faulty performance of tree stabilization. 
d. Deterioration of metals, metal finishes, and other materials beyond 

normal weathering. 
2. Warranty Periods from Date of Substantial Completion: 

a. Trees, Shrubs, Vines, and Ornamental Grasses: Twelve (12) months. 
b. Ground Covers, Biennials, Perennials, and Other Plants: Twelve (12) 

months. 
3. Include the following remedial actions as a minimum: 

a. Immediately remove dead plants and replace unless required to plant in 
the succeeding planting season. 

b. Replace plants that are more than 25 percent dead or in an unhealthy 
condition at end of warranty period. 

c. Provide extended warranty for period equal to original warranty period, 
for replaced plant material. 

 
 

1.11 QUANTITIES 
 

A. In the event of a variation between the 1) plant quantities shown on the plans and the 2) 
required spacing-dependent quantity for a planting area, the required spacing shall 
control. 

 
 

PART 2 - PRODUCTS 
 

2.1 PLANT MATERIAL 
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A. General: Furnish nursery-grown plants true to genus, species, variety, cultivar, stem 
form, shearing, and other features indicated in Plant Schedule or Plant List shown on 
Drawings and complying with Florida Grades & Standards (Grade #1 or better; and with 
healthy root systems developed by transplanting or root pruning. Provide well-shaped, 
fully branched, healthy, vigorous stock, densely foliated when in leaf and free of disease, 
pests, eggs, larvae, and defects such as knots, sun scald, injuries, abrasions, and 
disfigurement. 

 
1. Trees with damaged, crooked, or multiple leaders; tight vertical branches where 

bark is squeezed between two branches or between branch and trunk ("included 
bark"); crossing trunks; cut-off limbs more than ¾” in diameter; or with stem 
girdling and/or circling roots will be rejected. 

2. Collected Stock: Do not use plants harvested from the wild, from native stands, 
from an established landscape planting, or not grown in a nursery unless 
otherwise indicated. 

 
B. Provide plants of sizes, grades, and ball or container sizes complying with Florida Grades 

& Standards for types and form of plants required. Plants of a larger size may be used if 
acceptable to Architect, with a proportionate increase in size of roots or balls. 

 
1. Plant size is to take precedence over container size. 

 
C. Root-Ball Depth: Furnish trees and shrubs with root balls measured from top of root ball, 

which shall begin at root flare according to Florida Grades and Standards. Root flare shall 
be visible before planting. 

 
D. If formal arrangements or consecutive order of plants is shown on Drawings, select stock 

for uniform height and spread, and number the labels to assure symmetry in planting. 
 

E. All plant material shall be graded #1 or Florida Fancy as outlined under the most current 
Grades and Standards for Nursery Plants, State Plant Board of Florida. 

 
 

2.2 PLANTING SOIL 
 

A. Fine sand or loamy fine sand indigenous to the area suitable for plant growth that is free 
of weeds, roots, stumps, rocks larger than 1/2” diameter, organic muck, hard pan, toxic 
substances detrimental to plant growth, and construction debris such as limerock, 
concrete, and asphalt pieces. Deliver in a normally moist condition, neither muddy nor 
wet. Soil used for topsoil shall meet the following criteria measured in accordance with 
the appropriate AASHTO and ASTM standard: 

 
1. USDA Texture: Fine Sand, Loamy fine sand 
2. AASHTO Classification: A-3 
3. pH 5.0-7.5 
4. Deleterious Material 0-2% maximum by mass (rocks, roots, sod) 
5. Organic Matter Content 1-10% by mass 

a. Preferred is final tested organic matter between 2.75 and 4% (by dry 
weight) 

6. Sand Content 80-96% by mass 
7. Silt & Clay Content 3-10% by mass 

 
B. Use existing soil in plant pits if the soil complies with the standard for topsoil, unless the 

soil is contaminated with limerock, clay, brush, weeds, roots, stumps, stones larger than 
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1 ½ inches in any dimension, litter and other extraneous or toxic matter harmful to plant 
growth. Remove contaminated soil and replace with acceptable stockpiled existing soil, 
new topsoil or yard sand. 

 
C. All shrubs shall have a planting hole dug 2x the width and depth of the root ball. Back fill 

shall be composed native soil and soil mix. See landscape notes “SOIL MIX” for guidance 
on development of soil mix. 

 
 
 

2.3 ORGANIC SOIL AMENDMENTS 
 

A. Provide 100% organic soil conditioner, free of limerock, clay, brush, weeds, roots, 
stumps, gravel, litter and other extraneous or toxic matter harmful to plant growth. Soil 
conditioner shall be one of the following: 

 
1. Compost: Meet requirements of Florida Department of Environmental Protection 

Rule 62.709.550 Type Y (yard waste). Compost shall be 100% organic yard and 
tree trimmings with a 25/1 carbon/nitrogen ratio, mature and stable, free of 
pathogens, weed seeds, and debris, composted for a minimum of 15 days at 131 
degrees F., with at least 3 turnings, then shredded to pass through a 1/2 inch 
mesh screen. Available from Enviro-Comp Services, Inc.; 11771 Phillips 
Highway; Jacksonville, Fl 32256; 904-292-1828. 

2. Wood Derivatives: Decomposed, nitrogen-treated sawdust, ground bark, or wood 
waste; of uniform texture and free of chips, stones, sticks, soil, or toxic materials. 
Mechanically shredded pine bark with at least 90% of particle size ¼” or less. In 
lieu of decomposed wood derivatives, mix partially decomposed wood derivatives 
with ammonium nitrate at a minimum rate of 0.15 lb/cu. ft. of loose sawdust or 
ground bark, or with ammonium sulfate at a minimum rate of 0.25 lb/cu. ft. of 
loose sawdust or ground bark. 

 
 

2.4 FERTILIZERS 
 

A. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, 
consisting of fast- and slow-release nitrogen, 50% derived from natural organic sources 
of urea formaldehyde, phosphorous, and potassium in the following composition: 

 
1. Composition: Develop to address soil test. If no soil test is required, provide 1 

lb/1000 sq. ft. of actual nitrogen, 4% phosphorous, and 2% potassium, by weight. 
2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended 

in soil reports from a qualified soil-testing laboratory. 
 
 

2.5 MULCHES 
 

A. Pinestraw Mulch: Provide air-dry, clean, mildew- and seed-free, mulch 
 
 

2.6 PESTICIDES 
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A. General: Pesticide, registered and approved by EPA, acceptable to authorities having 
jurisdiction, and of type recommended by manufacturer for each specific problem and as 
required for Project conditions and application. Do not use restricted pesticides unless 
authorized in writing by authorities having jurisdiction. 

 
B. Pre-Emergent Herbicide (Selective and Non-Selective): Effective for controlling the 

germination or growth of weeds within planted areas at the soil level directly below the 
mulch layer. 

 
 
 

C. Post-Emergent Herbicide (Selective and Non-Selective): Effective for controlling weed 
growth that has already germinated. 

 
 

2.7 TREE STABILIZATION MATERIALS 
 

A. Stakes and Guys are to be used only on transplanted trees. Stabilization of transplanted 
trees per arborists direction. 

 
B. Root Stabilization System 

 
1. Crossbars: Rough-sawn, sound, new hardwood or softwood, free of knots, holes, 

cross grain, and other defects, 2x6 untreated pine, nominal by lengths indicated, 
located on both sides of the tree. Qty: 4 per tree. 

2. Straps: ¾” polyester strapping with plastic or metal earth anchors per 
manufacturer guidelines. 

3. Stabilization system shall remain in place to naturally decay in place. Cut 
polyester straps following establishment. 

 
C. Palm Bracing: 

 
1. Wood battens: 2”x8” rough sawn pine battens pre-cut with notch for support 

timbers and fitted with steel restraining strap. 
2. Wooden Braces: 2”x4” rough sawn pine supports. 

 
 

2.8 MISCELLANEOUS PRODUCTS 
 

A. Burlap: Non-synthetic, biodegradable. 
 
 

PART 3 - EXECUTION 
 

3.1 EXAMINATION 
 

A. Contractor shall obtain soil testing for the areas around proposed project site. A minimum 
of 3 areas shall be tested. 15 samples, distributed per agreement with Landscape 
Architect, shall be taken for each area; 6”-10” in depth. Results shall be reviewed with the 
Owner and Landscape Architect prior to planting. This shall be mixed and submitted for 
testing for the following factors: 

 
1. pH / Buffer pH 
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2. Organic content / Sand content / Silt and Clay Content (percentage) 
3. Phosphorous / Potassium / Calcium / Magnesium 
4. AASHTO classification 

 
B. Contractor shall provide landscape bed preparation, including removal and disposal of 

existing landscape and trees (trees to remain are noted on plan). Contractor shall pull 
any applicable permits, such as tree removal permit. 

 
 
 

C. Examine areas to be planted for compliance with requirements and other conditions 
affecting performance. 

 
1. Verify that no foreign or deleterious material or liquid such as paint, paint 

washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, 
gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or acid has 
been deposited in soil within a planting area. 

2. Do not mix or place soils and soil amendments in frozen, wet, or muddy 
conditions. 

3. Suspend soil spreading, grading, and tilling operations during periods of 
excessive soil moisture until the moisture content reaches acceptable levels to 
attain the required results. 

4. Uniformly moisten excessively dry soil that is not workable and which is too 
dusty. 

 
D. Proceed with installation only after unsatisfactory conditions have been corrected. 

 
E. If soil does not meet definition for PLANTING SOIL (as defined in part 2) or 

contamination by foreign or deleterious material or liquid is present in soil within a 
planting area, remove the soil and contamination as directed by Landscape Architect and 
replace with new planting soil. 

 
 

3.2 PLANT GUIDELINES / PLACEMENT 
 

A. Planting design reflects that vegetation that exceeds twenty-five (25) feet in height at 
maturity should not be planted closer than fifteen (15) feet of the vertical plane of an 
existing power line, excluding service wires. Notify Landscape Architect immediately of 
any potential conflict with overhead utilities. 

 
B. Coordinate the relocation of any irrigation lines, heads or the conduits of other utility lines 

that are in conflict with tree locations. Root balls shall not be altered to fit around lines. 
Notify the Owner's Representative of any conflicts encountered. 

 
C. Schedule the planting to occur prior to application of the mulch. If the bed is already 

mulched, pull the mulch from around the hole and plant into the soil. Do not plant the root 
system in the mulch. Pull mulch back so it is not on the root ball surface. 

 
D. Trees shall not be planted closer than 7.5' from the centerline of underground utilities. 

 
E. Non-canopy trees shall not be planted closer than two (2) feet from any pavement edge. 

Canopy trees shall be planted no closer than six (6) feet from any pavement edge. 
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3.3 PREPARATION 
 

A. Protect structures, utilities, sidewalks, pavements, and other facilities and turf areas and 
existing plants from damage caused by planting operations. 

 
B. Install erosion-control measures to prevent erosion or displacement of soils and 

discharge of soil-bearing water runoff or airborne dust to adjacent properties and 
walkways. 

 
 

C. Remove shrubs and root mass to depth of 12” minimum. 
 

D. Lay out individual tree and shrub locations and areas for multiple plantings. Stake 
locations, outline areas, adjust locations when requested, and obtain Landscape 
Architect's acceptance of layout before excavating or planting. Make minor adjustments 
as required. 

 
1. Coordinate the relocation of any irrigation lines, heads or the conduits of other 

utility lines that are in conflict with tree locations. Root balls shall not be altered to 
fit around lines. Notify the Owner's Representative of any conflicts encountered. 

2. Notify the owner's representative, one (1) week prior to layout. Layout all 
individual tree and shrub locations. Place plants above surface at planting 
location or place a labeled stake at planting location. Layout bed lines with paint 
for the owner's representative's approval. Secure the owner's representative's 
acceptance before digging and start of planting work. 

3. Plants shall be planted in even, triangularly spaced rows, at the intervals called 
out for on the drawings, unless otherwise noted. The first row of annual flower 
plants shall be 6 inches from the bed edge unless otherwise directed. 

 
E. Assure that soil moisture is within the required levels prior to planting. Irrigation, if 

required, shall not be applied less than 12 hours prior to planting to avoid planting in 
muddy soils. 

 
F. Wrap trees and shrubs with burlap fabric over trunks, branches, stems, twigs, and foliage 

to protect from wind and other damage during digging, handling, and transportation. 
 
 

3.4 PLANTING AREA ESTABLISHMENT 
 

A. Soil in tree islands shall have at least 12" of suitable soil for tree plantings, and be void of 
any construction debris or unsuitable materials. 

 
B. Loosen sub-grade of planting areas to a minimum depth of 12”. Remove stones larger 

than 1” in any dimension and sticks, roots, rubbish, and other extraneous matter and 
legally dispose of them off Owner's property. 

 
1. Apply commercial fertilizer directly to subgrade before loosening. 
2. Spread topsoil, apply soil amendments and fertilizer on surface, and thoroughly 

blend planting soil. 
a. Delay mixing fertilizer with planting soil if planting will not proceed within 

a few days. 
b. At the time of final grading, add fertilizer or acidifier if required to the 

planting soil at rates recommended by the testing results for the plants to 
be grown. 
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c. Mix the coarse sand and compost together first and then add to the 
topsoil. Mix with a loader bucket to loosely incorporate the topsoil into the 
coarse sand/compost mix. Do not over mix. Do not mix with a soil 
blending machine. Do not screen the soil. Clumps of soil, compost and 
coarse sand will be permitted in the overall mix. 

3. Spread planting soil to a depth of 12 inches but not less than required to meet 
finish grades after natural settlement. Do not spread if planting soil or sub-grade 
is frozen, muddy, or excessively wet. 
a. Spread approximately one-half the thickness of planting soil over 

loosened subgrade. Mix thoroughly into top 4” of subgrade. Spread 
remainder of planting soil. 

 
C. Finish Grading: Grade planting areas to a smooth, uniform surface plane with loose, 

uniformly fine texture. Roll and rake, remove ridges, and fill depressions to meet finish 
grades. 

 
1. Assure that soil grades in the beds are smooth and as shown on the plans. 

 
D. Before planting, obtain Landscape Architect's acceptance of finish grading; restore 

planting areas if eroded or otherwise disturbed after finish grading. 
 

E. Application of Mycorrhizal Fungi: At time directed by Landscape Architect, broadcast dry 
product uniformly over prepared soil at manufacturers application rate. 

 
 

3.5 EXCAVATION FOR TREES AND SHRUBS 
 

A. Planting Pits and Trenches: Excavate circular planting pits with sides sloping gradually 
inward at a 45° angle. Excavations with vertical sides are not acceptable. Ensure that 
root ball will sit on undisturbed base soil to prevent settling. Scarify sides of planting pit 
smeared or smoothed during excavation. 

 
1. Excavate approximately two times as wide as ball diameter for balled and 

burlapped and container-grown stock. 
2. Do not excavate deeper than 90% depth of the root ball, measured from the root 

flare to the bottom of the root ball. 
3. If area under the plant was initially dug too deep, add soil to raise it to the correct 

level and thoroughly tamp the added soil to prevent settling. 
4. Maintain required angles of repose of adjacent materials as shown on the 

Drawings. Do not excavate subgrades of adjacent paving, structures, 
hardscapes, or other new or existing improvements. 

5. Maintain supervision of excavations during working hours. 
6. Keep excavations covered or otherwise protected when unattended by Installer's 

personnel. 
7. If drain tile is shown on Drawings or required under planting areas, excavate to 

top of porous backfill over tile. 
 

B. Back fill with planting mix. See "soil mix" guidelines in Landscape Notes. Subsoil and 
topsoil removed from excavations may be used as planting soil. 

 
C. Obstructions: Notify Landscape Architect if unexpected rock or obstructions detrimental 

to trees or shrubs are encountered in excavations. 
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1. Hardpan Layer: Drill 6-inch- diameter holes, 24 inches apart, into free-draining 
strata or to a depth of 10 feet, whichever is less, and backfill with free-draining 
material. 

 
D. Drainage: Notify Landscape Architect if subsoil conditions evidence unexpected water 

seepage or retention in tree or shrub planting pits. 
 
 
 

E. Fill excavations with water and allow complete percolation before positioning trees and 
shrubs. 

 
 

3.6 TREE, SHRUB, AND VINE PLANTING 
 

A. Before planting, verify that root flare is visible at top of root ball according to ANSI Z60.1. 
If root flare is not visible, remove soil in a level manner from the root ball to where the 
top-most root emerges from the trunk. After soil removal to expose the root flare, verify 
that root ball still meets size requirements. 

 
B. Remove stem girdling roots and kinked roots. Remove injured roots by cutting cleanly; do 

not break. 
 

C. Set balled and burlapped stock plumb and in center of planting pit or trench with root flare 
approximately 1 inch above adjacent finish grades (10% of root ball above grade). 

 
1. Use planting soil (soil mix) for backfill. 
2. After placing some backfill around root ball to stabilize plant, carefully cut and 

remove burlap, rope, and wire baskets from tops of root balls and from sides, but 
do not remove from under root balls. Remove pallets, if any, before setting. Do 
not use planting stock if root ball is cracked or broken before or during planting 
operation. 

3. Backfill around root ball in layers, tamping to settle soil and eliminate voids and 
air pockets. When planting pit is approximately one-half filled, water thoroughly 
before placing remainder of backfill. Repeat watering until no more water is 
absorbed. 
a. Back fill with planting mix. See "soil mix" guidelines in Landscape Notes. 

Subsoil and topsoil removed from excavations may be used as planting 
soil. 

4. Continue backfilling process. Water again after placing and tamping final layer of 
soil. 

 
D. Set container-grown stock plumb and in center of planting pit or trench with root flare 

approximately 1 inch above adjacent finish grades (10% of root ball above grade). 
 

1. Use planting soil for backfill. 
2. Carefully remove root ball from container without damaging root ball or plant. 
3. Backfill around root ball in layers, tamping to settle soil and eliminate voids and 

air pockets. When planting pit is approximately one-half filled, water thoroughly 
before placing remainder of backfill. Repeat watering until no more water is 
absorbed. 

4. Continue backfilling process. Water again after placing and tamping final layer of 
soil. 
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C. Cut exposed roots cleanly during transplanting operations. 

F. Where possible, orient the tree in the same direction as in its original location. 

 

E. Water each planting area as soon as the planting is completed. Apply additional water to 
keep the soil moisture at the required levels. Do not over water. 

 
 

3.7 PALM PLANTING 
 

A. Palm trees shall be placed at grade making sure not to plant the tree any deeper in the 
ground than the palm trees originally stood. 

 
B. The trees shall be placed with their vertical axis in a plumb position. 

 
C. All backfill shall be native soil except in cases where planting in rock. Water-settle the 

back fill. 
 

D. Do not cover root ball with mulch or topsoil. 
 

E. Provide a watering berm at each palm. Berms shall extend a minimum of 18 inches out 
from the trunk all around and shall be a minimum of (6) inches high. 

 
F. Remove twine which ties fronds together after placing palm in planting hole and securing 

it in the upright position. 
 
 

3.8 MECHANIZED TREE SPADE PLANTING (not anticipated) 
 

A. Trees may be planted with an approved mechanized tree spade at the designated 
locations. Do not use tree spade to move trees larger than the maximum size allowed for 
a similar field-grown, balled-and-burlapped root-ball diameter according to ANSI Z60.1, or 
larger than the manufacturer's maximum size recommendation for the tree spade being 
used, whichever is smaller. 

 

B. When extracting the tree, center the trunk within the tree spade and move tree with a 
solid ball of earth. 

 

 

D. Use the same tree spade to excavate the planting hole as was used to extract and 
transport the tree. 

 

E. Plant trees as shown on Drawings, following procedures in "Tree, Shrub, and Vine 
Planting" Article. 

 

 
 

3.9 TREE, SHRUB, AND VINE PRUNING 
 

A. Prune plants as directed by the owner's representative. Pruning trees shall be limited to 
addressing structural defects as shown in details; follow recommendations per ANSI 
A300 and ISA best management practices. 

 
 

3.10 TREE STABILIZATION 
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A. Install root stabilization as follows unless otherwise indicated: 
 

1. Site-Fabricated Root Stabilization Method: 
a. Cut 2x6 pine crossbars the width of the root ball approximately 6” from 

the trunk. 
b. Attached the crossbars to the polyester straps and stakes, as shown on 

planting detail plans. 
c. Install Root Stabilizers per tree, 12” apart on either side of the tree trunk. 

B. Palm Bracing: Tree staples, as noted on plans. 
 

1. Wood battens: Secure five (5) layers of burlap to trunk and tighten wooden 
battens to trunk with metal retaining bands. 

2. Wooden Braces: Drive bases of brace into ground a minimum of 24” and toe-nail 
into wood battens. Space three supports evenly on the diameter of each tree. 
Paint black. 

 
 

3.11 GROUND COVER AND PLANT PLANTING 
 

A. Set out and space ground cover and plants other than trees, shrubs, and vines as 
indicated in even rows with triangular spacing. 

 
B. Use planting soil (soil mix) for backfill. 

 
C. Dig holes large enough to allow spreading of roots. 

 
D. For rooted cutting plants supplied in flats, plant each in a manner that will minimally 

disturb the root system but to a depth not less than two nodes. 
 

E. Work soil around roots to eliminate air pockets and leave a slight saucer indentation 
around plants to hold water. 

 
F. Water thoroughly after planting, taking care not to cover plant crowns with wet soil. 

 
G. Protect plants from hot sun and wind; remove protection if plants show evidence of 

recovery from transplanting shock. 
 
 

3.12 PLANTING AREA MULCHING 
 

A. Mulch backfilled surfaces of planting areas and other areas a minimum of 3”. Apply a 
minimum of 2-3 inches depth of pine straw mulch before settlement, covering the entire 
planting bed area. Install no more than 1 inch of mulch over the top of the root balls of all 
plants. Taper to 2 inches when abutting pavement. 

 
B. Apply mulch to the bed being sure not to cover the tops of the plants with or the tops of 

the root ball with mulch. 
 

C. For trees planted in lawn areas the mulch shall extend to a 5 foot radius around the tree 
or to the extent indicated on the plans and spaced at least six inches away from the tree 
trunk. 
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D. Lift all leaves, low hanging stems and other green portions of small plants out of the 
mulch if covered. 

 
 

3.13 PLANT MAINTENANCE 
 

A. Maintain plantings by pruning, cultivating, watering, weeding, fertilizing, mulching, 
restoring planting saucers, adjusting and repairing tree-stabilization devices, resetting to 
proper grades or vertical position, and performing other operations as required to 
establish healthy, viable plantings. Spray or treat as required to keep trees and shrubs 
free of insects and disease. 

 
B. Fill in as necessary soil subsidence that may occur because of settling or other 

processes. Replace mulch materials damaged or lost in areas of subsidence. 
 

C. Apply treatments as required to keep plant materials, planted areas, and soils free of 
pests and pathogens or disease. Use integrated past management practices whenever 
possible to minimize the use of pesticides and reduce hazards (see University of Florida 
Department of Entomology for more information). Treatments include physical controls 
such as hosing off foliage, mechanical controls such as traps, and biological control 
agents. 

 
D. Maintain plantings for a period of 90 days after Substantial Completion. Correct all 

observed deficiencies prior to expiration of this period. 
 
 

3.14 PESTICIDE APPLICATION 
 

A. Apply pesticides and other chemical products and biological control agents in accordance 
with authorities having jurisdiction and manufacturer's written recommendations. 
Coordinate applications with Owner's operations and others in proximity to the Work. 
Notify Owner before each application is performed. 

 
B. Pre-Emergent Herbicides (Selective and Non-Selective): Apply to tree, shrub, and 

ground-cover areas in accordance with manufacturer's written recommendations. Do not 
apply to seeded areas. 

 
C. Post-Emergent Herbicides (Selective and Non-Selective): Apply only as necessary to 

treat already-germinated weeds and in accordance with manufacturer's written 
recommendations. 

 
 

3.15 CLEANUP AND PROTECTION 
 

A. During planting, keep adjacent paving and construction clean and work area in an orderly 
condition. 

 
B. Protect plants from damage due to landscape operations and operations of other 

contractors and trades. Maintain protection during installation and maintenance periods. 
Treat, repair, or replace damaged plantings. 
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C. After installation and before Substantial Completion, remove nursery tags, nursery 
stakes, tie tape, labels, wire, burlap, and other debris from plant material, planting areas, 
and Project site. 

 
D. Spray down base of building to remove soil from construction activities. 

 
 

3.16 DISPOSAL 
 

A. Remove surplus soil and waste material including excess subsoil, unsuitable soil, trash, 
and debris and legally dispose of them off Owner's property. Recycle materials as 
appropriate. 

 
END OF SECTION 32 93 00 
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SECTION 32 96 00 - TRANSPLANTING 
 
 

PART 1 - GENERAL 
 
 

1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

 
 

1.2 SUMMARY 
 

A. Section includes transplanting non-nursery-grown trees. 
 

B. Related Requirements: 
 

1. Section 01 56 39 "Temporary Tree and Plant Protection" for protecting, trimming,  
pruning, repairing, and replacing existing trees to remain that interfere with, or are 
affected by, execution of the Work. 

2. Section 32 93 00 "Plants" for new trees from nursery-grown sources. 
 
 

1.3 DEFINITIONS 
 

A. General: See definitions in ANSI A300 (Part 6) and in ANSI Z60.1 pertaining to field-grown 
trees, except as otherwise defined in this Section. 

 
B. Caliper: Diameter of a trunk as measured by a diameter tape or the average of the smallest and 

largest diameters at a height 6 inches above the root flair for trees up to, and including, 4-inch 
size at this height; and as measured at a height of 12 inches above the root flair for trees larger 
than 4-inch size. 

 
C. Caliper (DBH): Diameter breast height; diameter of a trunk as measured by a diameter tape or 

the average of the smallest and largest diameters at a height 54 inches above the ground line. 
 

D. Root-Ball Depth: Measured from bottom of trunk flare to the bottom of root ball. 
 

E. Root-Ball Width: Measured horizontally across the root ball with an approximately circular form 
or the least dimension for non-round root balls, not necessarily centered on the tree trunk, but 
within tolerance according to ANSI Z60.1. 

 
F. Root Flare: Also called "trunk flare." The area at the base of the tree's stem or trunk where the 

stem or trunk broadens to form roots; the area of transition between the root system and the 
stem or trunk. 

 
 

1.4 PREINSTALLATION MEETINGS 
 

A. Preinstallation Conference: Conduct conference at Project site. 
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1. Review methods and procedures related to transplanting work include, but are not limited 
to, the following: 

 
a. Construction schedule. Verify availability of materials, personnel, equipment, and 

unimpeded access needed to make progress and avoid delays. 
b. Tree and plant protection. 
c. Tree maintenance. 
d. Arborist's responsibilities. 
e. Obstacles overhead and underground. 

 
 

1.5 ACTION SUBMITTALS 
 

A. Product Data: For each type of product. 
 

B. Shop Drawings and/or Cutsheets: For each of the following: 
 

1. Root-Ball-Stabilization System. 
2. Slow-Release Watering Devices. 

 
C. Pruning Schedule: Written schedule prepared by arborist detailing scope and extent of pruning 

each tree in preparation for and subsequent to transplanting. 
 

1. Species and size of plant. 
2. Location on site plan. Include unique identifier for each. 
3. Reason for pruning. 
4. Seasonal limitations on pruning. 
5. Preparatory Pruning: Time schedule and description of preparatory pruning to be 

performed. 
 

a. Indicate time in months preceding the extraction of the tree. 
b. Indicate diameter of root ball and depth of root pruning for each tree. 

 
6. Description of root and crown pruning during and subsequent to transplanting. 
7. Description of maintenance following pruning. 

 
 

1.6 INFORMATIONAL SUBMITTALS 
 

A. Qualification Data: For qualified tree-service firm and arborist. 
 

B. Certification: From arborist, certifying that transplanted trees have been protected during 
construction and that trees were promptly and properly treated and repaired when damaged. 

 
C. Maintenance Recommendations: From arborist, recommended procedures to be established by 

Owner for care and protection of trees after completing the Work. 
 

1. Submit before completing the Work. 
 

D. Existing Conditions: Documentation of existing trees indicated to be transplanted, which 
establishes preconstruction conditions that might be misconstrued as damage caused by 
construction activities. 
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1. Use sufficiently detailed color photographs or video recordings. Color shall accurately 
depict hue condition of foliage and bark. 

2. Include drawings and notations to indicate specific wounds and damage conditions of 
each tree designated to be transplanted. 

 
E. Tree-Transplanting Program: Submit before work begins. 

 
F. Sample Warranties: For special warranties. 

 
G. Tree-maintenance reports. 

 
 

1.7 QUALITY ASSURANCE 
 

A. Tree-Service Firm Qualifications: An experienced landscaping contractor or tree-moving firm 
that has successfully completed transplanting work similar to that required for this Project and 
that will assign an experienced, qualified arborist to Project site during execution of the Work. 

 
1. Arborist Qualifications: Certified Arborist as certified by ISA. 

 
B. Tree-Transplanting Program: Prepare a written plan by arborist for transplanting trees for the 

whole Project, including each phase or process, tree maintenance, and protection of 
surrounding materials during operations. Describe in detail the materials, methods, and 
equipment to be used for each phase of the transplanting work. 

 
1. Include transplanting times appropriate for each species at the Project location unless 

otherwise indicated on Drawings or directed by arborist. 
2. Include a transplanting schedule for each species to be transplanted, coordinated with 

the Project schedule. 
3. Include site plans clearly marked to show tree-moving routes from extraction to planting 

locations. Indicate proposed equipment, weight, and turning radii. 
4. Show details of temporary protective barriers where needed. 
5. Include diagrams showing clearances to utility lines and other encumbrances along route. 
6. Include care and maintenance provisions and eventual removal of tree stabilization. 

 
 

1.8 DELIVERY, STORAGE, AND HANDLING 
 

A. Packaged Materials: Deliver packaged materials in original, unopened containers showing 
weight, certified analysis, name and address of manufacturer, and indication of conformance 
with state and federal laws if applicable. 

 
B. Bulk Materials: 

 
1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, 

or on existing turf areas or trees. 
2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, 

discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties, 
water conveyance systems, or walkways. 

3. Accompany each delivery with appropriate certificates. 
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C. Protect bark, branches, and root systems from sun scald, drying, wind burn, sweating, whipping, 
and other handling and tying damage. Do not bend or bind-tie trees in such a manner as to 
destroy their natural shape. 

 
D. Completely cover foliage when transporting trees while they are in foliage. 

 
E. Handle trees by root ball. Do not drop trees. 

 
F. Move trees after preparations for planting have been completed, and install immediately. If 

planting is delayed more than six hours after moving, set trees in their appropriate aspect (sun, 
filtered sun, or shade), protect from weather and mechanical damage, and keep roots moist. 

 
 

1.9 FIELD CONDITIONS 
 

A. Field Measurements: Before commencing transplant work, verify final locations for trees. 
Identify proposed routes for movement and confirm overhead and side-to-side clearances along 
the routes. 

 
B. Examine existing tree locations, work areas, movement routes, and proposed planting sites for 

potential conflicts with existing trees, structures, irrigation systems, and utilities. Contact 
Sunshine 811 to coordinate utility locating services. After utility locations are painted, install 
stakes or flags to keep the utilities marked during transplanting. Flag irrigation heads and valve 
boxes. Use barricades, temporary fencing, or other standard methods to protect utilities and 
appurtenances from damage. 

 
C. Weather Limitations: Proceed with transplanting only when existing and forecasted weather 

conditions permit planting to be performed when beneficial and optimum results may be 
obtained. Do not transplant during excessively wet or frozen conditions. Apply products during 
favorable weather conditions according to manufacturer's written instructions and warranty 
requirements. 

 
D. Coordination with Other Construction Work: Perform transplanting before other work 

commences. If erosion control and/or security measures are already in place, coordinate to 
temporarily open a passage through chain link fencing or silt fencing. 

 
1. Remove and save the memorial marker near the magnolia to be transplanted. Deliver  

the marker to the Owner. 
2. Clear the shrubs and ground covers near the magnolia. Minimize disturbance of the 

tree’s root ball. 
 

E. Protection and Restoration of Owner’s Grounds: Proposed final tree transplant locations are 
outside the project construction area. Minimize damage to existing grounds. After transplanting 
is complete, remove damaged turfgrass, loosen and regrade impacted soil, and install new sod, 
following specifications Section 32 92 00 – Turf and Grasses, including irrigation for grass 
establishment. 

 
 

1.10 WARRANTY 
 

A. Installer's Special Warranty: Tree-service firm agrees to repair or replace trees and related 
materials that fail within specified warranty period. 
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1. Failures include, but are not limited to, the following: 
 

a. Death and unsatisfactory growth except for defects resulting from abuse, lack of 
adequate maintenance, or neglect by Owner, or incidents that are beyond 
Contractor's control. 

b. Death and unsatisfactory growth is defined as more than 25 percent dead or in an 
unhealthy condition or failure to meet general performance requirements at end of 
warranty period. 

c. Structural failures including trees falling or blowing over. 
d. Faulty performance of materials and devices related to tree plantings including tree 

stabilization and watering devices. 
 

2. Warranty Periods from Date of Transplanting Completion: 
 

a. Trees: 18 months. 
 

3. Include the following remedial actions as a minimum: 
 

a. Remove dead trees and trees with unsatisfactory growth at end of warranty period; 
replace when directed. 

b. A limit of one replacement of each tree will be required except for losses or 
replacements due to failure to comply with requirements. 

c. Replace materials and devices related to tree plantings. 
d. Provide extended warranty for period equal to original warranty period, for  

replaced trees. 
 
 

1.11 MAINTENANCE SERVICE 
 

A. Initial Maintenance Service: Provide tree maintenance by skilled employees of tree-service firm 
and as required in Part 3. Begin maintenance immediately after preparatory pruning and 
continue until plantings are healthy and well established but for not less than maintenance 
period below. 

 
1. Maintenance Period: 18 months from date of transplanting completion. 

 
B. Continuing Maintenance Proposal: From tree-service firm to Owner, in the form of a standard 

yearly (or other period) maintenance agreement, starting on date initial maintenance service is 
concluded. State services, obligations, conditions, and terms for agreement period and for 
future renewal options. 

 
 

PART 2 - PRODUCTS 
 
 

2.1 PERFORMANCE REQUIREMENTS 
 

A. General Performance: Transplanted trees shall be healthy and resume vigorous growth within 
18 months of transplanting without dieback due to defective extracting, handling, planting, 
maintenance, or other defects in the Work. 
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2.2 PLANTING MATERIALS 
 

A. Backfill Soil: Excavated soil mixed with compost of suitable moisture content and granular 
texture for placing and compacting in planting pit around tree, and free of stones, roots, plants, 
sod, clay lumps, concrete slurry, concrete layers or chunks, cement, plaster, building debris, 
and other extraneous materials harmful to plant growth. 

 
1. Mixture: Blended mix of 90% excavated soil and 10% compost. 

 
 

2.3 TREE-STABILIZATION MATERIALS 
 

A. Trunk and Root Ball Stabilization Materials: Stabilization system design, selection, installation, 
maintenance, and success shall be the responsibility of the tree service firm. Systems shall be 
customized for the forms, sizes, and weights of trees to be transplanted. 

 
 

2.4 WATERING DEVICES 
 

A. Slow-Release Watering Device: Standard product manufactured for drip-irrigation of plants and 
emptying its water contents over a period of 2 to 9 hours; manufactured from UV-light stabilized 
nylon-reinforced polyethylene sheet, PVC, or HDPE plastic. 

 
 

2.5 MISCELLANEOUS PRODUCTS 
 

A. Organic Mulch: Bagged, commercial shredded hardwood, shredded bark, or bark chips. 
 

B. Antidesiccant: Water-insoluble emulsion, permeable moisture retarder, film forming, for trees. 
Deliver in original, sealed, and fully labeled containers and mix according to manufacturer's 
written instructions. 

 
C. Burlap: Non-synthetic, biodegradable. 

 
D. Pesticides: Pesticide registered and approved by EPA, acceptable to authorities having 

jurisdiction, and of type recommended in writing by manufacturer for each specific problem and 
as required for Project conditions and application. Do not use restricted pesticides unless 
authorized in writing by authorities having jurisdiction. 

 
1. Pre-Emergent Herbicide (Selective and Non-Selective): Effective for controlling the 

germination or growth of weeds within planted areas at the soil level directly below the 
mulch layer. 

2. Post-Emergent Herbicide (Selective and Non-Selective): Effective for controlling weed 
growth that has already germinated. 

 
E. Planting Tablets: Tightly compressed chip type, long-lasting, slow-release, commercial-grade 

planting fertilizer in tablet form. Tablets shall break down with soil bacteria, converting nutrients 
into a form that can be absorbed by plant roots. 

 
1. Size: 5-gram, 10-gram, or 21-gram tablets, per manufacturer’s recommendation based 

on type and size of transplanted trees. 
2. Nutrient Composition: 20 percent nitrogen, 10 percent phosphorous, and 5 percent 

potassium, by weight plus micronutrients. 
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PART 3 - EXECUTION 
 
 

3.1 TREE-TRANSPLANTING SPECIALIST 
 

A. Tree-Transplanting Specialist Firms: Subject to compliance with requirements, have tree 
transplanting performed by a tree service firm specializing in transplanting trees. 

 
 

3.2 EXAMINATION 
 

A. Erosion and Sedimentation Control: Examine the site to verify that temporary erosion- and 
sedimentation-control measures are in place. Verify that flows of water redirected from 
construction areas or generated by construction activity do not enter or cross transplanting 
areas. 

 
B. For the record, prepare written report, endorsed by arborist, listing conditions detrimental to 

transplanting work and tree protection and health. 
 

C. Proceed with transplanting only after unsatisfactory conditions have been corrected. 
 
 

3.3 PREPARATION 
 

A. Protect structures, utilities, sidewalks, pavements, other facilities, turf areas, and other plants 
and planting areas from damage caused by transplanting operations. 

 
B. Utility Locator Service: Notify Sunshine 811 for area where Project is located before beginning 

excavation. 
 

C. Locate and clearly identify trees for transplanting. Tie a 1-inch blue-vinyl tape around each tree 
trunk. 

 
D. Lay out individual transplant locations. Stake locations, adjust locations when requested, and 

obtain Landscape Architect's acceptance of layout before transplanting. Make minor 
adjustments as required. 

 
E. Apply antidesiccant to trees uniformly, using power spray to provide an adequate film over 

trunks (before wrapping), branches, stems, twigs, and foliage to protect during extracting, 
handling, and transportation. 

 
1. If deciduous trees are moved in full leaf, spray with antidesiccant before extracting and 

again two weeks after transplanting. 
 
 

3.4 PREPARATORY PRUNING 
 

A. Root Pruning: Perform preparatory root pruning under direction of arborist eight weeks in 
advance of extracting each tree. 

 
1. Dig exploratory pits or trench by hand or with air spade around perimeter of tree at 

indicated root-ball width to determine locations of main lateral roots. 
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2. Dig trench by hand or with tree spade around perimeter of tree at indicated root-ball width 
to the depth of the root system. Do not use a backhoe or other equipment that rips, tears, 
or pulls roots. 

3. Root-Ball Width: Minimum 12 inches of root-ball diameter, or least dimension for non- 
round root balls, for each inch of tree caliper being transplanted. 

4. If encountering large, main lateral roots, expose roots beyond excavation limits as 
required to bend and redirect them without breaking. 

5. Use narrow-tine spading forks to comb soil to expose roots with minimal damage to root 
system. 

6. Cut exposed roots manually with sharp pruning instruments; do not break, tear, chop, or 
slant the cuts. Do not use a backhoe or other equipment that rips, tears, or pulls roots. 

7. Do not paint or apply sealants on cut root ends. 
8. Backfill trench with excavated soil. 

 
B. Crown Pruning (Tip Pruning): 

 
1. Do not perform preparatory crown pruning (tip pruning). 
2. Perform any corrective crown pruning as directed by arborist. Follow procedures as 

specified in "Crown Pruning" Article. 
 
 

3.5 HARDENING OFF 
 

A. General: Arborist to monitor the health of root-pruned trees during the eight-week hardening off 
period. Conduct temporary irrigation to maintain tree health and encourage root growth within 
the root ball. Report tree condition and verify irrigation applications in tree maintenance reports. 

 
 

3.6 EXCAVATION AND PLANTING EQUIPMENT 
 

A. Tree Spade: Track-mounted mechanized tree mover; sized according to manufacturer's size 
recommendation for each tree being transplanted. 

 
 

3.7 EXCAVATING PLANTING PITS 
 

A. General: Excavate under supervision of the arborist. 
 

1. Excavate planting pits or trenches with sides sloping. Trim perimeter of bottom leaving 
center area of bottom raised slightly to support root ball and assist in drainage away from 
center. Do not further disturb base. Ensure that root ball will sit on undisturbed base soil. 
Scarify sides of planting pit smeared or smoothed during excavation. 

2. Excavate approximately two times as wide as root ball. 
3. Keep excavations covered or otherwise protected until replanting trees. 

 
B. Subsoil and topsoil removed from excavations may be used as planting soil. 

 
C. Obstructions: Notify Landscape Architect if unexpected rock or obstructions detrimental to trees 

are encountered in excavations. 
 

D. Seepage: Notify Landscape Architect if subsoil conditions evidence unexpected water seepage 
into tree-planting pits. 
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E. Drainage: Fill planting pit or trench with 6 inches of water and time the infiltration rate of the soil. 
If the drainage rate is less than 0.25 inch per hour, notify Landscape Architect to determine 
need for subsurface drainage. 

 
 

3.8 EXTRACTING TREES 
 

A. General: Extract trees under supervision of the arborist. 
 

B. Orientation Marking: Mark the north side of each tree with non-permanent paint before 
extracting. 

 
C. Root-Ball Width: Minimum 12 inches of root-ball diameter, or least dimension for non-round root 

balls, for each inch of tree caliper being transplanted. 
 

D. Root-Ball Depth: As determined by the arborist for each species and size of tree and for site 
conditions at original and planting locations. 

 
E. Digging: 

 
1. Dig and clear a pit by hand or with tree spade to the depth of the root system. Do not use 

a backhoe or other equipment that rips, tears, or pulls roots. 
2. Use narrow-tine spading forks to comb soil to expose roots with minimal damage to root 

system. 
3. If encountering large, main lateral roots, expose roots beyond excavation limits as 

required to bend and redirect them without breaking. 
4. Cut exposed roots manually with sharp pruning instruments; do not break, tear, chop, or 

slant the cuts. Do not paint or apply sealants on cut root ends. 
5. Temporarily support and protect exposed roots from damage until they are permanently 

redirected and covered with soil. Cover roots with burlap and keep them moist until 
planted. 

 
F. Extracting with Tree Spade: Use the same tree spade to extract the tree as will be used to 

transport and plant the tree. 
 

1. Do not use tree spade to move trees larger than the manufacturer's maximum size 
recommendation for the tree spade being used. 

2. When extracting the tree, center the trunk within the tree spade and move tree with a 
solid ball of earth. 

 
 

3.9 PLANTING 
 

A. Planting Standard: Perform planting according to ANSI A300 (Part 6) unless otherwise 
indicated. 

 
B. Before planting, verify that root flare is visible at top of root ball. If root flare is not visible, 

remove soil in a level manner from the root ball to where the top-most root emerges from the 
trunk. After soil removal to expose the root flare, verify that root ball still meets size 
requirements. 

 
C. Ensure that root flare is visible after planting. 
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D. Remove injured roots by cutting cleanly; do not break. Do not paint or apply sealants on cut root 
ends. 

 
E. Orientation: Position the tree so that its north side, marked before extracting, is facing north in 

its new location. 
 

F. Set tree plumb and in center of planting pit with bottom of root flare 1 inch above adjacent finish 
grades. 

 
1. Use specified backfill soil for backfill. 
2. If area under the tree was initially dug too deep, add backfill to raise it to the correct level 

and thoroughly tamp the added soil to prevent settling. 
3. After placing some backfill around root ball to stabilize plant, begin backfilling. 
4. Backfill around root ball in layers, tamping to settle soil and eliminate voids and air 

pockets. When planting pit is approximately one-half filled, water thoroughly before 
placing remainder of backfill. Repeat watering until no more water is absorbed. 

5. Redirect exposed root ends downward in backfill areas where possible. Hand-expose 
roots as required to bend and redirect them without breaking. If encountered immediately 
adjacent to location of new construction and redirection is not practical, cut roots 
approximately 3 inches back from new construction and as required for root pruning. 

6. Place planting tablets in each planting pit when pit is approximately one-half filled; in 
amounts recommended by arborist. Place tablets beside the root ball about 1 inch from 
root tips; do not place tablets in bottom of the hole. 

7. Continue backfilling process. Water again after placing and tamping final layer of soil. 
 

G. Planting with Tree Spade: Use the same tree spade for planting as was used to extract and 
transport the tree. Do not use tree spade for trees larger than the manufacturer's maximum size 
recommendation for the tree spade being used. 

 
H. Slopes: When planting on slopes, set the tree so the root flare on the uphill side is flush with the 

surrounding soil on the slope; the edge of the root ball on the downhill side will be above the 
surrounding soil. Apply enough soil to cover the downhill side of the root ball. 

 
 

3.10 CROWN PRUNING 
 

A. Prune branches as directed by arborist. 
 

1. Prune to remove only injured, broken, dying, or dead branches. Do not prune for shape. 
2. Do not remove or reduce living branches to compensate for root loss caused by cutting 

root system or to improve natural tree form. 
3. Pruning Standards: Perform pruning according to ANSI A300 (Part 1). 

 
B. Unless otherwise directed by arborist and acceptable to Landscape Architect, do not cut tree 

leaders. 
 

C. Cut branches with sharp pruning instruments; do not break or chop. 
 

D. Do not paint or apply sealants to wounds. 
 

E. Provide subsequent maintenance during Contract period as recommended by arborist. 
 

F. Pick up removed branches and dispose of off-site 



©2020, HJ/PROJ. #18064.00 TRANSPLANTING 32 96 00 - 11 

St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents 
Bid Number: BID-SJR-03-2019  

 

 

3.11 TREE STABILIZATION 
 

A. Install tree stabilization systems as designed or specified by the tree service firm. 
 
 

3.12 MULCHING 
 

A. Organic Mulch: Apply 3-inch average thickness of organic mulch extending 12 inches beyond 
edge of individual planting pit and over whole surface of planting area, and finish level with 
adjacent finish grades. Do not place mulch within 6 inches of trunks or stems. 

 
 

3.13 INSTALLING SLOW-RELEASE WATERING DEVICE 
 

A. Provide one or more device(s) for each tree, per manufacturer’s recommendation. 
 

B. Place device on top of the mulch at base of tree and fill with water according to manufacturer's 
written instructions. 

 
 

3.14 TREE MAINTENANCE 
 

A. Perform tree maintenance as recommended by arborist. Maintain arborist observation of 
transplanting work. 

 
B. Maintain trees by pruning, cultivating, watering, weeding, fertilizing, mulching, restoring planting 

saucers, adjusting and repairing tree-stabilization devices, resetting to proper grades or vertical 
position, and performing other operations as required to establish healthy, viable plantings. 
Treat as required to keep trees free of insects and disease. 

 
C. From time of preparatory root pruning measure soil moisture adjacent to edge of each root ball 

weekly. Record findings and weather conditions. 
 

D. Fill areas of soil subsidence with backfill soil. Replenish mulch materials damaged or lost in 
areas of subsidence. 

 
E. Apply treatments as required to keep tree materials, planted areas, and soils free of pests and 

pathogens or disease. Use integrated pest management practices whenever possible to 
minimize the use of pesticides and reduce hazards. Treatments include physical controls such 
as hosing off foliage, mechanical controls such as traps, and biological control agents. 

 
F. Pesticide Application: Apply pesticides and other chemical products and biological control 

agents in accordance with authorities having jurisdiction and manufacturer's written instructions. 
Coordinate applications with Owner's operations and others in proximity to the Work. Notify 
Owner before each application is performed. 

 
1. Pre-Emergent Herbicides (Selective and Non-Selective): Apply in accordance with 

manufacturer's written instructions. Do not apply to seeded areas. 
2. Post-Emergent Herbicides (Selective and Non-Selective): Apply only as necessary to 

treat already-germinated weeds and in accordance with manufacturer's written 
instructions. 

 
G. Reports: Have arborist prepare monthly inspection reports. 
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3.15 REPAIR AND REPLACEMENT 
 

A. General: Repair or replace transplanted trees and other plants indicated to remain or be 
relocated that are damaged by construction operations, in a manner recommended by the 
arborist and approved by Landscape Architect. 

 
1. Submit details of proposed pruning and repairs. 
2. Perform repairs of damaged trunks, branches, and roots within 24 hours according to 

arborist's written instructions. 
3. Replace trees and other plants that cannot be repaired and restored to full-growth status, 

as determined by Landscape Architect. 
 

B. Remove and replace trees that are more  than  25  percent  dead  or  in  an  unhealthy  
condition before the end of the warranty period or are damaged during construction operations 
that Landscape Architect determines are incapable of restoring to normal growth pattern. 

 
1. Provide new trees of same size as those being replaced for each tree 
2. Species of Replacement Trees: Same species being replaced. 

 
 

3.16 CLEANUP AND PROTECTION 
 

A. During transplanting, keep adjacent paving and construction clean and work area in an orderly 
condition. 

 
B. Protect trees from damage due to transplanting operations and operations of other contractors 

and trades. Maintain protection during transplanting and maintenance periods. Treat, repair, or 
replace damaged plantings. 

 
C. After planting and before Substantial Completion, remove tags, markings, tie tape, labels, wire, 

burlap, and other debris from transplanted trees, planting areas, and Project site. 
 
 

3.17 DISPOSAL OF SURPLUS AND WASTE MATERIALS 
 

A. Except for materials indicated to be recycled, remove surplus soil, excess excavated material, 
waste materials, displaced plants, trash, and debris, and legally dispose of them off Owner's 
property. 

 
 

END OF SECTION 32 96 00 
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SECTION 33 05 00- COMMON WORK RESULTS FOR UTILITIES  

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS  
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. Section Includes: 
 
1.  Piping materials and installation instructions common to most piping systems. 
2.  Touchup painting and finishing. 

 

 

1.3 DEFINITIONS  

 

A. Exposed Installations:  Exposed to view outdoors, or subject to outdoor ambient 
temperatures and weather conditions. 
 

B. The following are industry abbreviations for plastic materials: 
 
1.  PE:  Polyethylene. 
2.  PVC:  Polyvinyl chloride. 

 
1.4 SUBMITTALS  

 

A. Product Data: For identification materials and devices. 
 

B. Samples of color, lettering style, and other graphic representation required for each 
identification material and device. 
 

C. Shop Drawings:  Detail fabrication and installation for metal and wood supports, and 
anchorage for utility piping materials and equipment. 
 

D. Coordination Drawings:  Detail major elements, components, and systems of utility 
equipment and materials in relation to other systems, installations, and building components.  
Show space requirements for installation and access.  Indicate whether sequence and 
coordination of installations are important to efficient flow of the Work.  Include the following: 
 
1.  Planned piping layout, including valve and specialty locations and valve-stem 

movement. 
2.  Scheduling, sequencing, movement, and positioning of large equipment during 

construction. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe-end damage and entrance of dirt, debris, and moisture. 

 
B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade.  Do not exceed 

structural capacity of floor, if stored inside. 
 

C. Protect flanges, fittings, and piping specialties from moisture and dirt. 
 

D. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 
 

 

1.6 SEQUENCING AND SCHEDULING  

 

A. Coordinate connection of piping systems with other exterior underground and overhead 
utilities and services.  Comply with requirements of authorities having jurisdiction, franchised 
service companies, and controlling agencies. 
 

 

 

PART 2- PRODUCTS  

 

  

2.1 PIPE AND PIPE FITTINGS  

 

A. Refer to individual Division 33 Utilities Sections for pipe and fitting materials and joining 

methods. 

 

 

2.2 JOINING MATERIALS 

 

A. Refer to individual Division 33 Utilities Sections for special joining materials not listed below. 

 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 

contents. 

 

1.  ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness, unless 

otherwise indicated. 

a.  Full-Face Type:  For flat-face, Class 125 cast-iron and cast-bronze flanges. 

b.  Narrow-Face Type:  For raised-face, Class 250 cast-iron and steel flanges. 

 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

 

D. Plastic Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 

system manufacturer, unless otherwise indicated. 

 

E. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket. 

 

F. Flanged, Ductile-Iron-Pipe Gaskets, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon-

steel bolts and nuts. 
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2.3 PIPING SPECIALTIES   

 

A. Dielectric Fittings:  Assembly or fitting with insulating material isolating joined dissimilar 

metals, to prevent galvanic action and to stop corrosion. 

 

1.  Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and 

weld neck end types; and matching piping system materials. 

2.  Insulating Material:  Suitable for system fluid, pressure, and temperature. 

3.  Dielectric Unions:  Factory-fabricated union assembly, for 250-psig minimum working 

pressure at 180°F. 

4.  Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-

psig minimum working pressure as required to suit system pressures. 

5.  Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly; full-

face or ring type.  Components include neoprene or phenolic gasket, phenolic or PE 

bolt sleeves, phenolic washers, and steel backing washers. 

6.  Dielectric Nipples:  Electroplated steel nipple; with inert and noncorrosive, 

thermoplastic lining; plain, threaded, or grooved ends; and 300-psig minimum 

working pressure at 225° F. 

 

 

PART 3- EXECUTION  

 

 

3.1 PIPING SYSTEMS- COMMON REQUIREMENTS  

 

A. General:  Install piping as described below, unless piping Sections specify otherwise.  

Individual Division 33 Utilities Sections specify unique piping installation requirements. 

 

B. General Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate 

general location and arrangement of piping systems.  Indicated locations and arrangements 

were used to size pipe and calculate friction loss, expansion, pump sizing, and other design 

considerations.  Install piping as indicated, unless deviations to layout are approved on 

Coordination Drawings. 

 

C. Install piping at indicated slopes. 

 

D. Install components with pressure rating equal to or greater than system operating pressure. 

 

E. Install piping free of sags and bends. 

 

F. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 

 

G. Install fittings for changes in direction and branch connections. 

 

H. Install couplings according to manufacturer's written instructions. 

 

 

3.2 PAINTING AND FINISHING  
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A. Refer to Division 9 Section "Exterior Painting" for paint materials, surface preparation, and 

application of paint. 

 

B. Apply paint to exposed piping according to the following, unless otherwise indicated: 

 

1.  Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include 2 finish coats over 

rust-inhibitive metal primer. 

2.  Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include 2 finish coats 

over galvanized metal primer. 

 

C. Do not paint piping specialties with factory-applied finish. 

 

D. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials 

and procedures to match original factory finish. 

 

 

END OF SECTION 33 05 00 
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SECTION 33 10 00- WATER UTILITIES 

 

PART 1- GENERAL   

1.1 RELATED DOCUMENTS  
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. This Section includes water-distribution piping and related components outside the building for 
water service mains. 
 
 

1.3 DEFINITION  
 

A. PVC: Polyvinyl chloride plastic. 
 

B. PE: Polyethylene 
 

C. OS&Y: Outside Stem & Yoke 
 
 

1.4 ACTION SUBMITTALS 
 

A. Product Data: For each type of product indicated. 
 
 

1.5 INFORMATIONAL SUBMITTALS 
 

A. Coordination Drawings: For piping and specialties including relation to other services in same 
area, drawn to scale. Show piping and specialty sizes and valves, meter and specialty 
locations, and elevations. 
 

B. Field quality- control test reports. 
 
 

1.6 CLOSEOUT SUBMITTALS  
 

A. Operation and Maintenance Data: For water valves and specialties to include in emergency, 
operation, and maintenance manuals. 
 
 

1.7 QUALITY ASSURANCE  
 

A. Regulatory Requirements:  
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1.  Comply with standards of authorities having jurisdiction for potable-water-service 
piping, including materials, installation, testing, and disinfection. 

 
B. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

 
C. Comply with ASTM F 645 for selection, design, and installation of thermoplastic water piping. 

 

 

1.8 DELIVERY, STORAGE, AND HANDLING  
 

A. Preparation for Transport: Prepare valves, including fire hydrants, according to the following: 
 
1.  Ensure that valves are dry and internally protected against rust and corrosion. 
2.  Protect valves against damage to threaded ends and flange faces. 
3.  Set valves in best position for handling. Set valves closed to prevent rattling. 
 

B. During Storage: Use precautions for valves, including fire hydrants, according to the following: 
 
1.  Do not remove end protectors unless necessary for inspection; then reinstall for 

storage. 
2.  Protect from weather. Store indoors and maintain temperature higher than ambient 

dew-point temperature. Support off the ground or pavement in watertight enclosures 
when outdoor storage is necessary. 

 
C. Handling: Use sling to handle valves and fire hydrants if size requires handling by crane or lift. 

Rig valves to avoid damage to exposed parts. Do not use handwheels or stems as lifting or 
rigging points. 
 

D. Deliver piping with factory-applied end caps. Maintain end caps through shipping, storage, and 
handling to prevent pipe-end damage and to prevent entrance of dirt, debris, and moisture. 
 

E. Protect stored piping from moisture and dirt. Elevate above grade. Do not exceed structural 
capacity of floor when storing inside. 
 

F. Protect flanges, fittings, and specialties from moisture and dirt. 
 

G. Store plastic piping protected from direct sunlight. Support to prevent sagging and bending. 
 
 

1.9 PROJECT CONDITIONS  
 

A. Interruption of Existing Water-Distribution Service: Do not interrupt service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after 
arranging to provide temporary water-distribution service according to requirements indicated: 
 
1.  Notify Engineer no fewer than two days in advance of proposed interruption of service. 
2.  Do not proceed with interruption of water-distribution service without Engineer's written 

permission. 
 
 

1.10 COORDINATION  
 

A. Coordinate connection to water main with utility company. 
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1.11 WARRANTY 
 

A. Utilities shall be warranted by the manufacturer against defects in material and workmanship.  
This guarantee shall be by the Contractor to the Owner to replace for the Owner any defective 
workmanship or material which has been furnished under this Contract at no cost to the Owner 
for a period of one year from the date of acceptance of the system at Substantial Completion. 
 
 

PART 2- PRODUCTS  

 

2.1 PIPING MATERIALS  
 

A. Comply with drawings for applications of pipe, tube, fitting materials, and joining methods for 
specific services, service locations, and pipe sizes. 
 

B. Potable-water piping and components shall comply with NSF 14, NSF 61, and NSF 372. 
Include marking "NSF-pw" on piping. 
 
 

2.2 DUCTILE- IRON PIPE AND FITTINGS  
 

A. Mechanical-Joint, Ductile-Iron Pipe: AWWA C151, with mechanical-joint bell and plain spigot 
end unless grooved or flanged ends are indicated. 
 
1.  Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 
2.  Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, 

and steel bolts. 
 

B. Flanges: ASME 16.1, Class 125, cast iron. 
 
 

2.3 PVC PIPE AND FITTINGS 
 

A. PVC, Schedule 40 Pipe: ASTM D 1785. 
 
1.  PVC, Schedule 40 Socket Fittings: ASTM D 2466. 
 

B. PVC, Schedule 80 Pipe: ASTM D 1785. 
 
1.  PVC, Schedule 80 Socket Fittings: ASTM D 2467. 
2.  PVC, Schedule 80 Threaded Fittings: ASTM D 2464. 
 

C. PVC, AWWA Pipe: AWWA C900, Class 200, with bell end with gasket, and with spigot end. 
 
1.  Comply with UL 1285 for fire-service mains if indicated. 
2.  PVC Fabricated Fittings: AWWA C900, Class 200, with bell-and-spigot or double-bell 

ends. Include elastomeric gasket in each bell. 
3.  PVC Molded Fittings: AWWA C907, Class 150, with bell-and-spigot or double-bell 

ends. Include elastomeric gasket in each bell. 
4.  Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 
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5.  Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard 
pattern or AWWA C153, ductile-iron compact pattern. 

 
 

2.4 POLYETHYLENE TUBING 
 

A. PE 4710 High Density Polyethylene (HDPE) Tubing:  
 
1.  AWWA C901, ASTM D1248, ASTM D2239, ASTM D2737, ASTM D3350 
2.  Copper tube size SDR- 9 
3.  Colored blue 
4.  Ultraviolet (UV) inhibitors for protection against direct sunlight for 1 year 
5.  Inserts- 316 stainless steel  
6.  Approved for use with potable water by the National Sanitation Foundation (NSF- 14) 
7.  Continuously marked at intervals not more than four feet with  
 

a.  Nominal size 
b.  Pressure rating 
c.  NSF Seal  
d.  Manufacturer 
e.  Standard Dimension Ratio 
f.  ASTM Specifications  

 
 

2.5 JOINING MATERIALS  
 

A. Refer to Section 330500 "Common Work Results for Utilities" for commonly used joining 
materials. 
 

B. Plastic Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 
 
 

2.6 GATE VALVES  
 

A. AWWA, Cast-Iron Gate Valves: 
 
1.  Nonrising-Stem, Resilient-Seated Gate Valves: 
 

a.  Description: Gray- or ductile-iron body and bonnet; with bronze or gray- or ductile 
iron gate, resilient seats, bronze stem, and stem nut. 

 
1) Standard: AWWA C509. 
2) Minimum Pressure Rating: 200 psig. 
3) End Connections: Mechanical joint. 
4) Interior Coating: Complying with AWWA C550. 

 
 

2.7 GATE VALVE ACCESSORIES AND SPECIALTIES 
 

A. Tapping-Sleeve Assemblies: 
 
1.  Description: Sleeve and valve compatible with drilling machine. 
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a.  Standard: MSS SP-60. 
b.  Tapping Sleeve: Stainless-steel 18-8 type 304 per AWWA C228, two-piece bolted 

sleeve with flanged outlet for new branch connection. Include sleeve matching size 
and type of pipe material being tapped and with recessed flange for branch valve. 

c.  Valve: AWWA, cast-iron, nonrising-stem, resilient-seated gate valve with one 
raised face flange mating tapping-sleeve flange. 

 
B. Valve Boxes: Comply with AWWA M44 for cast-iron valve boxes. Include top section, 

adjustable extension of length required for depth of burial of valve, plug with lettering "WATER," 
and bottom section with base that fits over valve and with a barrel approximately 5 inches in 
diameter. 
 
1.  Operating Wrenches: Steel, tee-handle with one pointed end, stem of length to operate 

deepest buried valve, and socket matching valve operating nut. 
 

2.8 BACKFLOW PREVENTER ASSEMBLY 

A. Fire Line Backflow Preventer with Detector Check Meter 

1. Description:  An assembly composed of two single, independently acting, check 

valves; tightly closing shut-off valves located at each end of the assembly and properly 

located test cocks.  Included will be a bypass with a meter capable of showing a 

registration for all rates of flow, including very low flows of water, up to three gallons 

per minute. 

 

PART 3- EXECUTION 

 

3.1 EARTHWORK  
 

A. Refer to Section 312000 "Earth Moving" for excavating, trenching, and backfilling. 
 

3.2 VALVE APPLICATIONS  
 

A. General Application: Use mechanical-joint-end valves for NPS 3 and larger underground 
installation. Use threaded- or flanged-end valves for installation in vaults. 
 

B. Drawings indicate valve types to be used. Where specific valve types are not indicated, the 
following requirements apply: 
 
1.  Underground Valves, NPS 3 and Larger: AWWA, cast-iron, nonrising-stem, resilient-

seated gate valves with valve box. 
 

3.3 PIPING SYSTEMS- COMMON REQUIREMENTS  
 

A. See Section 330500 "Common Work Results for Utilities" for piping-system common 
requirements. 
 
 

3.4 PIPING INSTALLATION  
 

A. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41. 
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B. Install PVC, AWWA pipe according to ASTM F 645 and AWWA M23. 

 

C. Bury piping with depth of cover over top at least 36 inches of cover. 
 

D. Install piping by tunneling or jacking, or combination of both, under streets and other 
obstructions that cannot be disturbed. 
 

E. Extend water-service piping and connect to water-supply source and building-water-piping 
systems at outside face of building wall in locations and pipe sizes indicated. 
 
1.  Terminate water-service piping at building wall until building-water-piping systems are 

installed. Terminate piping with caps, plugs, or flanges as required for piping material. 
Make connections to building-water-piping systems when those systems are installed. 
 

F. Install underground piping with restrained joints at horizontal and vertical changes in direction. 
Use restrained-joint piping, thrust blocks, anchors, tie-rods and clamps, and other supports. 
 
 

3.5 JOINT CONSTRUCTION  
 

A. See Section 330500 "Common Work Results for Utilities" for basic piping joint construction. 
 

B. Make pipe joints according to the following: 
 
1.  Ductile-Iron Piping, Gasketed Joints for Water-Service Piping: AWWA C600 and 

AWWA M41. 
2.  PVC Piping Gasketed Joints: Use joining materials according to AWWA C900. 

Construct joints with elastomeric seals and lubricant according to ASTM D 2774 or 
ASTM D 3139 and pipe manufacturer's written instructions. 
 

3.6 ANCHORAGE INSTALLATION  
 

A. Anchorage, General: Install water-distribution piping with restrained joints. Anchorages and 
restrained-joint types that may be used include the following: 
 
1.  Locking mechanical joints. 
2.  Bolted flanged joints. 

 
B. Install anchorages for tees, plugs and caps, bends, crosses, valves, and hydrant branches. 

Include anchorages for the following piping systems: 
 
1.  Gasketed-Joint, Ductile-Iron, Water-Service Piping: According to AWWA C600. 
2.  Gasketed-Joint, PVC Water-Service Piping: According to AWWA M23. 

 
C. Apply full coat of asphalt or other acceptable corrosion-resistant material to surfaces of installed 

ferrous anchorage devices. 
 
 

3.7 VALVE INSTALLATION  
 

A. AWWA Gate Valves: Comply with AWWA C600 and AWWA M44. Install each underground 
valve with stem pointing up and with valve box. 
 



St. Johns River State College 

Library Renovation & Addition  

Phase: Construction Documents  

Bid Number: BID-SJR-03-2019 

 

©2020, HJ/PROJ. #18064.00                                WATER UTILITIES  33 10 00 - 7  

 

 
3.8 BACKFLOW PREVENTER INSTALLATION 

 

A. Installation of backflow preventers shall be by certified plumbers and in accordance with the 
manufacturers’ instructions.  
 
 

3.9 FIELD QUALITY CONTROL  
 

A. Piping Tests: Conduct piping tests before joints are covered. Fill pipeline 24 hours before 
testing and apply test pressure to stabilize system. Use only potable water. 
 

B. Hydrostatic Tests: Test at not less than one-and-one-half times working pressure for two hours. 
 
1.  Increase pressure in 50-psig increments and inspect each joint between increments. 

Hold at test pressure for 1 hour; decrease to 0 psig. Slowly increase again to test 
pressure and hold for 1 more hour. Maximum allowable leakage is 2 quarts per hour 
per 100 joints. Remake leaking joints with new materials and repeat test until leakage 
is within allowed limits. 
 

C. Prepare reports of testing activities. 
 
 

3.10 IDENTIFICATION  
 

A. Install continuous underground detectable warning tape during backfilling of trench for 
underground water-distribution piping. Locate below finished grade, directly over piping. 
Underground warning tapes are specified in Section 312000 "Earth Moving." 
 
 

3.11 CLEANING 
  

A. Clean and disinfect water-distribution piping as follows: 
 
1.  Purge new water-distribution piping systems and parts of existing systems that have 

been altered, extended, or repaired before use. 
2.  Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, 

if method is not prescribed by authorities having jurisdiction, use procedure described 
in NFPA 24 for flushing of piping. Flush piping system with clean, potable water until 
dirty water does not appear at points of outlet. 

3.  Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, 
if method is not prescribed by authorities having jurisdiction, use procedure described 
in AWWA C651 or do as follows: 
 
a.  Fill system or part of system with water/chlorine solution containing at least 50 ppm 

of chlorine; isolate and allow to stand for 24 hours. 
b.  Drain system or part of system of previous solution and refill with water/chlorine 

solution containing at least 200 ppm of chlorine; isolate and allow to stand for 3 
hours. 

c.  After standing time, flush system with clean, potable water until no chlorine 
remains in water coming from system. 

d.  Submit water samples in sterile bottles to authorities having jurisdiction. Repeat 
procedure if biological examination shows evidence of contamination. 

 



St. Johns River State College 

Library Renovation & Addition  

Phase: Construction Documents  

Bid Number: BID-SJR-03-2019 

 

©2020, HJ/PROJ. #18064.00                                WATER UTILITIES  33 10 00 - 8  

 

B. Prepare reports of purging and disinfecting activities. 

 

END OF SECTION 33 10 00 
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SECTION 33 30 00- SANITARY SEWERAGE UTILITIES   

 

 

PART 1- GENERAL  

 

 

1.1 RELATED DOCUMENTS  
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
 
 

1.2 SUMMARY  
 

A. Section Includes: 
 
1.  PVC pipe and fittings. 

2.  Manholes. 

3.  Concrete. 

 

 

1.3 DEFINITIONS  

 

A. Abbreviations/acronyms used in this section shall have their industry-standard meanings. 
 

B. FRP: Fiberglass reinforced plastic. 
 
 
1.4 ACTION SUBMITTALS  

 

A. Product Data: For the following: 
 
1.  Pipe and fittings. 

 
B. Shop Drawings: For manholes. Include plans, elevations, sections, details, and frames and 

covers. 
 
 
1.5 INFORMATIONAL SUBMITTALS  

 

A. Product Certificates: For each type of pipe and fitting. 
 

B. Field quality-control reports. 
 

 

1.6 DELIVERY, STORAGE, AND HANDLING  

 

A. Do not store plastic pipe and fittings in direct sunlight. 
 

B. Protect pipe, pipe fittings, and seals from dirt and damage. 
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C. Handle manholes according to manufacturer's written rigging instructions. 

 
 

1.7 FIELD CONDITIONS  

 

A. Interruption of Existing Sanitary Sewerage Service: Do not interrupt service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary service according to requirements indicated: 
 
1.  Notify Engineer no fewer than two (2) days in advance of proposed interruption of 

service. 
2.  Do not proceed with interruption of service without Engineer’s written permission. 

 

1.8 WARRANTY 
 

A. Utilities shall be warranted by the manufacturer against defects in material and workmanship.  
This guarantee shall be by the Contractor to the Owner to replace for the Owner any defective 
workmanship or material which has been furnished under this Contract at no cost to the Owner 
for a period of one year from the date of acceptance of the system at Substantial Completion. 
 

 

 

PART 2- PRODUCTS  

 

  

2.1 PVC PIPE AND FITTINGS 

 

A. PVC Sewer Piping: 

 

1.  Pipe: ASTM D 3034, SDR 26, PVC sewer pipe with bell-and-spigot ends for gasketed 

joints. 

2.  Fittings: ASTM D 3034, PVC with bell ends. 

3.  Gaskets: ASTM F 477, elastomeric seals. 

 

 

2.2 MANHOLES 

 

A. Standard Precast Concrete Manholes: 

  

1.  Description: ASTM C 478, precast, reinforced concrete, of depth indicated, with 

provision for sealant joints. 

2.  Diameter: 48” unless otherwise indicated. 

3.  Base Section: 6” minimum thickness for floor slab and 5” minimum thickness for walls 

and base riser section with integral floor. 

4.  Riser Sections: 5”minimum thickness, of number and lengths to provide depth 

indicated. 

5.  Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type as 

indicated; with top of cone of size that matches grade rings. 

6.  Joint Sealant: ASTM C 990, bitumen or butyl rubber. 
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7.  Resilient Pipe Connectors: ASTM C 923, cast or fitted into manhole walls by precast 

manufacturer, for each pipe connection. 

8.  Steps: Individual FRP steps; wide enough to allow worker to place both feet on one 

step and designed to prevent lateral slippage off step. Cast or anchor steps into 

sidewalls at 12” to 16” intervals. Omit steps if total depth from floor of manhole to 

finished grade is less than 72”. 

9.  Grade Rings: Reinforced-concrete rings, 3” to 6” nominal thickness each ring with 

diameter matching manhole frame and cover; maximum 12” total thickness as 

required to adjust manhole frame and cover to the indicated elevation and slope. 

 

B. Manhole Frames and Covers: 

 

1.  Description: Ferrous; nominal 24” ID by 6” to 9” riser, with 3”- minimum-width flange 

and 23-¾”-diameter cover. Include indented top design with non-penetrating pick-

holes and with lettering cast into cover, using wording equivalent to "SANITARY 

SEWER." 

2.  Material: ASTM A 48, Class 35B gray iron unless otherwise indicated. 

3.  For reference description only: Equal to US Foundry, Model USF 170-E. 

 

C. Protective Coatings:  Interior and exterior surfaces of manholes and interior surfaces of rings 

and covers shall be coated with two coats of bitumastic sealer. 

 

 

2.3 CONCRETE  

 

A. Portland Cement Design Mix: 4000 psi minimum, with 0.45 maximum water/cementitious 

materials ratio. 

 

1.  Reinforcing Fabric: ASTM A 1064/A 1064M, steel, welded wire fabric, plain. 

2.  Reinforcing Bars: ASTM A 615/A 615M, Grade 60 deformed steel. 

 

B. Manhole Channels and Benches: Factory or field formed from concrete. Portland cement 

design mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio. 

Include channels and benches in manholes. 

 

1.  Channels: Concrete invert, formed to same width as connected piping, with height of 

vertical sides to three-fourths of pipe diameter. Form curved channels with smooth, 

uniform radius and slope. 

a.  Invert Slope: 1/10-foot across manhole from inlet to outlet. 

2.  Benches: Concrete, sloped to drain into channel. 

a.  Slope: 4% 

 

 

PART 3- EXECUTION  

 

 

3.1 EARTHWORK 

 

A. Excavating, trenching, and backfilling are specified in Section 31 20 00 "Earth Moving." 
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3.2 PIPING INSTALLATION  

 

A. General Locations and Arrangements: Drawing plans and details to indicate general location 

and arrangement of underground sanitary sewer piping. Location and arrangement of piping 

layout take into account design considerations. Install piping as indicated, to extent practical. 

Where specific installation is not indicated, follow piping manufacturer's written instructions. 

 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 

continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals, sleeves, 

and couplings according to manufacturer's written instructions for using lubricants, cements, 

and other installation requirements. 

 

C. Install manholes for changes in direction unless fittings are indicated. Use fittings for branch 

connections unless direct tap into existing sewer is indicated. 

 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of 

pipes and fittings are connected. Reducing size of piping in direction of flow is prohibited. 

 

E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-

jacking process of micro-tunneling. 

 

F. Install gravity-flow, non-pressure, sanitary sewer piping according to the following: 

 

1.  Install piping pitched down in direction of flow, at minimum slope of 0.40% unless 

otherwise indicated. 

2.  Install PVC sewer piping according to ASTM D 2321 and ASTM F 1668. 

 

G. Clear interior of piping and manholes of dirt and superfluous material as work progresses. 

Maintain swab or drag in piping, and pull past each joint as it is completed. Place plug in end 

of incomplete piping at end of day and when work stops. 

 

 

3.3 PIPE JOINT CONSTRUCTION 

  

A. Join gravity-flow, non-pressure, sanitary sewer piping according to the following: 

 

1.  Join PVC sewer piping according to ASTM D 2321 and ASTM D 3034 for 

elastomeric-seal joints or ASTM D 3034 for elastomeric-gasket joints. 

 

 

3.4 MANHOLE INSTALLATION  

 

A. General: Install manholes complete with appurtenances and accessories indicated. 

 

B. Install precast concrete manhole sections with sealants according to ASTM C 891. 

 

C. Form continuous concrete channels and benches between inlets and outlet. 
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D. Set tops of frames and covers flush with finished surface of manholes that occur in 

pavements. Set tops 3” above finished surface elsewhere unless otherwise indicated. 

 

E. Install manhole-cover inserts in frame and immediately below cover. 

 

 

3.5 CONNECTIONS 

  

A. Connect non-pressure, gravity-flow sanitary sewer piping to building's sanitary building 

drains. 

 

B. Make connections to existing underground manholes. 

 

1.  Use detectable warning tape over nonferrous piping and over edges of underground 

manholes. 

a.  Use concrete that will attain a minimum 28-day compressive strength of 3000 psi 

unless otherwise indicated. 

2.  Protect existing piping and manholes to prevent concrete or debris from entering 

while making tap connections. Remove debris or other extraneous material that may 

accumulate. 

 

 

3.6 IDENTIFICATION  

 

A. Comply with requirements in Section 31 20 00 "Earth Moving" for underground utility 

identification devices. Arrange for installation of green warning tapes directly over piping and 

at outside edges of underground manholes. 

 

1.  Use detectable warning tape over nonferrous piping and over edges of underground 

manholes. 

 

 

3.7 FIELD QUALITY CONTROL  

 

A. Inspect interior of piping to determine whether line displacement or other damage has 

occurred. 

 

1.  Submit separate report for each system inspection. 

2.  Defects requiring correction include the following: 

a.  Alignment: Less than full diameter of inside of pipe is visible between structures. 

b.  Deflection: Flexible piping with deflection that prevents passage of ball or cylinder 

of size not less than 95% of piping diameter. 

c.  Damage: Crushed, broken, cracked, or otherwise damaged piping. 

d.  Infiltration: Water leakage into piping. 

e.  Exfiltration: Water leakage from or around piping. 

 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or 

repaired, for leaks and defects. 

 

1.  Exfiltration Test: 
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a.  Plug downstream end of pipe section being tested. 

b.  Fill pipe section with water to attain 2-feet of water depth above top of upstream 

end of pipe section being tested 

c.  Record amount of water added to maintain 2-foot depth of water above top of 

upstream end of pipe for 1-hour. 

d.  Allowable leakage shall not exceed 0.32 gallons per 100-feet during the 1-hour 

test. 

2.  Provide Engineer at least 24 hours' advance notice of tests. 

3.  Submit separate report for each test. 

4.  Manholes: Perform hydraulic test according to ASTM C 969. 

 

C. Leaks and loss in test pressure constitute defects that must be repaired. 

 

D. Replace leaking piping using new materials, and repeat testing until leakage is within 

allowances specified. 

 

 

3.8 CLEANING  

 

A. Clean dirt and superfluous material from interior of piping. 

 

END OF SECTION 33 30 00 
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SECTION 33 40 00- STORM DRAINAGE UTILITIES  
 
 
PART 1 – GENERAL 
 
 
 
1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary Con-
ditions and Division 1 Specification Sections, apply to this Section. 

 
 
1.2 SUMMARY 
 
 A.  This Section includes storm drainage outside the building. 
 
1.3 DEFINITIONS 
 
 A.  ABS:  Acrylonitrile-butadiene-styrene plastic. 
 
 B.  EPDM:  Ethylene-propylene-diene-monomer rubber. 
 
 C.  PE:  Polyethylene plastic. 
 
 D.  PVC:  Polyvinyl chloride plastic. 
 
 E.  RCP: Reinforced Concrete Pipe. 
 
 
1.4 PERFORMANCE REQUIREMENTS 
 

A. Gravity-Flow, Nonpressure-Piping Pressure Ratings:  At least equal to system test pressure. 
 
 
1.5 SUBMITTALS 
 
 A.  Product Data:  For the following: 
 
   1.  Polymer-concrete, channel drainage systems. 
   2.  Plastic, channel drainage systems. 
   3.  Stainless-steel drainage systems. 
   4.  Backwater valves, cleanouts, and drains. 
   5.  Plastic dry wells. 
   6.  Stormwater disposal systems. 
 
 B.  Shop Drawings:  Include plans, elevations, details, and attachments for the following: 
 

1. Precast concrete manholes and other structures, including frames, covers, and 
grates. 

2. Cast-in-place concrete manholes and other structures, including frames, covers, and 
grates. 
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C. Coordination Drawings:  Show manholes and other structures, pipe sizes, locations, and ele-
vations.  Include details of underground structures and connections.  Show other piping in 
same trench and clearances from sewerage system piping.  Indicate interface and spatial re-
lationship between piping and proximate structures. 

 
D. Coordination Profile Drawings:  Show system piping in elevation.  Draw profiles at horizontal 

scale of not less than 1 inch equals 50 feet (1:500) and vertical scale of not less than 1 inch 
equals 5 feet (1:50).  Indicate underground structures and pipe.  Show types, sizes, materi-
als, and elevations of other utilities crossing system piping. 

 
E. Design Mix Reports and Calculations:  For each class of cast-in-place concrete. 
 
F. Field Test Reports:  Indicate and interpret test results for compliance with performance re-

quirements. 
 
1.6 DELIVERY, STORAGE, AND HANDLING 
 
 A.  Do not store plastic structures, pipe, and fittings in direct sunlight. 
 
 B.  Protect pipe, pipe fittings, and seals from dirt and damage. 
 

C. Handle precast concrete manholes and other structures according to manufacturer's written 
rigging instructions. 

 
1.7 PROJECT CONDITIONS 
 

A. Site Information:  Perform site survey, research public utility records, and verify existing utility 
locations. 

 
B. Locate existing structures and piping to be closed and abandoned. 
 
C. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others un-

less permitted under the following conditions and then only after arranging to provide tempo-
rary utility services according to requirements indicated: 
 
1. Notify Engineer not less than two days in advance of proposed utility interruptions. 
2. Do not proceed with utility interruptions without Engineer's written permission. 
 

1.8 WARRANTY 
 

A. Utilities shall be warranted by the manufacturer against defects in material and workmanship.  
This guarantee shall be by the Contractor to the Owner to replace for the Owner any defec-
tive workmanship or material which has been furnished under this Contract at no cost to the 
Owner for a period of one year from the date of acceptance of the system at Substantial 
Completion. 

 
 
 
PART 2 - PRODUCTS 
 
 
2.1 MANUFACTURERS 
 

A. Available Manufacturers:  Any subject to compliance with requirements.  
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2.2 PIPES AND FITTINGS 

 
A. Stainless-Steel Drainage Pipe and Fittings:  ASME A112.3.1; ASTM A 666, Type 304, stain-

less steel; with socket and spigot ends for gasketed joints. 
 
1. Gaskets for NPS 3 to NPS 6 (DN80 to DN150):  Lip seals shaped to fit socket 

groove, and with plastic backup ring. 
 
a. Seal Material for General Applications:  EPDM, unless otherwise indicated. 
b. Seal Material for Fluids Containing Gasoline or Oil:  Nitrile-rubber compound, 

unless otherwise indicated. 
 

2. Couplings for NPS 8 to NPS 12 (DN200 to DN300):  Stainless steel, mechanical type, 
with seal. 

 
a. Seal Material for General Applications:  EPDM, unless otherwise indicated. 
b. Seal Material for Fluids Containing Gasoline or Oil:  Nitrile-rubber compound, 

unless otherwise indicated. 
 

B. Corrugated-Steel Pipe:  ASTM A 760/A 760M, Type I, made from ASTM A 929/A 929M, zinc-
coated  steel sheet for banded joints. 
 
1. Fittings:  Fabricated to types indicated and according to same standards as pipe. 
2. Connecting Bands:  Standard couplings made for corrugated-steel pipe to form soil-

tight joints. 
 

C. Corrugated-Aluminum Pipe:  ASTM B 745/B 745M, Type I, made from ASTM B 744/B 744M, 
aluminum-alloy sheet for banded joints. 
 
1. Fittings:  Fabricated to types indicated and according to same standards as pipe. 
2. Connecting Bands:  Standard couplings made for corrugated-aluminum pipe to form 

soiltight joints. 
 

D. ABS Sewer Pipe and Fittings:  ASTM D 2751, for solvent-cemented or gasketed joints. 
 
1. Wall Thickness for NPS 3 to NPS 6 (DN80 to DN150):  SDR 35. 
2. Wall Thickness for NPS 8 to NPS 12 (DN200 to DN300):  SDR 42. 
3. Gaskets:  ASTM F 477, elastomeric seals. 
 

E. Corrugated PE Drainage Tubing and Fittings:  AASHTO M 252, Type S, with smooth water-
way for coupling joints. 

 
1. Soiltight Couplings:  AASHTO M 252, corrugated, matching tube and fittings to form 

soiltight joints. 
2. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket 

material that mates with tube and fittings to form silttight joints. 
 

F. Corrugated PE Pipe and Fittings:  AASHTO M 294, Type S, with smooth waterway for cou-
pling joints. 
 
1. Soiltight Couplings:  AASHTO M 294, corrugated, matching pipe and fittings to form 

soiltight joints. 
2. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket 

material that mates with pipe and fittings to form silttight joints. 
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G. Cellular-Core PVC Pipe:  ASTM F 891, Sewer and Drain Series, PS 50 minimum stiffness, for 

solvent-cemented joints. 
 

   1.  Fittings:  ASTM D 2729 or ASTM D 3034, PVC sewer pipe fittings. 
 

H. PVC Sewer Pipe and Fittings:  According to the following: 
 

1. PVC Sewer Pipe and Fittings, NPS 15 (DN375) and Smaller:  ASTM D 3034, 
SDR 35, for solvent-cemented or gasketed joints. 

 a.  Gaskets:  ASTM F 477, elastomeric seals. 
 
2. PVC Sewer Pipe and Fittings, NPS 18 (DN450) and Larger:  ASTM F 679, T-1 wall 

thickness, bell and spigot for gasketed joints. 
 a.  Gaskets:  ASTM F 477, elastomeric seals. 

 
I. PVC, Ribbed Drain Pipe:  AASHTO M 304M, bell and spigot, with smooth waterway for bell-

gasketed joints. 
 

1. Fittings:  AASHTO M 304M or ASTM F 794 for bell-gasketed joints. 
2. Gaskets:  ASTM F 477, elastomeric seals to form soiltight joints. 
 

J. Non-reinforced-Concrete Sewer Pipe and Fittings:  ASTM C 14 (ASTM C 14M), Class 2, for 
gasketed joints. 

 
1. Gaskets:  ASTM C 443 (ASTM C 443M), rubber. 

 
K. Reinforced-Concrete Sewer Pipe and Fittings:  ASTM C 76 (ASTM C 76M), Class III, Wall B, 

for gasketed joints. 
 

1. Gaskets:  ASTM C 443 (ASTM C 443M), rubber. 
 
L. Reinforced-Concrete Arch Pipe:  ASTM C 506 (ASTM C 506M), Class IV, for banded joints. 
 

1. Sealing Bands:  ASTM C 877 (ASTM C 877M), Type I. 
 
M. Reinforced-Concrete Elliptical Pipe:  ASTM C 507 (ASTM C 507M), Class IV, for banded 

joints. 
 
1. Pattern:  Type HE, horizontal. 
2. Pattern:  Type VE, vertical. 
3. Sealing Bands:  ASTM C 877 (ASTM C 877M), Type I. 
 

 
2.3   SPECIAL PIPE COUPLINGS AND FITTINGS 

 
A. Sleeve-Type Pipe Couplings:  ASTM C 1173, rubber or elastomeric sleeve and band assem-

bly fabricated to mate with OD of pipes to be joined, for nonpressure joints. 
 
1.  Sleeve Material for Concrete Pipe:  ASTM C 443 (ASTM C 443M), rubber. 
2.  Sleeve Material for Cast-Iron Soil Pipe:  ASTM C 564, rubber. 
3.  Sleeve Material for Plastic Pipe:  ASTM F 477, elastomeric seal. 

   4.  Sleeve Material for Dissimilar Pipe:  Compatible with pipe materials being joined. 
5. Bands:  Stainless steel, at least one at each pipe insert. 
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B. Bushing-Type Pipe Couplings:  ASTM C 1173, rubber or elastomeric bushing fabricated to 
mate with OD of smaller pipe and ID of adjoining larger pipe, for nonpressure joints.  
 
1.  Material for Concrete Pipe:  ASTM C 443 (ASTM C 443M), rubber. 
2.  Material for Cast-Iron Soil Pipe:  ASTM C 564, rubber. 
3.  Material for Plastic Pipe:  ASTM F 477, elastomeric seal. 
4.  Material for Dissimilar Pipe:  Compatible with pipe materials being joined. 
5. Pressure-Type Pipe Couplings:  AWWA C219, iron-body sleeve assembly matching 

OD of pipes to be joined, with AWWA C111 rubber gaskets, bolts, and nuts.  Include 
PE film, pipe encasement. 
     

 
2.4 PE FILM, PIPE ENCASEMENT 
 
 A.  ASTM A 674 or AWWA C105; PE film, tube, or sheet; 8-mil (0.2-mm) thickness. 
 
 
2.5 MANHOLES 
 

A. Normal-Traffic Precast Concrete Manholes:  ASTM C 478 (ASTM C 478M), precast, rein-
forced concrete, of depth indicated, with provision for rubber gasketed joints. 

 
1. Diameter:  48 inches (1200 mm) minimum, unless otherwise indicated. 
2. Ballast:  Increase thickness of precast concrete sections or add concrete to base sec-

tion, as required to prevent flotation. 
3. Base Section:  8-inch (200-mm) minimum thickness for floor slab and 4-inch (100-

mm) minimum thickness for walls and base riser section, and having separate base 
slab or base section with integral floor. 

4. Riser Sections:  6-inch (150-mm) minimum thickness, and lengths to provide depth 
indicated. 

5. Top Section:  Eccentric-cone type, unless concentric-cone or flat-slab-top type is indi-
cated. Top of cone of size that matches grade rings. 

6. Gaskets:  ASTM C 443 (ASTM C 443M), rubber. 
7. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and cover. 
8. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
or anchor into base, riser, and top section sidewalls with steps at 12- to 16-inch (300- 
to 400-mm) intervals.  Omit steps for manholes less than 60 inches (1500 mm) deep. 

9. Steps:  ASTM C 478 (ASTM C 478M), individual steps or ladder.  Omit steps for 
manholes less than 60 inches (1500 mm) deep. 

10. Pipe Connectors:  ASTM C 923 (ASTM C 923M), resilient, of size required, for each 
pipe connecting to base section. 

 
B. Heavy-Traffic Precast Concrete Manholes:  ASTM C 913; designed according to 

ASTM C 890 for A-16, heavy-traffic, structural loading; of depth, shape, and dimensions indi-
cated, with provision for rubber gasketed joints. 
 
1. Ballast:  Increase thickness of one or more precast concrete sections or add concrete 

to structure, as required to prevent flotation. 
2. Gaskets:  Rubber. 
3. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and cover. 
4. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
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or anchor into base, riser, and top section sidewalls with steps at 12- to 16-inch (300- 
to 400-mm) intervals.  Omit steps for manholes less than 60 inches (1500 mm) deep. 

5. Steps:  Manufactured from deformed, 1/2-inch (13-mm) steel reinforcement rod com-
plying with ASTM A 615/A 615M and encased in polypropylene complying with 
ASTM D 4101.  Include pattern designed to prevent lateral slippage off step.  Cast or 
anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for manholes less than 60 inches (1500 mm) deep. 

6. Pipe Connectors:  ASTM C 923 (ASTM C 923M), resilient, of size required, for each 
pipe connecting to base section. 

 
C. Cast-in-Place Concrete Manholes:  Construct of reinforced-concrete bottom, walls, and top; 

designed according to ASTM C 890 for A-16, heavy-traffic, structural loading; of depth, 
shape, dimensions, and appurtenances indicated. 
 
1. Ballast:  Increase thickness of concrete, as required to prevent flotation. 
2. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and cover. 
3. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
or anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for manholes less than 60 inches (1500 mm) deep. 

4. Steps:  Manufactured from deformed, 1/2-inch (13-mm) steel reinforcement rod com-
plying with ASTM A 615/A 615M and encased in polypropylene complying with 
ASTM D 4101.  Include pattern designed to prevent lateral slippage off step.  Cast or 
anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for manholes less than 60 inches (1500 mm) deep. 

 
D. Fiberglass Manholes:  ASTM D 3753, fabricated, glass-fiber-reinforced polyester. 
 

1. Diameter:  48 inches (1200 mm) minimum, unless otherwise indicated. 
2. Ballast:  Increase thickness of concrete to base section, as required to prevent flota-

tion. 
3. Base Section:  Concrete, 6-inch (150-mm) minimum thickness. 
4. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
or anchor into base, riser, and top section sidewalls with steps at 12- to 16-inch (300- 
to 400-mm) intervals.  Omit steps for manholes less than 60 inches (1500 mm) deep. 

5. Pipe Connectors:  ASTM C 923 (ASTM C 923M), resilient, of size required, for each 
pipe connecting to base section. 

 
E. Manhole Frames and Covers:  ASTM A 536, Grade 60-40-18, ductile-iron castings designed 

for heavy-duty service.  Include 24-inch (610-mm) ID by 7- to 9-inch (178- to 229-mm) riser 
with 4-inch (100-mm) minimum width flange, and 26-inch- (660-mm-) diameter cover.  Include 
indented top design with lettering "STORM SEWER" cast into cover. 

 
 
2.6   CATCH BASINS 
 

A. Normal-Traffic, Precast Concrete Catch Basins:  ASTM C 478 (ASTM C 478M), precast, rein-
forced concrete, of depth indicated, with provision for rubber gasketed joints in accordance 
with latest edition of FDOT standard plans. 

 
1. Base Section:  6-inch (150-mm) minimum thickness for floor slab and 6-inch (150-

mm) minimum thickness for walls and base riser section, and having separate base 
slab or base section with integral floor. 
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2. Riser Sections:  6-inch (150-mm) minimum thickness, 48-inch (1220-mm) diameter, 
and lengths to provide depth indicated. 

3. Top Section:  Eccentric-cone type, unless concentric-cone or flat-slab-top type is indi-
cated. Top of cone of size that matches grade rings. 

4. Gaskets:  ASTM C 443 (ASTM C 443M), rubber. 
5. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and grate. 
6. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
steps or anchor ladder into base, riser, and top section sidewalls at 12- to 16-inch 
(300- to 400-mm) intervals. Omit steps for catch basins less than 60 inches 
(1500 mm) deep. 

7. Steps:  ASTM C 478 (ASTM C 478M), individual steps or ladder.  Omit steps for 
catch basins less than 60 inches (1500 mm) deep. 

8. Pipe Connectors:  ASTM C 923 (ASTM C 923M), resilient, of size required, for each 
pipe connecting to base section. 

 
B. Heavy-Traffic, Precast Concrete Catch Basins:  ASTM C 913, precast, reinforced concrete; 

designed  according to ASTM C 890 for A-16, heavy-traffic, structural loading; of depth, 
shape, and dimensions indicated, with provision for rubber gasketed joints. 

 
1. Gaskets:  Rubber. 
2. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and grate. 
3. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
steps or anchor ladder into base, riser, and top section sidewalls at 12- to 16-inch 
(300- to 400-mm) intervals. Omit steps for catch basins less than 60 inches 
(1500 mm) deep. 

4. Steps:  Manufactured from deformed, 1/2-inch (13-mm) steel reinforcement rod com-
plying with ASTM A 615/A 615M and encased in polypropylene complying with 
ASTM D 4101.  Include pattern designed to prevent lateral slippage off step.  Cast or 
anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for manholes less than 60 inches (1500 mm) deep. 

5. Pipe Connectors:  ASTM C 923 (ASTM C 923M), resilient, of size required, for each 
pipe connecting to base section. 
 

C. Cast-in-Place Concrete, Catch Basins:  Construct of reinforced concrete; designed according 
to ASTM C 890 for structural loading; of depth, shape, dimensions, and appurtenances indi-
cated. 

 
1. Base Section:  8-inch (200-mm) minimum thickness for floor slab and 8-inch (200-

mm) minimum thickness for walls and base riser section, and having separate base 
slab or base section with integral floor. 

2. Riser Sections:  8-inch (200-mm) minimum thickness, 48-inch (1220-mm) diameter, 
and lengths to provide depth indicated. 

3. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 
place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
steps or anchor ladder into sidewalls at 12- to 16-inch (300- to 400-mm) intervals.  
Omit steps for catch basins less than 60 inches (1500 mm) deep. 

4. Steps:  Manufactured from deformed, 1/2-inch (13-mm) steel reinforcement rod com-
plying with ASTM A 615/A 615M and encased in polypropylene complying with 
ASTM D 4101. Include pattern designed to prevent lateral slippage off step.  Cast or 
anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for manholes less than 60 inches (1500 mm) deep. 
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D. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for heavy-duty ser-

vice. Include flat grate with small square or short-slotted drainage openings. 
 
1. Size:  24 by 24 inches (610 by 610 mm) minimum, unless otherwise indicated. 
2. Grate Free Area:  Approximately 50 percent, unless otherwise indicated. 
 

E. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for heavy-duty ser-
vice.  Include 24-inch (610-mm) ID by 7- to 9-inch (178- to 229-mm) riser with 4-inch (100-
mm) minimum width flange, and 26-inch- (660-mm-) diameter flat grate with small square or 
short-slotted drainage openings. 
 
1. Grate Free Area:  Approximately 50 percent, unless otherwise indicated. 
 

 
2.7   STORMWATER INLETS 
 

A. Curb Inlets:  Made with vertical curb opening, of materials and dimensions according to utility 
standards. 

 
B. Gutter Inlets:  Made with horizontal gutter opening, of materials and dimensions according to 

utility  standards.  Include heavy-duty frames and grates. 
 
C. Combination Inlets:  Made with vertical curb and horizontal gutter openings, of materials and 

dimensions according to utility standards.  Include heavy-duty frames and grates. 
 
D. Frames and Grates:  Heavy-duty frames and grates according to utility standards. 
 
E. Curb Inlets:  Vertical curb opening, of materials and dimensions indicated. 
 
F. Gutter Inlets:  Horizontal gutter opening, of materials and dimensions indicated.  Include 

heavy-duty  frames and grates. 
 
G. Combination Inlets:  Vertical curb and horizontal gutter openings, of materials and dimen-

sions indicated.  Include heavy-duty frames and grates. 
 

H. Frames and Grates:  Dimensions, opening pattern, free area, and other attributes indicated. 
 

1.  Material:  ASTM A 536, Grade 60-40-18 minimum, ductile-iron casting. 
2.  Grate Free Area:  Approximately 50 percent, unless otherwise indicated. 
 

 
2.8   STORMWATER DETENTION STRUCTURES 
 

A. Cast-in-Place Concrete, Stormwater Detention Structures:  Construct of reinforced-concrete 
bottom, walls, and top; designed according to ASTM C 890 for A-16, heavy-traffic, structural 
loading; of depth, shape, dimensions, and appurtenances indicated. 

 
1. Ballast:  Increase thickness of concrete, as required to prevent flotation. 
2. Grade Rings:  Include two or three reinforced-concrete rings, of 6- to 9-inch (150- to 

229-mm) total thickness, that match 24-inch- (610-mm-) diameter frame and cover. 
3. Steps:  Fiberglass, individual steps or ladder.  Include width that allows worker to 

place both feet on one step and is designed to prevent lateral slippage off step.  Cast 
or anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for structures less than 60 inches (1500 mm) deep. 
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4. Steps:  Manufactured from deformed, 1/2-inch (13-mm) steel reinforcement rod com-
plying with ASTM A 615/A 615M and encased in polypropylene complying with 
ASTM D 4101.  Include pattern designed to prevent lateral slippage off step.  Cast or 
anchor into sidewalls with steps at 12- to 16-inch (300- to 400-mm) intervals.  Omit 
steps for structures less than 60 inches (1500 mm) deep. 

 
B. Manhole Frames and Covers:  ASTM A 536, Grade 60-40-18, ductile-iron castings designed 

for heavy-duty service.  Include 24-inch (610-mm) ID by 7- to 9-inch (178- to 229-mm) riser 
with 4-inch (100-mm) minimum width flange, and 26-inch- (660-mm-) diameter cover.  Include 
indented top design with lettering "STORM SEWER" cast into cover. 

 
 
2.9   CONCRETE 
 

A. General:  Cast-in-place concrete according to ACI 318, ACI 350R, and the following: 
 

1. Cement:  ASTM C 150, Type II. 
2. Fine Aggregate:  ASTM C 33, sand. 
3. Coarse Aggregate:  ASTM C 33, crushed gravel. 
4. Water:  Potable. 

 
B. Portland Cement Design Mix:  4000 psi (27.6 MPa) minimum, with 0.45 maximum water-ce-

mentitious ratio. 
 

   1.  Reinforcement Fabric:  ASTM A 185, steel, welded wire fabric, plain. 
2. Reinforcement Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed steel. 

 
C. Structure Channels and Benches:  Factory or field formed from concrete.  Portland cement 

design mix, 4000 psi (27.6 MPa) minimum, with 0.45 maximum water-cementitious ratio. 
 
   1.  Include channels and benches in manholes. 
 

a. Channels:  Concrete invert, formed to same width as connected piping, with 
height of vertical sides to three-fourths of pipe diameter.  Form curved chan-
nels with smooth, uniform radius and slope. 
 1)  Invert Slope:  1 percent through manhole. 
 2)  Invert Slope:  2 percent through manhole. 
 3)  Invert Slope:  None. 

b.  Benches:  Concrete, sloped to drain into channel. 
 1)  Slope:  8 percent. 
 2)  Slope:  4 percent. 
 

   2.  Include channel in catch basins 
 

a. Channels:  Concrete invert, formed to same width as connected piping, with 
height of vertical sides to three-fourths of pipe diameter.  Form curved chan-
nels with smooth, uniform radius and slope. 

        1)  Invert Slope:  1 percent through catch basin. 
        2)  Invert Slope:  2 percent through catch basin. 
        3)  Invert Slope:  None. 
 

D. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi (20.7 MPa) minimum, with 
0.58 maximum water-cementitious ratio. 
 

   1.  Reinforcement Fabric:  ASTM A 185, steel, welded wire fabric, plain. 
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2. Reinforcement Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed steel. 
 
 
2.10  PROTECTIVE COATINGS 
 

A. Description:  One- or two-coat, coal-tar epoxy; 15-mil (0.38-mm) minimum thickness, unless 
otherwise indicated; factory or field applied to the following surfaces: 

 
1. Concrete Manholes:  On interior surface. 
2. Concrete Manholes:  On exterior surface. 
3. Concrete Manholes:  On exterior and interior surfaces. 
4. Manhole Frames and Covers:  On entire surfaces. 
5. Catch Basins:  On interior surface. 
6. Catch Basins:  On exterior surface. 
7. Catch Basins:  On exterior and interior surfaces. 
8. Catch Basin Frames and Grates:  On entire surfaces. 
9. Stormwater Inlets:  On interior surface. 
10.  Stormwater Inlets:  On exterior surface. 
11. Stormwater Inlets:  On exterior and interior surfaces. 
12. Stormwater Inlet Frames and Grates:  On entire surfaces. 
13. Stormwater Detention Structures:  On interior surface. 
14. Stormwater Detention Structures:  On exterior surface. 
15. Stormwater Detention Structures:  On exterior and interior surfaces. 
16. Stormwater Detention-Structure Manhole Frames and Covers:  On entire surfaces. 

 
 
2.11 POLYMER-CONCRETE, CHANNEL DRAINAGE SYSTEMS 
 

A. General:  Modular system of precast, polymer-concrete channel sections, grates, and appur-
tenances;  designed so grates fit into channel recesses without rocking or rattling.  Include 
number of units required to form total lengths indicated. 
 

B.  Sloped-Invert, Polymer-Concrete Systems:  Include the following components: 
 
1. Channel Sections:  Interlocking-joint, precast, modular units with end caps.  Include 

4-inch (100-mm) inside width and deep, rounded bottom, with built-in invert slope of 
0.6 percent and with outlets in number, sizes, and locations indicated.  Include exten-
sion sections necessary for required depth. 
a. Frame:  Include gray-iron or steel frame for grate. 
 

2. Grates with manufacturer's designation "Medium Duty," with slots or perforations that 
fit recesses in channels. 
a.  Material:  Stainless steel. 
b.  Material:  Galvanized steel. 
c.  Material:  Gray iron. 
d.  Material:  Fiberglass. 
 

3. Grates with manufacturer's designation "Heavy Duty," with slots that fit recesses in 
channels. 
a.  Material:  Stainless steel. 
b.  Material:  Galvanized steel. 
c.  Material:  Gray iron. 
d.  Material:  Ductile iron. 
 

4.  Covers:  Solid gray iron, if indicated. 
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5. Locking Mechanism:  Manufacturer's standard device for securing grates to channel 

sections. 
 

C. Narrow-Width, Level-Invert, Polymer-Concrete Systems:  Include the following components: 
 

1. Channel Sections:  Interlocking-joint, precast, modular units with end caps.  Include 
5-inch (127-mm) inside width and 9-3/4-inch (248-mm) deep, rounded bottom, with 
level invert and with NPS 4 (DN100) outlets in number and locations indicated. 

2.  Grates with slots or perforations that fit recesses in channels. 
 
a.  Material:  Stainless steel. 
b.  Material:  Galvanized steel. 
c.  Material:  Gray iron. 
d.  Material:  Fiberglass. 
 

3.  Covers:  Solid gray iron, if indicated. 
4. Locking Mechanism:  Manufacturer's standard device for securing grates to channel 

sections. 
    
 D.  Wide-Width, Level-Invert, Polymer-Concrete Systems:  Include the following components: 
 

1. Channel Sections:  Interlocking-joint, precast, modular units with end caps.  Include 
8-inch (203-mm) inside width and 13-3/4-inch (350-mm) deep, rounded bottom, with 
level invert and with outlets in number, sizes, and locations indicated. 

2.  Grates with slots or other openings that fit recesses in channels. 
 

a.  Material:  Gray iron. 
b.  Material:  Fiberglass. 
 

3.  Covers:  Solid gray iron, if indicated. 
4. Locking Mechanism:  Manufacturer's standard device for securing grates to channel 

sections. 
 

E.  Drainage Specialties:  Precast, polymer-concrete units. 
 

1. Large Catch Basins:  24-by-12-inch (610-by-305-mm) polymer-concrete body, with 
outlets in number and sizes indicated.  Include gray-iron slotted grate. 
 

     a.  Frame:  Include gray-iron or steel frame for grate. 
 

2. Small Catch Basins:  19- to 24-inch by approximately 6- inch (483- to 610-mm by  
 approximately 150-mm) polymer-concrete body, with outlets in number and sizes in-

dicated.  Include gray-iron slotted grate. 
 

     a.  Frame:  Include gray-iron or steel frame for grate. 
 

3. Oil Interceptors:  Polymer-concrete body with interior baffle and four steel support 
channels and two 1/4-inch- (6.4-mm-) thick, steel-plate covers. 

 
 a.  Capacity:  140 gal. (530 L). 
 b.  Capacity:  200 gal. (757 L). 
 c.  Capacity:  260 gal. (984 L). 
 d.  Inlet and Outlet:  NPS 4 (DN100). 
 e.  Inlet and Outlet:  NPS 6 (DN150). 



St. Johns River State College 
Library Renovation & Addition  
Phase: Construction Documents  
Bid Number: BID-SJR-03-2019 
 

©2020, HJ/PROJ. #18064.00                                STORM DRAINAGE UTILITIES 33 40 00 - 12  
   

 
4. Sediment Interceptors:  27-inch- (686-mm-) square polymer-concrete body, with out-

lets in number and sizes indicated.  Include 24-inch- (610-mm-) square, gray-iron 
frame and slotted grate. 
 

F. Supports, Anchors, and Setting Devices:  Manufacturer's standard, unless otherwise indi-
cated. 

 
G. Channel-Section Joining and Fastening Materials:  As recommended by system manufac-

turer. 
 

 
2.12  PLASTIC, CHANNEL DRAINAGE SYSTEMS 
 

A. General:  Modular system of plastic channel sections, grates, and appurtenances; designed 
so grates fit into frames without rocking or rattling.  Include number of units required to form 
total lengths indicated. 
 

B.  Fiberglass Systems:  Include the following components: 
 
1. Channel Sections:  Interlocking-joint, fiberglass modular units, with built-in invert 

slope of approximately 1% and with end caps.  Include rounded or inclined inside 
bottom surface, with outlets in number, sizes, and locations indicated. 

 
a.  Width:  6 or 8 inches (150 or 203 mm). 
b.  Width:  6 inches (150 mm). 
c.  Width:  8 inches (203 mm). 

 
   2.  Factory- or field-attached frames that fit channel sections and grates. 
 

a.  Material:  Manufacturer's standard metal. 
b.  Material:  Stainless steel. 
c.  Material:  Galvanized steel. 
 

   3.  Grates with slots or perforations that fit frames. 
 
     a.  Material:  Stainless steel. 
     b.  Material:  Galvanized steel. 
     c.  Material:  Gray iron. 
     d.  Material:  Fiberglass. 
 
   4.  Covers:  Solid gray iron, if indicated. 
   5.  Drainage Specialties:  Include the following plastic components: 
 

a. Large Catch Basins:  24-inch- (610-mm-) square plastic body, with outlets in 
number and sizes indicated.  Include gray-iron frame and slotted grate. 

b. Small Catch Basins:  12-by-24-inch (305-by-610-mm) plastic body, with out-
lets in number and sizes indicated.  Include gray-iron frame and slotted grate. 

 
 C.  PE Systems:  Include the following components: 
 

1. Channel Sections:  Interlocking-joint, PE modular units, 4 inches (102 mm) wide, with 
end caps.  Include rounded bottom, with level invert and with outlets in number, 
sizes, and locations indicated. 

2. Grates:  PE, ladder shaped; with stainless-steel screws. 
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3. Color:  Gray, unless otherwise indicated. 
4. Drainage Specialties:  Include the following PE components: 
 

a. Drains:  4-inch- (102-mm-) diameter, round, slotted top; with NPS 4 (DN100) 
bottom outlet. 

b. Drains:  8-inch- (203-mm-) diameter, round, slotted top; with NPS 6 (DN150) 
bottom outlet. 

c. Drains:  4-inch- (102-mm-) square, slotted top; with NPS 3 (DN80) bottom 
outlet. 

d. Drains:  8-inch- (203-mm-) square, slotted top; with NPS 6 (DN150) bottom 
outlet. 

e. Catch Basins:  12-inch- (305-mm-) square plastic body, with outlets in num-
ber and sizes indicated.  Include PE slotted grate 11-3/4 inches (298 mm) 
square by 1-1/8 inches (28.6 mm) thick. 

 
D. Supports, Anchors, and Setting Devices:  Manufacturer's standard, unless otherwise indi-

cated. 
 
E. Channel-Section Joining and Fastening Materials:  As recommended by system manufac-

turer. 
 
2.13  STAINLESS-STEEL DRAINAGE SYSTEMS 
 

A. General:  ASME A112.3.1; ASTM A 666, Type 304, stainless-steel, modular system of trench 
sections, grates, and specialties; designed so grates fit into trench recesses without rocking 
or rattling.  Include number of units required to form total lengths indicated.  Include stainless-
steel drainage piping between components. 
 

B.  Refer to "Pipes and Fittings" Article in Part 2 for stainless-steel drainage piping. 
 

C.  Narrow-Width Trench Systems:  Include the following stainless-steel components: 
 
1. Trench Sections:  Modular units, approximately 5 inches (125 mm) wide, with flanged 

ends, gaskets, bolts, nuts, and end pieces.  Include level invert, with outlets in num-
ber, sizes, and locations indicated. 

2. Grates:  5.9 by 1 inch (150 by 25 mm), with square perforations and polished finish. 
3. Grates:  5.9 by 1 inch (150 by 25 mm), slotted. 
4. Grates:  5.9 by 1 inch (150 by 25 mm), ladder shaped. 
5. Grates:  5.9-by-1-inch (150-by-25-mm) frame; with deep-pattern, heavy-duty, ladder-

shaped-bar, cross members. 
6. Vandal-Proof Fasteners:  Attachments to secure grates to trench sections. 

 
 D.  Wide-Width Trench Systems:  Include the following stainless-steel components: 
 

1. Trench Sections:  Modular units, approximately 11 inches (279 mm) wide, with 
flanged ends, gaskets, bolts, nuts, and end pieces.  Include level invert, with outlets 
in number, sizes, and locations indicated. 

2. Grates:  11.8 by 1 inch (300 by 25 mm), slotted. 
3. Grates:  11.8 by 1 inch (300 by 25 mm), ladder shaped. 
4. Grates:  11.8-by-1-inch (300-by-25-mm) frame; with deep-pattern, heavy-duty, lad-

der-shaped-bar, cross members. 
5. Vandal-Proof Fasteners:  Attachments to secure grates to trench sections. 

 
E. Drainage Specialties:  Include the following stainless-steel components: 
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1. Light-Duty Floor Drains:  Adjustable type, with membrane flashing flange and ring, 
bottom outlet of size indicated, and grate with square perforations. 

2. Heavy-Duty Floor Drains:  8.5 by 8.5 inches (216 by 216 mm), with membrane flange 
and water trap. 
a. Grate:  8.15 by 8.15 by 0.4 inch (207 by 207 by 10 mm), with round perfora-

tions. 
b. Grate:  8.15 by 8.15 by 1.0 inch (207 by 207 by 25 mm); with heavy-duty, 

ladder-shaped-bar, cross members. 
c. Cleanouts:  Square floor plate and EPDM sealing ring. 
d. Vandal-Proof Fasteners:  Screws or other attachments to secure grates to 

specialties. 
 

F. Supports, Anchors, and Setting Devices:  Manufacturer's standard, unless otherwise indi-
cated. 

 
 
2.14  CLEANOUTS 
 

A. Gray-Iron Cleanouts:  ASME A112.36.2M, round, gray-iron housing with clamping device and 
round, secured, scoriated, gray-iron cover.  Include gray-iron ferrule with inside calk or spigot 
connection and countersunk, tapered-thread, brass closure plug.  Use units with top-loading 
classifications according to the following applications: 

 
 1.  Light Duty:  In earth or grass foot-traffic areas. 
 2.  Medium Duty:  In paved foot-traffic areas. 
 3.  Heavy Duty:  In vehicle-traffic service areas. 
 4.  Extra-Heavy Duty:  In roads. 

5. Sewer Pipe Fitting and Riser to Cleanout:  ASTM A 74, Service class, cast-iron soil 
pipe and fittings. 

 
B. PVC Cleanouts:  PVC body with PVC threaded plug.  Include PVC sewer pipe fitting and riser 

to cleanout of same material as sewer piping. 
 

 
2.15  DRAINS 
 

A. Gray-Iron Area Drains:  ASME A112.21.1M, round, gray-iron body with anchor flange and 
round, secured, gray-iron grate.  Include bottom outlet with inside calk or spigot connection, 
of sizes indicated.  Use units with top-loading classifications according to the following appli-
cations: 
 
1. Medium Duty:  In paved foot-traffic areas. 
2. Heavy Duty:  In vehicle-traffic service areas. 

   
B. Gray-Iron Trench Drains:  ASME A112.21.1M, 6-inch- (150-mm-) wide top surface, rectangu-

lar body with anchor flange or other anchoring device, and rectangular, secured grate.  In-
clude units of total lengths indicated and number of bottom outlets with inside calk or spigot 
connections, of sizes indicated.  Use units with top-loading classifications according to the 
following applications: 

 
 1.  Medium Duty:  In paved foot-traffic areas. 
 2.  Heavy Duty:  In vehicle-traffic service areas. 
 3.  Extra-Heavy Duty:  In roads. 

4. Weep holes in body and flashing clamping ring for units used with waterproof mem-
brane. 
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5. Cover:  Solid with diamond pattern, if indicated. 
6. Weep holes in body and flashing clamping ring for units used with waterproof mem-

brane. 
 

 
2.16  PIPE OUTLETS 
 

A. Head Walls:  Cast-in-place reinforced concrete, with apron and tapered sides. 
 
B. Riprap Basins:  Broken, irregular size and shape, graded stone as indicated on Drawings. 
 
C. Filter Stone:  NSA No. FS-2, No. 4 screen opening, average-size, graded stone. 
 
D. Energy Dissipaters:  NSA No. A-1, 3-ton (2700-kg) average weight armor stone, unless other-

wise indicated. 
 
 
PART 3 - EXECUTION 
 
 
3.1   EARTHWORK 
 
 A.  Excavating, trenching, and backfilling are specified in Section 31 20 00 “Earth Moving”. 
 
 
3.2   IDENTIFICATION 
 

A. Materials and their installation are specified in Section 31 20 00 “Earth Moving”. Arrange for 
installing green warning tapes directly over piping and at outside edges of underground struc-
tures. 

 
   1.  Use warning tape or detectable warning tape over ferrous piping. 

2. Use detectable warning tape over nonferrous piping and over edges of underground 
structures. 

 
 
3.3   PIPING APPLICATIONS 
 

A. General:  Include watertight, silttight, or soiltight joints, unless watertight or silttight joints are 
indicated. 

 
B. Refer to Part 2 of this Section for detailed specifications for pipe and fitting products listed be-

low.  Use pipe, fittings, and joining methods according to applications indicated. 
 
C.  Gravity-Flow Piping:  Use material as indicated on Drawings. 

 
D.  Force-Main Piping:  Use material as indicated on Drawings. 

 
 
3.4   SPECIAL PIPE COUPLING AND FITTING APPLICATIONS 
 

A. Special Pipe Couplings:  Use where required to join piping and no other appropriate method 
is specified.  Do not use instead of specified joining methods. 

 
 1.  Use the following pipe couplings for nonpressure applications: 
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   a.  Sleeve type to join piping, of same size, or with small difference in OD. 
   b.  Increaser/reducer-pattern, sleeve type to join piping of different sizes. 

c. Bushing type to join piping of different sizes where annular space between 
smaller piping's OD and larger piping's ID permits installation. 

 
2. Use pressure-type pipe couplings for force-main joints.  Include PE film, pipe encase-

ment. 
 

 B.  Special Pipe Fittings:  Use where indicated.  Include PE film, pipe encasement. 
 
 
3.5   INSTALLATION, GENERAL 
 

A. General Locations and Arrangements:  Drawing plans and details indicate general location 
and arrangement of underground storm drainage piping.  Location and arrangement of piping 
layout take design considerations into account.  Install piping as indicated, to extent practical. 

 
B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 

continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, 
sleeves, and couplings according to manufacturer's written instructions for use of lubricants, 
cements, and other installation requirements.  Maintain swab or drag in line, and pull past 
each joint as it is completed. 

 
C. Use manholes for changes in direction, unless fittings are indicated.  Use fittings for branch 

connections, unless direct tap into existing sewer is indicated. 
 

D. Use proper size increasers, reducers, and couplings where different sizes or materials of 
pipes and fittings are connected.  Reducing size of piping in direction of flow is prohibited. 
 

E. Install gravity-flow piping and connect to building's storm drains, of sizes and in locations indi-
cated.  Terminate piping as indicated. 
 
1. Install piping pitched down in direction of flow, at minimum slope of 1 percent, unless 

otherwise indicated. 
2. Install piping with 36-inch (1000-mm) minimum cover. 
 

 
3.6   PIPE JOINT CONSTRUCTION AND INSTALLATION 
 

A. General:  Join and install pipe and fittings according to installations indicated. 
 

B. Refer to Division 33 Section "Common Work Results for Utilities" for basic piping joint con-
struction and installation. 

 
C. Stainless-Steel Drainage Piping:  According to ASME A112.3.1 and manufacturer's written 

instructions. 
 
D. Install with top surfaces of components, except piping, flush with finished surface. 
 
E. Corrugated-Steel Pipe:  Join and install according to ASTM A 798.  Use standard joints made 

with coupling bands, unless otherwise indicated. 
 
F. Corrugated-Steel Pipe:  Join and install according to ASTM A 798.  Use soiltight joints made 

with coupling bands and gaskets, unless otherwise indicated. 
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G. Corrugated-Aluminum Pipe:  Join and install according to ASTM B 788.  Use standard joints 

made with coupling bands, unless otherwise indicated. 
 
H. Corrugated-Aluminum Pipe:  Join and install according to ASTM B 788.  Use soiltight joints 

made with coupling bands and gaskets, unless otherwise indicated. 
 
I. ABS Pipe and Fittings:  As follows: 
 
J. PE Pipe and Fittings:  As follows: 

 
1. Join pipe, tubing, and fittings with couplings for soiltight joints according to manufac-

turer's written instructions. 
2. Install according to ASTM D 2321 and manufacturer's written instructions. 
3. Install corrugated piping according to the Corrugated Polyethylene Pipe Association's 

"Recommended Installation Practices for Corrugated Polyethylene Pipe and Fittings."  
 

K. PVC Sewer Pipe and Fittings:  As follows: 
 

 1.  Join pipe and gasketed fittings with gaskets according to ASTM D 2321. 
 2.  Install according to ASTM D 2321. 
 
L. Concrete Pipe and Fittings:  Install according to ACPA's "Concrete Pipe Installation Manual."  

Use the following seals: 
 

1.  Round Pipe and Fittings:  ASTM C 443 (ASTM C 443M), rubber gaskets. 
2.  Elliptical Pipe:  ASTM C 877 (ASTM C 877M), Type I, sealing bands. 
3.  Arch Pipe:  ASTM C 877 (ASTM C 877M), Type I, sealing bands. 
 

M. System Piping Joints:  Make joints using system manufacturer's couplings, unless otherwise 
indicated. 

 
N. Join piping made of different materials or dimensions with couplings made for this application.  

Use couplings that are compatible with and that fit both systems' materials and dimensions. 
 

 
3.7   MANHOLE INSTALLATION 
 

A. General:  Install manholes, complete with appurtenances and accessories indicated. 
 
B. Form continuous concrete channels and benches between inlets and outlet. 
 
C. Set tops of frames and covers flush with finished surface of manholes that occur in pave-

ments.  Set tops 3 inches (76 mm) above finished surface elsewhere, unless otherwise indi-
cated. 

 
D. Install precast concrete manhole sections with gaskets according to ASTM C 891. 
 
E. Construct cast-in-place manholes as indicated. 
 
F. Install fiberglass manholes according to manufacturer's written instructions. 
 
 

3.8   CATCH-BASIN INSTALLATION 
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A. Construct catch basins to sizes and shapes indicated. 
 
B. Set frames and grates to elevations indicated. 
 
 

3.9 STORM DRAINAGE INLET AND OUTLET INSTALLATION 
 

A. Construct inlet head walls, aprons, and sides of reinforced concrete, as indicated. 
 
B. Construct riprap of broken stone, as indicated. 
 
C. Install outlets that spill onto grade, anchored with concrete, where indicated. 
 
D. Install outlets that spill onto grade, with flared end sections that match pipe, where indicated. 
 
E. Construct energy dissipaters at outlets, as indicated. 
 

 
3.10  CONCRETE PLACEMENT 
 
 A.  Place cast-in-place concrete according to ACI 318 and ACI 350R. 
 
 
3.11  DRAINAGE SYSTEM INSTALLATION 
 
 A.  Assemble and install components according to manufacturer's written instructions. 

 
B. Assemble and install stainless-steel drainage systems according to ASME A112.3.1 and 

manufacturer's written instructions. 
 
C. Install with top surfaces of components, except piping, flush with finished surface. 
 
D. Assemble channel sections to form slope down toward drain outlets.  Use sealants, adhe-

sives, fasteners, and other materials recommended by system manufacturer. 
 
E. Embed channel sections and drainage specialties in 4-inch (100-mm) minimum concrete 

around bottom and sides. 
F. Fasten grates to channel sections if indicated. 
 
G. Assemble trench sections with flanged joints. 
 
H. Embed trench sections and drainage specialties in 4-inch (100-mm) minimum concrete 

around bottom and sides. 
 
I. Make piping connections and install stainless-steel piping with gasketed joints between sys-

tem components. 
 
 
3.12  CLEANOUT INSTALLATION 
 

A. Install cleanouts and riser extension from sewer pipe to cleanout at grade.  Use cast-iron soil 
pipe fittings in sewer pipes at branches for cleanouts and cast-iron soil pipe for riser exten-
sions to cleanouts.  Install piping so cleanouts open in direction of flow in sewer pipe. 
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B. Set cleanout frames and covers in earth in cast-in-place concrete block, 18X18X12 inches 
(450X450X 300 mm) deep.  Set with tops 1 inch (25 mm) above surrounding earth grade. 

 
C. Set cleanout frames and covers in concrete pavement with tops flush with pavement surface. 

 
 
3.13  DRAIN INSTALLATION 
 
 A.  Install type of drains in locations indicated. 
 
 B.  Embed drains in 4-inch (100-mm) minimum depth of concrete around bottom and sides. 
 
 C.  Fasten grates to drains if indicated. 
 
 D.  Set drain frames and covers with tops flush with pavement surface. 
 
 
3.14  STORMWATER DISPOSAL SYSTEM INSTALLATION 
 

A. Excavate trenches of width and depth, and install system and backfill according to chamber 
manufacturer's written instructions.  Include storage and leaching chambers, filtering material, 
and filter mat. 

 
 
3.15  TAP CONNECTIONS 
 

A. Make connections to existing piping and underground structures so finished Work complies 
as nearly as practical with requirements specified for new Work. 

 
B. Use commercially manufactured wye fittings for piping branch connections.  Remove section 

of existing pipe; install wye fitting into existing piping; and encase entire wye fitting, plus 6-
inch (150 mm) overlap, with not less than 6 inches (150 mm) of concrete with 28-day com-
pressive strength of 3000 psi (20.7 MPa). 

 
C. Make branch connections from side into existing piping, NPS 4 to NPS 20 (DN100 to 

DN500).  Remove section of existing pipe; install wye fitting into existing piping; and encase 
entire wye with not less than 6 inches (150 mm) of concrete with 28-day compressive 
strength of 3000 psi (20.7 MPa). 

 
D. Make branch connections from side into existing piping, NPS 21 (DN525) or larger, or to un-

derground structures by cutting opening into existing unit large enough to allow 3 inches 
(76 mm) of concrete to be packed around entering connection.  Cut end of connection pipe 
passing through pipe or structure wall to conform to shape of and be flush with inside wall, 
unless otherwise indicated.  On outside of pipe or structure wall, encase entering connection 
in 6 inches (150 mm) of concrete for minimum length of 12 inches (300 mm) to provide addi-
tional support of collar from connection to undisturbed ground. 

 
1. Use concrete that will attain minimum 28-day compressive strength of 3000 psi 

(20.7 MPa), unless otherwise indicated. 
2. Use epoxy-bonding compound as interface between new and existing concrete and 

piping materials. 
 

E. Protect existing piping and structures to prevent concrete or debris from entering while mak-
ing tap connections.  Remove debris or other extraneous material that may accumulate. 
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3.16  CLOSING ABANDONED STORM DRAINAGE SYSTEMS 
 

A. Abandoned Piping:  Close open ends of abandoned underground piping indicated to remain 
in place.  Include closures strong enough to withstand hydrostatic and earth pressures that 
may result after ends of abandoned piping have been closed.  Use either procedure below: 

 
1. Close open ends of piping with at least 8-inch- (200-mm-) thick, brick masonry bulk-

heads. 
2. Close open ends of piping with threaded metal caps, plastic plugs, or other accepta-

ble methods suitable for size and type of material being closed.  Do not use wood 
plugs. 

 
B. Abandoned Structures:  Excavate around structure as required and use one procedure be-

low: 
 

1. Remove structure and close open ends of remaining piping. 
2. Remove top of structure down to at least 36 inches (1000 mm) below final grade.  Fill 

to within 12 inches (300 mm) of top with stone, rubble, gravel, or compacted dirt.  Fill 
to top with concrete. 

3. Backfill to grade according to Division 2 Section "Earthwork." 
 

 
3.17  FIELD QUALITY CONTROL 
 

A. Clear interior of piping and structures of dirt and superfluous material as work progresses.  
Maintain swab or drag in piping, and pull past each joint as it is completed. 

 
 1.  In large, accessible piping, brushes and brooms may be used for cleaning. 
 2.  Place plug in end of incomplete piping at end of day and when work stops. 

3. Flush piping between manholes and other structures to remove collected debris, if 
required by authorities having jurisdiction. 

 
B. Inspect interior of piping to determine whether line displacement or other damage has oc-

curred.  Inspect after approximately 24 inches (600 mm) of backfill is in place, and again at 
completion of Project. 

 
 1.  Submit separate reports for each system inspection. 
 2.  Defects requiring correction include the following: 
 

a. Alignment:  Less than full diameter of inside of pipe is visible between struc-
tures. 

b. Deflection:  Flexible piping with deflection that prevents passage of ball or 
cylinder of size not less than 92.5 percent of piping diameter. 

c. Crushed, broken, cracked, or otherwise damaged piping. 
d. Infiltration:  Water leakage into piping. 
e. Exfiltration:  Water leakage from or around piping. 

 
3. Replace defective piping using new materials, and repeat inspections until defects 

are within allowances specified. 
4. Re-inspect and repeat procedure until results are satisfactory. 
 

C. Test new piping systems, and parts of existing systems that have been altered, extended, or 
repaired, for leaks and defects. 
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1. Do not enclose, cover, or put into service before inspection and approval. 
2. Test completed piping systems according to authorities having jurisdiction. 
3. Schedule tests and inspections by authorities having jurisdiction with at least 24 

hours' advance notice. 
4. Submit separate reports for each test. 
5. Leaks and loss in test pressure constitute defects that must be repaired. 
6. Replace leaking piping using new materials, and repeat testing until leakage is within 

allowances specified. 
 

 
 
 
END OF SECTION 33 40 00 
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	260573.13 - Short-Circuit Studies
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section includes a computer-based, fault-current study to determine the minimum interrupting capacity of circuit protective devices.
	A. Section includes a computer-based, fault-current study to determine the minimum interrupting capacity of circuit protective devices.

	1.2 ACTION SUBMITTALS
	1.2 ACTION SUBMITTALS
	A. Product Data:
	A. Product Data:
	1. For computer software program to be used for studies.
	1. For computer software program to be used for studies.
	2. Submit the following after the approval of system protective devices submittals. Submittals shall be in digital form.
	2. Submit the following after the approval of system protective devices submittals. Submittals shall be in digital form.
	a. Short-circuit study input data, including completed computer program input data sheets.
	a. Short-circuit study input data, including completed computer program input data sheets.
	b. Short-circuit study and equipment evaluation report; signed, dated, and sealed by a qualified professional engineer.
	b. Short-circuit study and equipment evaluation report; signed, dated, and sealed by a qualified professional engineer.
	1) Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...
	1) Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...
	2) Revised one-line diagram, reflecting field investigation results and results of short-circuit study.
	2) Revised one-line diagram, reflecting field investigation results and results of short-circuit study.




	1.3 INFORMATIONAL SUBMITTALS
	1.3 INFORMATIONAL SUBMITTALS
	A. Qualification Data:
	A. Qualification Data:
	1. For Power Systems Analysis Software Developer.
	1. For Power Systems Analysis Software Developer.
	2. For Power System Analysis Specialist.
	2. For Power System Analysis Specialist.
	3. For Field Adjusting Agency.
	3. For Field Adjusting Agency.

	B. Product Certificates: For short-circuit study software, certifying compliance with IEEE 399.
	B. Product Certificates: For short-circuit study software, certifying compliance with IEEE 399.

	1.4 CLOSEOUT SUBMITTALS
	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Study shall be performed using commercially developed and distributed software designed specifically for power system analysis.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.

	1.5 QUALITY ASSURANCE
	1.5 QUALITY ASSURANCE
	A. Study shall be performed using commercially developed and distributed software designed specifically for power system analysis.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.
	C. Manual calculations are unacceptable.
	C. Manual calculations are unacceptable.
	1. Power System Analysis Software Qualifications: Computer program shall be designed to perform short-circuit studies or have a function, component, or add-on module designed to perform short-circuit studies.
	1. Power System Analysis Software Qualifications: Computer program shall be designed to perform short-circuit studies or have a function, component, or add-on module designed to perform short-circuit studies.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.

	D. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.
	D. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.
	E. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed and sealed by Power Systems Analysis Specialist.
	E. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed and sealed by Power Systems Analysis Specialist.
	F. Field Adjusting Agency Qualifications:
	F. Field Adjusting Agency Qualifications:
	1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification responsible for all field adjusting of the Work.
	1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification responsible for all field adjusting of the Work.
	2. A member company of NETA.
	2. A member company of NETA.
	3. Acceptable to authorities having jurisdiction.
	3. Acceptable to authorities having jurisdiction.



	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS
	2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. CGI CYME.
	1. CGI CYME.
	2. EDSA Micro Corporation.
	2. EDSA Micro Corporation.
	3. ESA Inc.
	3. ESA Inc.
	4. Operation Technology, Inc.
	4. Operation Technology, Inc.
	5. Power Analytics, Corporation.
	5. Power Analytics, Corporation.
	6. SKM Systems Analysis, Inc.
	6. SKM Systems Analysis, Inc.

	B. Comply with IEEE 399 and IEEE 551.
	B. Comply with IEEE 399 and IEEE 551.
	1. Analytical features of power systems analysis software program shall have capability to calculate "mandatory" features as listed in IEEE 399.
	1. Analytical features of power systems analysis software program shall have capability to calculate "mandatory" features as listed in IEEE 399.

	C. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output.

	2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS
	C. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output.
	C. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output.

	2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS
	A. Executive summary of study findings.
	A. Executive summary of study findings.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	C. One-line diagram of modeled power system, showing the following:
	C. One-line diagram of modeled power system, showing the following:
	1. Protective device designations and ampere ratings.
	1. Protective device designations and ampere ratings.
	2. Conductor types, sizes, and lengths.
	2. Conductor types, sizes, and lengths.
	3. Transformer kilovolt ampere (kVA) and voltage ratings.
	3. Transformer kilovolt ampere (kVA) and voltage ratings.
	4. Motor and generator designations and kVA ratings.
	4. Motor and generator designations and kVA ratings.
	5. Switchgear, switchboard, motor-control center, and panelboard designations and ratings.
	5. Switchgear, switchboard, motor-control center, and panelboard designations and ratings.
	6. Derating factors and environmental conditions.
	6. Derating factors and environmental conditions.
	7. Any revisions to electrical equipment required by the study.
	7. Any revisions to electrical equipment required by the study.

	D. Comments and recommendations for system improvements or revisions in a written document, separate from one-line diagram.
	D. Comments and recommendations for system improvements or revisions in a written document, separate from one-line diagram.
	E. Protective Device Evaluation:
	E. Protective Device Evaluation:
	1. Evaluate equipment and protective devices and compare to available short-circuit currents. Verify that equipment withstand ratings exceed available short-circuit current at equipment installation locations.
	1. Evaluate equipment and protective devices and compare to available short-circuit currents. Verify that equipment withstand ratings exceed available short-circuit current at equipment installation locations.
	2. Tabulations of circuit breaker, fuse, and other protective device ratings versus calculated short-circuit duties.
	2. Tabulations of circuit breaker, fuse, and other protective device ratings versus calculated short-circuit duties.
	3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or higher than calculated 1/2-cycle symmetrical fault current.
	3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or higher than calculated 1/2-cycle symmetrical fault current.
	4. For devices and equipment rated for asymmetrical fault current, apply multiplication factors listed in standards to 1/2-cycle symmetrical fault current.
	4. For devices and equipment rated for asymmetrical fault current, apply multiplication factors listed in standards to 1/2-cycle symmetrical fault current.

	F. Short-Circuit Study Input Data:
	F. Short-Circuit Study Input Data:
	1. One-line diagram of system being studied.
	1. One-line diagram of system being studied.
	2. Power sources available.
	2. Power sources available.
	3. Manufacturer, model, and interrupting rating of protective devices.
	3. Manufacturer, model, and interrupting rating of protective devices.
	4. Conductors.
	4. Conductors.
	5. Transformer data.
	5. Transformer data.

	G. Short-Circuit Study Output Reports:
	G. Short-Circuit Study Output Reports:
	1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	a. Voltage.
	a. Voltage.
	b. Calculated fault-current magnitude and angle.
	b. Calculated fault-current magnitude and angle.
	c. Fault-point X/R ratio.
	c. Fault-point X/R ratio.
	d. Equivalent impedance.
	d. Equivalent impedance.

	2. Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	2. Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	2. Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	a. Voltage.
	a. Voltage.
	b. Calculated symmetrical fault-current magnitude and angle.
	b. Calculated symmetrical fault-current magnitude and angle.
	c. Fault-point X/R ratio.
	c. Fault-point X/R ratio.
	d. Calculated asymmetrical fault currents:
	d. Calculated asymmetrical fault currents:
	1) Based on fault-point X/R ratio.
	1) Based on fault-point X/R ratio.
	2) Based on calculated symmetrical value multiplied by 1.6.
	2) Based on calculated symmetrical value multiplied by 1.6.
	3) Based on calculated symmetrical value multiplied by 2.7.
	3) Based on calculated symmetrical value multiplied by 2.7.


	3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:
	a. Voltage.
	a. Voltage.
	b. Calculated symmetrical fault-current magnitude and angle.
	b. Calculated symmetrical fault-current magnitude and angle.
	c. Fault-point X/R ratio.
	c. Fault-point X/R ratio.
	d. No AC Decrement (NACD) ratio.
	d. No AC Decrement (NACD) ratio.
	e. Equivalent impedance.
	e. Equivalent impedance.
	f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis.
	f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis.
	g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.
	g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.




	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 POWER SYSTEM DATA
	3.1 POWER SYSTEM DATA
	A. Obtain all data necessary for conduct of the study.
	A. Obtain all data necessary for conduct of the study.
	B. Gather and tabulate the required input data to support the short-circuit study. Comply with requirements in Section 017839 "Project Record Documents" for recording circuit protective device characteristics. Record data on a Record Document copy of ...
	B. Gather and tabulate the required input data to support the short-circuit study. Comply with requirements in Section 017839 "Project Record Documents" for recording circuit protective device characteristics. Record data on a Record Document copy of ...

	3.2 SHORT-CIRCUIT STUDY
	3.2 SHORT-CIRCUIT STUDY
	A. Perform study following the general study procedures contained in IEEE 399.
	A. Perform study following the general study procedures contained in IEEE 399.
	B. Calculate short-circuit currents according to IEEE 551.
	B. Calculate short-circuit currents according to IEEE 551.
	C. Base study on device characteristics supplied by device manufacturer.
	C. Base study on device characteristics supplied by device manufacturer.
	D. Extent of electrical power system to be studied is indicated on Drawings.
	D. Extent of electrical power system to be studied is indicated on Drawings.
	E. Begin short-circuit current analysis at the service, extending down to system overcurrent protective devices as follows:
	1. To normal system low-voltage load buses where fault current is 10 kA or less.

	E. Begin short-circuit current analysis at the service, extending down to system overcurrent protective devices as follows:
	E. Begin short-circuit current analysis at the service, extending down to system overcurrent protective devices as follows:
	1. To normal system low-voltage load buses where fault current is 10 kA or less.
	2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA.
	2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA.

	F. Study electrical distribution system from normal and alternate power sources throughout electrical distribution system for Project. Study all cases of system-switching configurations and alternate operations that could result in maximum fault condi...
	F. Study electrical distribution system from normal and alternate power sources throughout electrical distribution system for Project. Study all cases of system-switching configurations and alternate operations that could result in maximum fault condi...
	G. Include the ac fault-current decay from induction motors, synchronous motors, and asynchronous generators and apply to low- and medium-voltage, three-phase ac systems. Also account for the fault-current dc decrement to address asymmetrical requirem...
	G. Include the ac fault-current decay from induction motors, synchronous motors, and asynchronous generators and apply to low- and medium-voltage, three-phase ac systems. Also account for the fault-current dc decrement to address asymmetrical requirem...
	H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-ground fault at each equipment indicated on one-line diagram.
	H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-ground fault at each equipment indicated on one-line diagram.
	1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the three-phase bolted fault short-circuit study.
	1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the three-phase bolted fault short-circuit study.

	I. Include in the report identification of any protective device applied outside its capacity.
	I. Include in the report identification of any protective device applied outside its capacity.
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	260573.16 - Coordination Studies
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section includes computer-based, overcurrent protective device coordination studies to determine overcurrent protective devices and to determine overcurrent protective device settings for selective tripping.
	A. Section includes computer-based, overcurrent protective device coordination studies to determine overcurrent protective devices and to determine overcurrent protective device settings for selective tripping.

	1.2 ACTION SUBMITTALS
	1.2 ACTION SUBMITTALS
	A. Product Data:
	A. Product Data:
	1. For computer software program to be used for studies.
	1. For computer software program to be used for studies.
	2. Submit the following after the approval of system protective devices submittals. Submittals shall be in digital form.
	2. Submit the following after the approval of system protective devices submittals. Submittals shall be in digital form.
	a. Coordination-study input data, including completed computer program input data sheets.
	a. Coordination-study input data, including completed computer program input data sheets.
	b. Study and equipment evaluation reports.
	b. Study and equipment evaluation reports.

	3. Overcurrent protective device coordination study report; signed, dated, and sealed by a qualified professional engineer.
	3. Overcurrent protective device coordination study report; signed, dated, and sealed by a qualified professional engineer.
	a. Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...
	a. Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...



	1.3 INFORMATIONAL SUBMITTALS
	1.3 INFORMATIONAL SUBMITTALS
	A. Qualification Data:
	A. Qualification Data:
	1. For Power System Analysis Software Developer.
	1. For Power System Analysis Software Developer.
	2. For Power Systems Analysis Specialist.
	2. For Power Systems Analysis Specialist.
	3. For Field Adjusting Agency.
	3. For Field Adjusting Agency.

	B. Product Certificates: For overcurrent protective device coordination study software, certifying compliance with IEEE 399.
	B. Product Certificates: For overcurrent protective device coordination study software, certifying compliance with IEEE 399.

	1.4 CLOSEOUT SUBMITTALS
	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Studies shall be performed using commercially developed and distributed software designed specifically for power system analysis.

	1.5 QUALITY ASSURANCE
	1.5 QUALITY ASSURANCE
	A. Studies shall be performed using commercially developed and distributed software designed specifically for power system analysis.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.
	C. Manual calculations are unacceptable.
	C. Manual calculations are unacceptable.
	D. Power System Analysis Software Qualifications:
	D. Power System Analysis Software Qualifications:
	1. Computer program shall be designed to perform coordination studies or have a function, component, or add-on module designed to perform coordination studies.
	1. Computer program shall be designed to perform coordination studies or have a function, component, or add-on module designed to perform coordination studies.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.

	E. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.
	E. Power Systems Analysis Specialist Qualifications: Professional engineer licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.
	F. Field Adjusting Agency Qualifications:
	F. Field Adjusting Agency Qualifications:
	1. Employer of a NETA ETT-Certified Technician Level III responsible for all field adjusting of the Work.
	1. Employer of a NETA ETT-Certified Technician Level III responsible for all field adjusting of the Work.
	2. A member company of NETA.
	2. A member company of NETA.
	3. Acceptable to authorities having jurisdiction.
	3. Acceptable to authorities having jurisdiction.



	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS
	2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. CGI CYME.
	1. CGI CYME.
	2. EDSA Micro Corporation.
	2. EDSA Micro Corporation.
	3. ESA Inc.
	3. ESA Inc.
	4. Operation Technology, Inc.
	4. Operation Technology, Inc.
	5. Power Analytics, Corporation.
	5. Power Analytics, Corporation.
	6. SKM Systems Analysis, Inc.
	6. SKM Systems Analysis, Inc.

	B. Comply with IEEE 242 and IEEE 399.
	B. Comply with IEEE 242 and IEEE 399.
	C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory" features as listed in IEEE 399.
	C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory" features as listed in IEEE 399.
	D. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output. Computer software program shall report device settings and ratings of all overcurrent protective devices and shall demo...
	D. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output. Computer software program shall report device settings and ratings of all overcurrent protective devices and shall demo...

	2.2 COORDINATION STUDY REPORT CONTENTS
	2.2 COORDINATION STUDY REPORT CONTENTS
	A. Executive summary of study findings.
	A. Executive summary of study findings.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	C. One-line diagram of modeled power system, showing the following:
	C. One-line diagram of modeled power system, showing the following:
	1. Protective device designations and ampere ratings.
	1. Protective device designations and ampere ratings.
	2. Conductor types, sizes, and lengths.
	2. Conductor types, sizes, and lengths.
	3. Transformer kilovolt ampere (kVA) and voltage ratings.
	3. Transformer kilovolt ampere (kVA) and voltage ratings.
	4. Motor and generator designations and kVA ratings.
	4. Motor and generator designations and kVA ratings.
	5. Switchgear, switchboard, motor-control center, and panelboard designations.
	5. Switchgear, switchboard, motor-control center, and panelboard designations.
	6. Any revisions to electrical equipment required by the study.
	6. Any revisions to electrical equipment required by the study.
	7. Study Input Data: As described in "Power System Data" Article.
	7. Study Input Data: As described in "Power System Data" Article.
	a. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."
	a. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."


	D. Protective Device Coordination Study:
	D. Protective Device Coordination Study:
	1. Report recommended settings of protective devices, ready to be applied in the field. Use manufacturer's data sheets for recording the recommended setting of overcurrent protective devices when available.
	1. Report recommended settings of protective devices, ready to be applied in the field. Use manufacturer's data sheets for recording the recommended setting of overcurrent protective devices when available.
	a. Phase and Ground Relays:
	a. Phase and Ground Relays:
	1) Device tag.
	1) Device tag.
	2) Relay current transformer ratio and tap, time dial, and instantaneous pickup value.
	2) Relay current transformer ratio and tap, time dial, and instantaneous pickup value.
	3) Recommendations on improved relaying systems, if applicable.
	3) Recommendations on improved relaying systems, if applicable.

	b. Circuit Breakers:
	b. Circuit Breakers:
	1) Adjustable pickups and time delays (long time, short time, and ground).
	1) Adjustable pickups and time delays (long time, short time, and ground).
	2) Adjustable time-current characteristic.
	2) Adjustable time-current characteristic.
	3) Adjustable instantaneous pickup.
	3) Adjustable instantaneous pickup.
	4) Recommendations on improved trip systems, if applicable.
	4) Recommendations on improved trip systems, if applicable.

	c. Fuses: Show current rating, voltage, and class.
	c. Fuses: Show current rating, voltage, and class.


	E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to achieve selective coordination. Graphically illustrate that adequate time separation exists between devices installed in series, including power utility compa...
	E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to achieve selective coordination. Graphically illustrate that adequate time separation exists between devices installed in series, including power utility compa...
	1. Device tag and title, one-line diagram with legend identifying the portion of the system covered.
	2. Terminate device characteristic curves at a point reflecting maximum symmetrical or asymmetrical fault current to which the device is exposed.
	1. Device tag and title, one-line diagram with legend identifying the portion of the system covered.
	1. Device tag and title, one-line diagram with legend identifying the portion of the system covered.
	2. Terminate device characteristic curves at a point reflecting maximum symmetrical or asymmetrical fault current to which the device is exposed.
	3. Identify the device associated with each curve by manufacturer type, function, and, if applicable, tap, time delay, and instantaneous settings recommended.
	3. Identify the device associated with each curve by manufacturer type, function, and, if applicable, tap, time delay, and instantaneous settings recommended.
	4. Plot the following listed characteristic curves, as applicable:
	4. Plot the following listed characteristic curves, as applicable:
	a. Power utility's overcurrent protective device.
	a. Power utility's overcurrent protective device.
	b. Low-voltage fuses including manufacturer's minimum melt, total clearing, tolerance, and damage bands.
	b. Low-voltage fuses including manufacturer's minimum melt, total clearing, tolerance, and damage bands.
	c. Low-voltage equipment circuit-breaker trip devices, including manufacturer's tolerance bands.
	c. Low-voltage equipment circuit-breaker trip devices, including manufacturer's tolerance bands.
	d. Transformer full-load current, magnetizing inrush current, and ANSI through-fault protection curves.
	d. Transformer full-load current, magnetizing inrush current, and ANSI through-fault protection curves.
	e. Ground-fault protective devices.
	e. Ground-fault protective devices.
	f. The largest feeder circuit breaker in each motor-control center and panelboard.
	f. The largest feeder circuit breaker in each motor-control center and panelboard.

	5. Maintain selectivity for tripping currents caused by overloads.
	5. Maintain selectivity for tripping currents caused by overloads.
	6. Provide adequate time margins between device characteristics such that selective operation is achieved.
	6. Provide adequate time margins between device characteristics such that selective operation is achieved.
	7. Comments and recommendations for system improvements.
	7. Comments and recommendations for system improvements.



	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	3.1 EXAMINATION
	A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system coordination requirements and other conditions affecting performance of the Work. Devices to be coordinated are indicated on Drawings.
	A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system coordination requirements and other conditions affecting performance of the Work. Devices to be coordinated are indicated on Drawings.
	1. Proceed with coordination study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to coordination study may not be used in study.
	1. Proceed with coordination study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to coordination study may not be used in study.


	3.2 POWER SYSTEM DATA
	3.2 POWER SYSTEM DATA
	A. Obtain all data necessary for conduct of the overcurrent protective device study.
	A. Obtain all data necessary for conduct of the overcurrent protective device study.
	1. Verify completeness of data supplied in one-line diagram on Drawings. Call any discrepancies to Architect's attention.
	1. Verify completeness of data supplied in one-line diagram on Drawings. Call any discrepancies to Architect's attention.
	2. For equipment included as Work of this Project, use characteristics submitted under provisions of action submittals and information submittals for this Project.
	2. For equipment included as Work of this Project, use characteristics submitted under provisions of action submittals and information submittals for this Project.

	B. Gather and tabulate all required input data to support the coordination study. List below is a guide. Comply with recommendations in IEEE 551 for the amount of detail required to be acquired in the field. Field data gathering shall be under direct ...
	B. Gather and tabulate all required input data to support the coordination study. List below is a guide. Comply with recommendations in IEEE 551 for the amount of detail required to be acquired in the field. Field data gathering shall be under direct ...

	3.3 COORDINATION STUDY
	3.3 COORDINATION STUDY
	3.3 COORDINATION STUDY
	A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time intervals.
	A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time intervals.
	B. Comply with IEEE 399 for general study procedures.
	B. Comply with IEEE 399 for general study procedures.
	C. Base study on device characteristics supplied by device manufacturer.
	C. Base study on device characteristics supplied by device manufacturer.
	D. Extent of electrical power system to be studied is indicated on Drawings.
	D. Extent of electrical power system to be studied is indicated on Drawings.
	E. Begin analysis at the service, extending down to system overcurrent protective devices as follows:
	E. Begin analysis at the service, extending down to system overcurrent protective devices as follows:
	1. To normal system low-voltage load buses where fault current is 10 kA or less.
	1. To normal system low-voltage load buses where fault current is 10 kA or less.
	2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA.
	2. Exclude equipment rated 240 V ac or less when supplied by a single transformer rated less than 125 kVA.

	F. Study electrical distribution system from normal and alternate power sources throughout electrical distribution system for Project. Study all cases of system-switching configurations and alternate operations that could result in maximum fault condi...
	F. Study electrical distribution system from normal and alternate power sources throughout electrical distribution system for Project. Study all cases of system-switching configurations and alternate operations that could result in maximum fault condi...
	G. Transformer Primary Overcurrent Protective Devices:
	G. Transformer Primary Overcurrent Protective Devices:
	1. Device shall not operate in response to the following:
	1. Device shall not operate in response to the following:
	a. Inrush current when first energized.
	a. Inrush current when first energized.
	b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is specified for that transformer.
	b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is specified for that transformer.
	c. Permissible transformer overloads according to IEEE C57.96 if required by unusual loading or emergency conditions.
	c. Permissible transformer overloads according to IEEE C57.96 if required by unusual loading or emergency conditions.

	2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents.
	2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents.

	H. Motor Protection:
	H. Motor Protection:
	1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70.
	1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70.
	2. Select protection for motors served at voltages more than 600 V according to IEEE 620.
	2. Select protection for motors served at voltages more than 600 V according to IEEE 620.

	I. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242. Demonstrate that equipment withstands the maximum short-circuit current for a time equiva...
	I. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242. Demonstrate that equipment withstands the maximum short-circuit current for a time equiva...
	J. Generator Protection: Select protection according to manufacturer's written instructions and to IEEE 242.
	J. Generator Protection: Select protection according to manufacturer's written instructions and to IEEE 242.
	K. Include the ac fault-current decay from induction motors and apply to low- and medium-voltage, three-phase ac systems. Also account for fault-current dc decrement, to address asymmetrical requirements of interrupting equipment.
	K. Include the ac fault-current decay from induction motors and apply to low- and medium-voltage, three-phase ac systems. Also account for fault-current dc decrement, to address asymmetrical requirements of interrupting equipment.
	L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-ground fault at each equipment indicated on one-line diagram.
	1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the three-phase bolted fault short-circuit study.

	L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-ground fault at each equipment indicated on one-line diagram.
	L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a single line-to-ground fault at each equipment indicated on one-line diagram.
	1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the three-phase bolted fault short-circuit study.

	M. Protective Device Evaluation:
	M. Protective Device Evaluation:
	1. Evaluate equipment and protective devices and compare to short-circuit ratings.
	1. Evaluate equipment and protective devices and compare to short-circuit ratings.
	2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand short-circuit stresses.
	2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand short-circuit stresses.
	3. Include in the report identification of any protective device applied outside its capacity.
	3. Include in the report identification of any protective device applied outside its capacity.


	3.4 LOAD-FLOW AND VOLTAGE-DROP STUDY
	3.4 LOAD-FLOW AND VOLTAGE-DROP STUDY
	A. Perform a load-flow and voltage-drop study to determine the steady-state loading profile of the system. Analyze power system performance two times as follows:
	A. Perform a load-flow and voltage-drop study to determine the steady-state loading profile of the system. Analyze power system performance two times as follows:
	1. Determine load flow and voltage drop based on full-load currents obtained in "Power System Data" Article.
	1. Determine load flow and voltage drop based on full-load currents obtained in "Power System Data" Article.
	2. Determine load flow and voltage drop based on 80 percent of the design capacity of load buses.
	2. Determine load flow and voltage drop based on 80 percent of the design capacity of load buses.
	3. Prepare load-flow and voltage-drop analysis and report to show power system components that are overloaded, or might become overloaded; show bus voltages that are less than as prescribed by NFPA 70.
	3. Prepare load-flow and voltage-drop analysis and report to show power system components that are overloaded, or might become overloaded; show bus voltages that are less than as prescribed by NFPA 70.


	3.5 MOTOR-STARTING STUDY
	3.5 MOTOR-STARTING STUDY
	A. Prepare the motor-starting study report, noting light flicker for limits proposed by IEEE 141, and voltage sags so as not to affect operation of other utilization equipment on system supplying the motor.
	A. Prepare the motor-starting study report, noting light flicker for limits proposed by IEEE 141, and voltage sags so as not to affect operation of other utilization equipment on system supplying the motor.

	3.6 FIELD ADJUSTING
	3.6 FIELD ADJUSTING
	A. Adjust relay and protective device settings according to recommended settings provided by the coordination study. Field adjustments shall be completed by the engineering service division of equipment manufacturer under the "Startup and Acceptance T...
	A. Adjust relay and protective device settings according to recommended settings provided by the coordination study. Field adjustments shall be completed by the engineering service division of equipment manufacturer under the "Startup and Acceptance T...
	B. Make minor modifications to equipment as required to accomplish compliance with short-circuit and protective device coordination studies.
	B. Make minor modifications to equipment as required to accomplish compliance with short-circuit and protective device coordination studies.
	C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who holds NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification.
	C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who holds NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification.
	1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters. Perform NETA tests and inspections for all adjustable overcurrent protective devices.
	1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters. Perform NETA tests and inspections for all adjustable overcurrent protective devices.


	3.7 DEMONSTRATION
	A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in the following:

	3.7 DEMONSTRATION
	3.7 DEMONSTRATION
	A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in the following:
	1. Acquaint personnel in fundamentals of operating the power system in normal and emergency modes.
	1. Acquaint personnel in fundamentals of operating the power system in normal and emergency modes.
	2. Hand-out and explain the coordination study objectives, study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpreting time-current coordination curves.
	2. Hand-out and explain the coordination study objectives, study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpreting time-current coordination curves.
	3. For Owner's maintenance staff certified as NETA ETT-Certified Technicians Level III or NICET Electrical Power Testing Level III Technicians, teach how to adjust, operate, and maintain overcurrent protective device settings.
	3. For Owner's maintenance staff certified as NETA ETT-Certified Technicians Level III or NICET Electrical Power Testing Level III Technicians, teach how to adjust, operate, and maintain overcurrent protective device settings.
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	260573.19 - Arc-Flash Hazard Analysis
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance and the incident energy to which personnel could be exposed during work on or near electrical equipment.
	A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance and the incident energy to which personnel could be exposed during work on or near electrical equipment.

	1.2 ACTION SUBMITTALS
	1.2 ACTION SUBMITTALS
	A. Product Data: For computer software program to be used for studies.
	A. Product Data: For computer software program to be used for studies.
	B. Study Submittals: Submit the following submittals after the approval of system protective devices submittals. Submittals shall be in digital form:
	B. Study Submittals: Submit the following submittals after the approval of system protective devices submittals. Submittals shall be in digital form:
	1. Arc-flash study input data, including completed computer program input data sheets.
	1. Arc-flash study input data, including completed computer program input data sheets.
	2. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis Specialist.
	2. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis Specialist.
	3. Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...
	3. Submit study report for action prior to receiving final approval of distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficie...


	1.3 INFORMATIONAL SUBMITTALS
	1.3 INFORMATIONAL SUBMITTALS
	A. Qualification Data:
	A. Qualification Data:
	1. For Power Systems Analysis Software Developer.
	1. For Power Systems Analysis Software Developer.
	2. For Power System Analysis Specialist.
	2. For Power System Analysis Specialist.
	3. For Field Adjusting Agency.
	3. For Field Adjusting Agency.

	B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with IEEE 1584 and NFPA 70E.
	B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with IEEE 1584 and NFPA 70E.

	1.4 CLOSEOUT SUBMITTALS
	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	1.5 QUALITY ASSURANCE
	A. Study shall be performed using commercially developed and distributed software designed specifically for power system analysis.
	A. Study shall be performed using commercially developed and distributed software designed specifically for power system analysis.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.
	B. Software algorithms shall comply with requirements of standards and guides specified in this Section.
	C. Manual calculations are unacceptable.
	D. Power System Analysis Software Qualifications: An entity that owns and markets computer software used for studies, having performed successful studies of similar magnitude on electrical distribution systems using similar devices.
	C. Manual calculations are unacceptable.
	C. Manual calculations are unacceptable.
	D. Power System Analysis Software Qualifications: An entity that owns and markets computer software used for studies, having performed successful studies of similar magnitude on electrical distribution systems using similar devices.
	1. Computer program shall be designed to perform arc-flash analysis or have a function, component, or add-on module designed to perform arc-flash analysis.
	1. Computer program shall be designed to perform arc-flash analysis or have a function, component, or add-on module designed to perform arc-flash analysis.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.
	2. Computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.

	E. Power Systems Analysis Specialist Qualifications: Professional engineer in charge of performing the arc-flash study, analyzing the arc flash, and documenting recommendations, licensed in the state where Project is located. All elements of the study...
	E. Power Systems Analysis Specialist Qualifications: Professional engineer in charge of performing the arc-flash study, analyzing the arc flash, and documenting recommendations, licensed in the state where Project is located. All elements of the study...
	F. Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power Systems Analysis Specialist.
	F. Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power Systems Analysis Specialist.
	G. Field Adjusting Agency Qualifications:
	G. Field Adjusting Agency Qualifications:
	1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification responsible for all field adjusting of the Work.
	1. Employer of a NETA ETT-Certified Technician Level III or NICET Electrical Power Testing Level III certification responsible for all field adjusting of the Work.
	2. A member company of NETA.
	2. A member company of NETA.
	3. Acceptable to authorities having jurisdiction.
	3. Acceptable to authorities having jurisdiction.



	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 COMPUTER SOFTWARE DEVELOPERS
	2.1 COMPUTER SOFTWARE DEVELOPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. CGI CYME.
	1. CGI CYME.
	2. EDSA Micro Corporation.
	2. EDSA Micro Corporation.
	3. ESA Inc.
	3. ESA Inc.
	4. Operation Technology, Inc.
	4. Operation Technology, Inc.
	5. Power Analytics, Corporation.
	5. Power Analytics, Corporation.
	6. SKM Systems Analysis, Inc.
	6. SKM Systems Analysis, Inc.

	B. Comply with IEEE 1584 and NFPA 70E.
	B. Comply with IEEE 1584 and NFPA 70E.
	C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory" features as listed in IEEE 399.
	C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory" features as listed in IEEE 399.

	2.2 ARC-FLASH STUDY REPORT CONTENT
	2.2 ARC-FLASH STUDY REPORT CONTENT
	A. Executive summary of study findings.
	A. Executive summary of study findings.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	C. One-line diagram, showing the following:
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpretation of results.
	C. One-line diagram, showing the following:
	1. Protective device designations and ampere ratings.
	1. Protective device designations and ampere ratings.
	2. Conductor types, sizes, and lengths.
	2. Conductor types, sizes, and lengths.
	3. Transformer kilovolt ampere (kVA) and voltage ratings, including derating factors and environmental conditions.
	3. Transformer kilovolt ampere (kVA) and voltage ratings, including derating factors and environmental conditions.
	4. Motor and generator designations and kVA ratings.
	4. Motor and generator designations and kVA ratings.
	5. Switchgear, switchboard, motor-control center, panelboard designations, and ratings.
	5. Switchgear, switchboard, motor-control center, panelboard designations, and ratings.

	D. Study Input Data: As described in "Power System Data" Article.
	D. Study Input Data: As described in "Power System Data" Article.
	E. Short-Circuit Study Output Data: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."
	E. Short-Circuit Study Output Data: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."
	F. Protective Device Coordination Study Report Contents: As specified in "Coordination Study Report Contents" Article in Section 260573.16 "Coordination Studies."
	F. Protective Device Coordination Study Report Contents: As specified in "Coordination Study Report Contents" Article in Section 260573.16 "Coordination Studies."
	G. Arc-Flash Study Output Reports:
	G. Arc-Flash Study Output Reports:
	1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each equipment location included in the report:
	1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each equipment location included in the report:
	a. Voltage.
	a. Voltage.
	b. Calculated symmetrical fault-current magnitude and angle.
	b. Calculated symmetrical fault-current magnitude and angle.
	c. Fault-point X/R ratio.
	c. Fault-point X/R ratio.
	d. No AC Decrement (NACD) ratio.
	d. No AC Decrement (NACD) ratio.
	e. Equivalent impedance.
	e. Equivalent impedance.
	f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis.
	f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis.
	g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.
	g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.


	H. Incident Energy and Flash Protection Boundary Calculations:
	H. Incident Energy and Flash Protection Boundary Calculations:
	1. Arcing fault magnitude.
	1. Arcing fault magnitude.
	2. Protective device clearing time.
	2. Protective device clearing time.
	3. Duration of arc.
	3. Duration of arc.
	4. Arc-flash boundary.
	4. Arc-flash boundary.
	5. Restricted approach boundary.
	5. Restricted approach boundary.
	6. Limited approach boundary.
	6. Limited approach boundary.
	7. Working distance.
	7. Working distance.
	8. Incident energy.
	8. Incident energy.
	9. Hazard risk category.
	9. Hazard risk category.
	10. Recommendations for arc-flash energy reduction.
	10. Recommendations for arc-flash energy reduction.

	I. Fault study input data, case descriptions, and fault-current calculations including a definition of terms and guide for interpretation of computer printout.
	I. Fault study input data, case descriptions, and fault-current calculations including a definition of terms and guide for interpretation of computer printout.

	2.3 ARC-FLASH WARNING LABELS
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for self-adhesive equipment labels. Produce a 3.5-by-5-inch (76-by-127-mm) self-adhesive equipment label for each work location included in the analysis.

	2.3 ARC-FLASH WARNING LABELS
	2.3 ARC-FLASH WARNING LABELS
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for self-adhesive equipment labels. Produce a 3.5-by-5-inch (76-by-127-mm) self-adhesive equipment label for each work location included in the analysis.
	B. Label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," and shall include the following information taken directly from the arc-flash hazard analysis:
	B. Label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," and shall include the following information taken directly from the arc-flash hazard analysis:
	1. Location designation.
	1. Location designation.
	2. Nominal voltage.
	2. Nominal voltage.
	3. Protection boundaries.
	3. Protection boundaries.
	a. Arc-flash boundary.
	a. Arc-flash boundary.
	b. Restricted approach boundary.
	b. Restricted approach boundary.
	c. Limited approach boundary.
	c. Limited approach boundary.

	4. Arc flash PPE category.
	4. Arc flash PPE category.
	5. Required minimum arc rating of PPE in Cal/cm squared.
	5. Required minimum arc rating of PPE in Cal/cm squared.
	6. Available incident energy.
	6. Available incident energy.
	7. Working distance.
	7. Working distance.
	8. Engineering report number, revision number, and issue date.
	8. Engineering report number, revision number, and issue date.

	C. Labels shall be machine printed, with no field-applied markings.
	C. Labels shall be machine printed, with no field-applied markings.


	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	3.1 EXAMINATION
	A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to arc-flash study m...
	A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to arc-flash study m...

	3.2 ARC-FLASH HAZARD ANALYSIS
	3.2 ARC-FLASH HAZARD ANALYSIS
	A. Comply with NFPA 70E and its Annex D for hazard analysis study.
	A. Comply with NFPA 70E and its Annex D for hazard analysis study.
	B. Preparatory Studies: Perform the Short-Circuit and Protective Device Coordination studies prior to starting the Arc-Flash Hazard Analysis.
	B. Preparatory Studies: Perform the Short-Circuit and Protective Device Coordination studies prior to starting the Arc-Flash Hazard Analysis.
	1. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."
	1. Short-Circuit Study Output: As specified in "Short-Circuit Study Output Reports" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260573.13 "Short-Circuit Studies."
	2. Coordination Study Report Contents: As specified in "Coordination Study Report Contents" Article in Section 260573.16 "Coordination Studies."
	2. Coordination Study Report Contents: As specified in "Coordination Study Report Contents" Article in Section 260573.16 "Coordination Studies."

	C. Calculate maximum and minimum contributions of fault-current size.
	C. Calculate maximum and minimum contributions of fault-current size.
	1. Maximum calculation shall assume a maximum contribution from the utility and shall assume motors to be operating under full-load conditions.
	1. Maximum calculation shall assume a maximum contribution from the utility and shall assume motors to be operating under full-load conditions.
	2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according to IEEE 1584 recommendations.
	3. Calculate arc-flash energy at 38 percent of maximum short-circuit current according to NFPA 70E recommendations.
	2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according to IEEE 1584 recommendations.
	2. Calculate arc-flash energy at 85 percent of maximum short-circuit current according to IEEE 1584 recommendations.
	3. Calculate arc-flash energy at 38 percent of maximum short-circuit current according to NFPA 70E recommendations.
	4. Calculate arc-flash energy with the utility contribution at a minimum and assume no motor contribution.
	4. Calculate arc-flash energy with the utility contribution at a minimum and assume no motor contribution.

	D. Calculate the arc-flash protection boundary and incident energy at locations in electrical distribution system where personnel could perform work on energized parts.
	D. Calculate the arc-flash protection boundary and incident energy at locations in electrical distribution system where personnel could perform work on energized parts.
	E. Include low-voltage equipment locations, except equipment rated 240 V ac or less fed from transformers less than 125 kVA.
	E. Include low-voltage equipment locations, except equipment rated 240 V ac or less fed from transformers less than 125 kVA.
	F. Calculate the limited, restricted, and prohibited approach boundaries for each location.
	F. Calculate the limited, restricted, and prohibited approach boundaries for each location.
	G. Incident energy calculations shall consider the accumulation of energy over time when performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take into account the changing current contributions, as the source...
	G. Incident energy calculations shall consider the accumulation of energy over time when performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take into account the changing current contributions, as the source...
	1. Fault contribution from induction motors shall not be considered beyond three to five cycles.
	1. Fault contribution from induction motors shall not be considered beyond three to five cycles.

	H. Arc-flash energy shall generally be reported for the maximum of line or load side of a circuit breaker. However, arc-flash computation shall be performed and reported for both line and load side of a circuit breaker as follows:
	H. Arc-flash energy shall generally be reported for the maximum of line or load side of a circuit breaker. However, arc-flash computation shall be performed and reported for both line and load side of a circuit breaker as follows:
	1. When the circuit breaker is in a separate enclosure.
	1. When the circuit breaker is in a separate enclosure.
	2. When the line terminals of the circuit breaker are separate from the work location.
	2. When the line terminals of the circuit breaker are separate from the work location.

	I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.
	I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.

	3.3 POWER SYSTEM DATA
	3.3 POWER SYSTEM DATA
	A. Obtain all data necessary for conduct of the arc-flash hazard analysis.
	A. Obtain all data necessary for conduct of the arc-flash hazard analysis.
	1. Verify completeness of data supplied on one-line diagram on Drawings and under "Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call discrepancies to Architect's attention.
	1. Verify completeness of data supplied on one-line diagram on Drawings and under "Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call discrepancies to Architect's attention.
	2. For new equipment, use characteristics from approved submittals under provisions of action submittals and information submittals for this Project.
	2. For new equipment, use characteristics from approved submittals under provisions of action submittals and information submittals for this Project.


	3.4 LABELING
	3.4 LABELING
	A. Apply one arc-flash label on the front cover of each section of the equipment for each equipment included in the study. Base arc-flash label data on highest values calculated at each location.
	A. Apply one arc-flash label on the front cover of each section of the equipment for each equipment included in the study. Base arc-flash label data on highest values calculated at each location.
	B. Each piece of equipment listed below shall have an arc-flash label applied to it:
	B. Each piece of equipment listed below shall have an arc-flash label applied to it:
	1. Motor-control center.
	2. Low-voltage switchboard.
	3. Switchgear.
	1. Motor-control center.
	1. Motor-control center.
	2. Low-voltage switchboard.
	3. Switchgear.
	4. Medium-voltage switch.
	4. Medium-voltage switch.
	5. Medium voltage transformers
	5. Medium voltage transformers
	6. Low voltage transformers. Exclude transformers with high voltage side 240 V or less and less than 125 kVA.
	6. Low voltage transformers. Exclude transformers with high voltage side 240 V or less and less than 125 kVA.
	7. Panelboard and safety switch over 250 V.
	7. Panelboard and safety switch over 250 V.
	8. Applicable panelboard and safety switch under 250 V.
	8. Applicable panelboard and safety switch under 250 V.
	9. Control panel.
	9. Control panel.

	C. Note on record Drawings the location of equipment where the personnel could be exposed to arc-flash hazard during their work.
	C. Note on record Drawings the location of equipment where the personnel could be exposed to arc-flash hazard during their work.
	1. Indicate arc-flash energy.
	1. Indicate arc-flash energy.
	2. Indicate protection level required.
	2. Indicate protection level required.


	3.5 APPLICATION OF WARNING LABELS
	3.5 APPLICATION OF WARNING LABELS
	A. Install arc-flash warning labels under the direct supervision and control of Power System Analysis Specialist.
	A. Install arc-flash warning labels under the direct supervision and control of Power System Analysis Specialist.

	3.6 DEMONSTRATION
	3.6 DEMONSTRATION
	A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in potential arc-flash hazards associated with working on energized equipment and the significance of arc-flash warning labels.
	A. Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in potential arc-flash hazards associated with working on energized equipment and the significance of arc-flash warning labels.
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	Blank Page

	262200 - Low-Voltage Transformers
	SECTION 26 22 00 - LOW-VOLTAGE TRANSFORMERS
	SECTION 26 22 00 - LOW-VOLTAGE TRANSFORMERS
	PART 2 - PRODUCTS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	PART 3 - EXECUTION
	Blank Page

	262416
	SECTION 26 24 16 - PANELBOARDS
	SECTION 26 24 16 - PANELBOARDS
	PART 2 - PRODUCTS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	PART 3 - EXECUTION
	Blank Page

	262726
	SECTION 26 27 26 - WIRING DEVICES
	SECTION 26 27 26 - WIRING DEVICES
	PART 2 - PRODUCTS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	PART 3 - EXECUTION

	262813
	SECTION 26 28 13 - FUSES
	SECTION 26 28 13 - FUSES
	PART 2 - PRODUCTS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	PART 3 - EXECUTION
	Blank Page

	262816
	SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS
	SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS
	PART 2 - PRODUCTS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION
	PART 3 - EXECUTION
	Blank Page

	264113
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section includes lightning protection system for the following:
	A. Section includes lightning protection system for the following:
	1. Ordinary structures.
	1. Ordinary structures.


	1.2 ACTION SUBMITTALS
	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	A. Product Data: For each type of product.
	B. Shop Drawings:
	B. Shop Drawings:
	1. Include layouts of the lightning protection system, with details of the components to be used in the installation.
	1. Include layouts of the lightning protection system, with details of the components to be used in the installation.
	2. Include raceway locations needed for the installation of conductors.
	2. Include raceway locations needed for the installation of conductors.
	3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and terminations, including concealment requirements.
	3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and terminations, including concealment requirements.
	4. Calculations required by NFPA 780 for bonding of metal bodies.
	4. Calculations required by NFPA 780 for bonding of metal bodies.


	1.3 INFORMATIONAL SUBMITTALS
	1.3 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Lightning protection system Shop Drawings, drawn to scale, coordinated with each other, using input from installers of the items involved:
	A. Coordination Drawings: Lightning protection system Shop Drawings, drawn to scale, coordinated with each other, using input from installers of the items involved:
	B. Qualification Data: For Installer.
	B. Qualification Data: For Installer.
	C. Product certificates.
	C. Product certificates.
	D. Field quality-control reports.
	D. Field quality-control reports.

	1.4 CLOSEOUT SUBMITTALS
	1.4 CLOSEOUT SUBMITTALS
	A. Maintenance data.
	A. Maintenance data.
	B. Completion Certificate:
	B. Completion Certificate:
	1. UL Master Label Certificate.
	1. UL Master Label Certificate.


	1.5 QUALITY ASSURANCE
	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:  UL-listed installer, category OWAY.
	A. Installer Qualifications:  UL-listed installer, category OWAY.

	1.6 WARRANTY
	A. Provide one year standard warranty covering materials and workmanship.

	1.6 WARRANTY
	1.6 WARRANTY
	A. Provide one year standard warranty covering materials and workmanship.


	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Advanced Lightning Technology, Ltd.
	1. Advanced Lightning Technology, Ltd.
	2. East Coast Lightning Equipment Inc.
	2. East Coast Lightning Equipment Inc.
	3. ERICO; a brand of nVent.
	3. ERICO; a brand of nVent.
	4. Harger Lightning & Grounding.
	4. Harger Lightning & Grounding.
	5. Heary Bros. Lightning Protection Co. Inc.
	5. Heary Bros. Lightning Protection Co. Inc.
	6. Independent Protection Co.
	6. Independent Protection Co.
	7. National Lightning Protection.
	7. National Lightning Protection.
	8. Preferred Lightning Protection.
	8. Preferred Lightning Protection.
	9. Robbins Lightning, Inc.
	9. Robbins Lightning, Inc.
	10. Thompson Lightning Protection, Inc.
	10. Thompson Lightning Protection, Inc.


	2.2 PERFORMANCE REQUIREMENTS
	2.2 PERFORMANCE REQUIREMENTS
	A. NFPA Lightning Protection Standard: Comply with NFPA 780 requirements for Class I buildings.
	A. NFPA Lightning Protection Standard: Comply with NFPA 780 requirements for Class I buildings.
	B. UL Lightning Protection Standard: Comply with UL 96A requirements for Class I buildings.
	B. UL Lightning Protection Standard: Comply with UL 96A requirements for Class I buildings.
	C. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified testing agency as complying with UL 96, and marked for intended location and application.
	C. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified testing agency as complying with UL 96, and marked for intended location and application.

	2.3 MATERIALS
	2.3 MATERIALS
	A. Air Terminals:
	A. Air Terminals:
	1. Copper or Aluminum unless otherwise indicated.
	1. Copper or Aluminum unless otherwise indicated.
	2. 3/8-inch diameter by 12 inches long, MINIMUM.
	2. 3/8-inch diameter by 12 inches long, MINIMUM.
	3. Pointed tip.
	3. Pointed tip.
	4. Threaded base support.
	4. Threaded base support.

	B. Class 1 Main Conductors:
	B. Class 1 Main Conductors:
	1. Stranded Copper: 57,400 circular mils in diameter.
	1. Stranded Copper: 57,400 circular mils in diameter.
	2. Aluminum: 98,600 circular mils in diameter.
	2. Aluminum: 98,600 circular mils in diameter.

	C. Secondary Conductors:
	C. Secondary Conductors:
	1. Stranded Copper: 26,240 circular mils in diameter.
	1. Stranded Copper: 26,240 circular mils in diameter.
	2. Aluminum: 41,400 circular mils in diameter.
	2. Aluminum: 41,400 circular mils in diameter.

	D. Ground Rods:
	1. Material:  Copper-clad Steel .

	D. Ground Rods:
	D. Ground Rods:
	1. Material:  Copper-clad Steel .
	2. Diameter:  3/4 inch.
	2. Diameter:  3/4 inch.
	3. Rods shall be not less than 120 inches long.
	3. Rods shall be not less than 120 inches long.
	4. Sectional type, with integral threads.
	4. Sectional type, with integral threads.



	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 INSTALLATION
	3.1 INSTALLATION
	A. Install lightning protection components and systems according to UL 96A and NFPA 780.
	A. Install lightning protection components and systems according to UL 96A and NFPA 780.
	B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less than 90 degrees and 8 inches in radius and narrow loops.
	B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less than 90 degrees and 8 inches in radius and narrow loops.
	C. Conceal conductors within normal view from exterior locations at grade within 200 feet of building.
	C. Conceal conductors within normal view from exterior locations at grade within 200 feet of building.

	3.2 CONNECTIONS
	3.2 CONNECTIONS
	A. Aboveground concealed connections, and connections in earth or concrete, shall be done by exothermic welds or by high-compression fittings listed for the purpose.
	A. Aboveground concealed connections, and connections in earth or concrete, shall be done by exothermic welds or by high-compression fittings listed for the purpose.
	B. Aboveground exposed connections shall be done using the following types of connectors, listed and labeled for the purpose:  bolted connectors.
	B. Aboveground exposed connections shall be done using the following types of connectors, listed and labeled for the purpose:  bolted connectors.
	C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.
	C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.
	1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.


	3.3 FIELD QUALITY CONTROL
	3.3 FIELD QUALITY CONTROL
	A. Special Inspections:  Engage a qualified special inspector to perform the following special inspections:
	A. Special Inspections:  Engage a qualified special inspector to perform the following special inspections:
	1. Perform inspections as required to obtain a UL Master Label for system.
	1. Perform inspections as required to obtain a UL Master Label for system.
	2. Perform inspections to obtain an LPI certification.
	2. Perform inspections to obtain an LPI certification.

	B. Prepare test and inspection reports and certificates.
	B. Prepare test and inspection reports and certificates.
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	265619
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section Includes:
	A. Section Includes:
	1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp technology.
	1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp technology.
	2. Luminaire supports.
	2. Luminaire supports.
	3. Luminaire-mounted photoelectric relays.
	3. Luminaire-mounted photoelectric relays.

	B. Related Requirements:
	B. Related Requirements:
	1. Section 26 09 23 "Lighting Control Devices" for automatic control of lighting, including time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.
	1. Section 26 09 23 "Lighting Control Devices" for automatic control of lighting, including time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.


	1.2 DEFINITIONS
	1.2 DEFINITIONS
	A. CCT: Correlated color temperature.
	A. CCT: Correlated color temperature.
	B. CRI: Color rendering index.
	B. CRI: Color rendering index.
	C. Fixture: See "Luminaire."
	C. Fixture: See "Luminaire."
	D. IP: International Protection or Ingress Protection Rating.
	D. IP: International Protection or Ingress Protection Rating.
	E. Lumen: Measured output of lamp and luminaire, or both.
	E. Lumen: Measured output of lamp and luminaire, or both.
	F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.
	F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.3 ACTION SUBMITTALS
	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of luminaire.
	A. Product Data: For each type of luminaire.
	B. Shop Drawings: For nonstandard or custom luminaires.
	B. Shop Drawings: For nonstandard or custom luminaires.
	1. Include plans, elevations, sections, and mounting and attachment details.
	1. Include plans, elevations, sections, and mounting and attachment details.
	2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Include diagrams for power, signal, and control wiring.
	3. Include diagrams for power, signal, and control wiring.

	C. Delegated-Design Submittal: For luminaire supports.
	C. Delegated-Design Submittal: For luminaire supports.
	1. Include design calculations for luminaire supports.
	1. Include design calculations for luminaire supports.


	1.4 INFORMATIONAL SUBMITTALS
	1.4 INFORMATIONAL SUBMITTALS
	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plans, drawn to scale and coordinated.
	A. Coordination Drawings: Plans, drawn to scale and coordinated.
	B. Seismic Qualification Data: For luminaires, accessories, and components, from manufacturer.
	B. Seismic Qualification Data: For luminaires, accessories, and components, from manufacturer.
	C. Product Certificates: For each type of the following:
	C. Product Certificates: For each type of the following:
	1. Luminaire.
	1. Luminaire.
	2. Photoelectric relay.
	2. Photoelectric relay.

	D. Sample warranty.
	D. Sample warranty.

	1.5 CLOSEOUT SUBMITTALS
	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.
	A. Operation and maintenance data.
	1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes.
	1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes.
	2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes.
	2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes.


	1.6 FIELD CONDITIONS
	1.6 FIELD CONDITIONS
	A. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation.
	A. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation.

	1.7 WARRANTY
	1.7 WARRANTY
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  5 year(s) from date of Substantial Completion.
	1. Warranty Period:  5 year(s) from date of Substantial Completion.



	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 LUMINAIRE REQUIREMENTS
	2.1 LUMINAIRE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of hazard by an NRTL.
	B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of hazard by an NRTL.
	C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by FM Global.
	C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by FM Global.
	D. UL Compliance: Comply with UL 1598 and listed for wet location.
	D. UL Compliance: Comply with UL 1598 and listed for wet location.
	E. CRI of minimum 70. CCT of 4100 K.
	E. CRI of minimum 70. CCT of 4100 K.
	F. L70 lamp life of 50,000 hours.
	G. Lamps dimmable from 100 percent to 0 percent of maximum light output.
	F. L70 lamp life of 50,000 hours.
	F. L70 lamp life of 50,000 hours.
	G. Lamps dimmable from 100 percent to 0 percent of maximum light output.
	H. Nominal Operating Voltage:  277 V ac.
	H. Nominal Operating Voltage:  277 V ac.
	I. Source Limitations:
	I. Source Limitations:
	1. Obtain luminaires from single source from a single manufacturer.
	1. Obtain luminaires from single source from a single manufacturer.
	2. For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single source with resources to provide products of consistent quality in appearance and physical properties.
	2. For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single source with resources to provide products of consistent quality in appearance and physical properties.


	2.2 MATERIALS
	2.2 MATERIALS
	A. Metal Parts: Free of burrs and sharp corners and edges.
	A. Metal Parts: Free of burrs and sharp corners and edges.
	B. Sheet Metal Components:  Corrosion-resistant aluminum. Form and support to prevent warping and sagging.
	B. Sheet Metal Components:  Corrosion-resistant aluminum. Form and support to prevent warping and sagging.
	C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from fal...
	C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from fal...
	D. Diffusers and Globes:
	D. Diffusers and Globes:
	1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
	1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
	2. Glass: Annealed crystal glass unless otherwise indicated.
	2. Glass: Annealed crystal glass unless otherwise indicated.
	3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.
	3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.

	E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and refractors in luminaire doors.
	E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and refractors in luminaire doors.
	F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:
	F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:
	1. White Surfaces: 85 percent.
	1. White Surfaces: 85 percent.
	2. Specular Surfaces: 83 percent.
	2. Specular Surfaces: 83 percent.
	3. Diffusing Specular Surfaces: 75 percent.
	3. Diffusing Specular Surfaces: 75 percent.

	G. Housings:
	G. Housings:
	1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in use.
	1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in use.
	2. Provide filter/breather for enclosed luminaires.
	2. Provide filter/breather for enclosed luminaires.


	2.3 FINISHES
	A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in appearance of adjoining components are acceptable if they are within the range of approved Samples and are assembled or installed to minimize contrast.
	B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested luminaire before shipping. Where indicated, match finish process and color of pole or support materials.

	2.3 FINISHES
	2.3 FINISHES
	A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in appearance of adjoining components are acceptable if they are within the range of approved Samples and are assembled or installed to minimize contrast.
	B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested luminaire before shipping. Where indicated, match finish process and color of pole or support materials.
	C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	1. Finish designations prefixed by AA comply with the system established by the Aluminum Association for designating aluminum finishes.
	1. Finish designations prefixed by AA comply with the system established by the Aluminum Association for designating aluminum finishes.
	2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff complying with AA-M20 requirements; and seal aluminum surfaces with clear, hard-coat wax.
	2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff complying with AA-M20 requirements; and seal aluminum surfaces with clear, hard-coat wax.
	3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium satin; Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, clear coating 0.018 mm or thicker) complying with AAMA 611.
	3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium satin; Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, clear coating 0.018 mm or thicker) complying with AAMA 611.
	4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, integrally colored or electrolytically deposited color coating 0.018 mm or thicker), comp...
	4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, integrally colored or electrolytically deposited color coating 0.018 mm or thicker), comp...

	D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if present, from u...
	1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if present, from u...
	2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of primer and two finish coats of high-gloss, high-build polyurethane enamel.
	2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of primer and two finish coats of high-gloss, high-build polyurethane enamel.
	a. Color:
	a. Color:
	1) As selected from manufacturer's standard catalog of colors.
	1) As selected from manufacturer's standard catalog of colors.
	2) Match Architect's sample of manufacturer's standard color.
	2) Match Architect's sample of manufacturer's standard color.
	3) As selected by Architect from manufacturer's full range.
	3) As selected by Architect from manufacturer's full range.




	2.4 LUMINAIRE SUPPORT COMPONENTS
	2.4 LUMINAIRE SUPPORT COMPONENTS
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.


	PART 3 -  EXECUTION
	3.1 GENERAL INSTALLATION REQUIREMENTS
	A. Comply with NECA 1.


	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 GENERAL INSTALLATION REQUIREMENTS
	A. Comply with NECA 1.
	B. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by manufacturer.
	B. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by manufacturer.
	C. Install lamps in each luminaire.
	C. Install lamps in each luminaire.
	D. Fasten luminaire to structural support.
	D. Fasten luminaire to structural support.
	E. Supports:
	E. Supports:
	1. Sized and rated for luminaire weight.
	1. Sized and rated for luminaire weight.
	2. Able to maintain luminaire position after cleaning and relamping.
	2. Able to maintain luminaire position after cleaning and relamping.
	3. Support luminaires without causing deflection of finished surface.
	3. Support luminaires without causing deflection of finished surface.
	4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 percent of luminaire weight and a vertical force of 400 percent of luminaire weight.
	4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 percent of luminaire weight and a vertical force of 400 percent of luminaire weight.

	F. Wall-Mounted Luminaire Support:
	F. Wall-Mounted Luminaire Support:
	1. Attached to structural members in walls.
	1. Attached to structural members in walls.

	G. Wiring Method: Install cables in raceways. Conceal raceways and cables.
	G. Wiring Method: Install cables in raceways. Conceal raceways and cables.
	H. Install luminaires level, plumb, and square with finished grade unless otherwise indicated.
	H. Install luminaires level, plumb, and square with finished grade unless otherwise indicated.
	I. Coordinate layout and installation of luminaires with other construction.
	I. Coordinate layout and installation of luminaires with other construction.
	J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric device to prevent false operation of relay by artificial light sources, favoring a north orientation.
	J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric device to prevent false operation of relay by artificial light sources, favoring a north orientation.
	K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods.
	K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods.

	3.2 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES
	3.2 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES
	A. Aim as indicated on Drawings.
	A. Aim as indicated on Drawings.
	B. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in Section 033000 "C...
	B. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in Section 033000 "C...

	3.3 CORROSION PREVENTION
	3.3 CORROSION PREVENTION
	A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar metal, protect aluminum by insulating fittings or treatment.
	A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar metal, protect aluminum by insulating fittings or treatment.
	B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In concrete foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied with a 50 percent overlap.
	B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In concrete foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied with a 50 percent overlap.
	B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In concrete foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied with a 50 percent overlap.

	3.4 IDENTIFICATION
	3.4 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.5 FIELD QUALITY CONTROL
	3.5 FIELD QUALITY CONTROL
	A. Inspect each installed luminaire for damage. Replace damaged luminaires and components.
	A. Inspect each installed luminaire for damage. Replace damaged luminaires and components.
	B. Perform the following tests and inspections:
	B. Perform the following tests and inspections:
	1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has been energized, test units to confirm proper operation.
	1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has been energized, test units to confirm proper operation.
	2. Verify operation of photoelectric controls.
	2. Verify operation of photoelectric controls.

	C. Illumination Tests:
	C. Illumination Tests:
	1. Measure light intensities at night. Use photometers with calibration referenced to NIST standards. Comply with the following IES testing guide(s):
	1. Measure light intensities at night. Use photometers with calibration referenced to NIST standards. Comply with the following IES testing guide(s):
	a. IES LM-5.
	a. IES LM-5.
	b. IES LM-50.
	b. IES LM-50.
	c. IES LM-52.
	c. IES LM-52.
	d. IES LM-64.
	d. IES LM-64.
	e. IES LM-72.
	e. IES LM-72.

	2. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has been energized, test units to confirm proper operation.
	2. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has been energized, test units to confirm proper operation.

	D. Luminaire will be considered defective if it does not pass tests and inspections.
	D. Luminaire will be considered defective if it does not pass tests and inspections.
	E. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance with standards.
	E. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance with standards.

	3.6 DEMONSTRATION
	3.6 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaires.
	A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaires.
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	271533 - Communications Coaxial Horizontal Cabling
	PART 1 -  GENERAL
	PART 1 -  GENERAL
	1.1 SUMMARY
	1.1 SUMMARY
	A. Section Includes:
	A. Section Includes:
	1. Communications coaxial cable.
	1. Communications coaxial cable.
	2. CATV coaxial cable.
	2. CATV coaxial cable.
	3. Coaxial cable hardware.
	3. Coaxial cable hardware.
	4. Grounding.
	4. Grounding.
	5. Identification products.
	5. Identification products.


	1.2 ACTION SUBMITTALS
	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	A. Product Data: For each type of product.
	B. Shop Drawings:
	B. Shop Drawings:
	1. System Labeling Schedules: Electronic copy of labeling schedules, in software and format selected by Owner.
	1. System Labeling Schedules: Electronic copy of labeling schedules, in software and format selected by Owner.
	2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the cabling and asset identification system of the software.
	2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the cabling and asset identification system of the software.
	3. Cabling administration drawings and printouts.
	3. Cabling administration drawings and printouts.


	1.3 INFORMATIONAL SUBMITTALS
	1.3 INFORMATIONAL SUBMITTALS
	A. Source quality-control reports.
	A. Source quality-control reports.
	B. Field quality-control reports.
	B. Field quality-control reports.
	C. Maintenance Data: For splices and connectors to include in maintenance manuals.
	C. Maintenance Data: For splices and connectors to include in maintenance manuals.

	1.4 CLOSEOUT SUBMITTALS
	1.4 CLOSEOUT SUBMITTALS
	A. Software and Firmware Operational Documentation.
	A. Software and Firmware Operational Documentation.
	B. Maintenance Data: For coaxial cable, splices, and connectors to include in maintenance manuals.
	B. Maintenance Data: For coaxial cable, splices, and connectors to include in maintenance manuals.

	1.5 COORDINATION
	1.5 COORDINATION
	A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's telecommunications and LAN equipment and service suppliers.
	A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's telecommunications and LAN equipment and service suppliers.

	1.6 WARRANTY
	A. Provide manufacturer’s standard warranty for each product type.

	1.6 WARRANTY
	1.6 WARRANTY
	A. Provide manufacturer’s standard warranty for each product type.


	PART 2 -  PRODUCTS
	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	2.1 PERFORMANCE REQUIREMENTS
	A. General Performance: Horizontal cabling system shall comply with transmission standards in TIA-568-C.1, when tested according to test procedures of this standard, and the requirements of TIA-568-C.4.
	A. General Performance: Horizontal cabling system shall comply with transmission standards in TIA-568-C.1, when tested according to test procedures of this standard, and the requirements of TIA-568-C.4.
	B. Telecommunications Pathways and Spaces: Comply with TIA-569-D.
	B. Telecommunications Pathways and Spaces: Comply with TIA-569-D.
	C. Grounding: Comply with TIA-607-B.
	C. Grounding: Comply with TIA-607-B.

	2.2 GENERAL CABLE CHARACTERISTICS
	2.2 GENERAL CABLE CHARACTERISTICS
	A. Communications Cable: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with the applicable standard and NFPA 70 for the following types:
	A. Communications Cable: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with the applicable standard and NFPA 70 for the following types:
	1. Communications, Plenum Rated: Type CMP complying with UL 1685 or Type CMP in listed plenum communications raceway.
	1. Communications, Plenum Rated: Type CMP complying with UL 1685 or Type CMP in listed plenum communications raceway.

	B. CATV Cable: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with the applicable standard and NFPA 70 for the following types:
	B. CATV Cable: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with the applicable standard and NFPA 70 for the following types:
	1. CATV Plenum Rated: Type CATVP installed in riser raceways or cable routing assemblies, complying with NFPA 262.
	1. CATV Plenum Rated: Type CATVP installed in riser raceways or cable routing assemblies, complying with NFPA 262.


	2.3 COMMUNICATIONS COAXIAL CABLE
	2.3 COMMUNICATIONS COAXIAL CABLE
	A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for broadband data transmission.
	A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for broadband data transmission.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Alpha Wire.
	1. Alpha Wire.
	2. Belden CDT Networking Division/NORDX.
	2. Belden CDT Networking Division/NORDX.
	3. Coleman Cable, Inc.
	3. Coleman Cable, Inc.
	4. CommScope, Inc.
	4. CommScope, Inc.
	5. Draka USA.
	5. Draka USA.

	C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 444, UL 13, and with NFPA 70, "Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits" and "Commun...
	C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 444, UL 13, and with NFPA 70, "Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits" and "Commun...
	1. RG-6/U: UL Type CMP.
	a. No.  16 AWG, solid, copper-covered steel conductor.

	1. RG-6/U: UL Type CMP.
	1. RG-6/U: UL Type CMP.
	a. No.  16 AWG, solid, copper-covered steel conductor.
	b. Plenum rated.
	b. Plenum rated.
	c. Gas-injected, foam-PE insulation.
	c. Gas-injected, foam-PE insulation.
	d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid.
	d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid.
	e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum braided inner shield, and 40 percent aluminum braided outer shield.
	e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum braided inner shield, and 40 percent aluminum braided outer shield.
	f. Jacketed with black PVC or PE.
	f. Jacketed with black PVC or PE.
	g. Suitable for indoor installations.
	g. Suitable for indoor installations.



	2.4 CATV COAXIAL CABLE
	2.4 CATV COAXIAL CABLE
	A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for CATV transmission.
	A. Description: Coaxial cable with a 75-ohm characteristic impedance designed for CATV transmission.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Alpha Wire.
	1. Alpha Wire.
	2. Belden CDT Networking Division/NORDX.
	2. Belden CDT Networking Division/NORDX.
	3. Coleman Cable, Inc.
	3. Coleman Cable, Inc.
	4. CommScope, Inc.
	4. CommScope, Inc.
	5. Draka USA.
	5. Draka USA.

	C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1655 and with NFPA 70, "Community Antenna Television and Radio Distribution Systems" Article. Types are as follows:
	C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1655 and with NFPA 70, "Community Antenna Television and Radio Distribution Systems" Article. Types are as follows:
	1. RG-6/U: UL Type CATVP.
	1. RG-6/U: UL Type CATVP.
	a. No. 18 AWG, solid, copper-covered steel conductor.
	a. No. 18 AWG, solid, copper-covered steel conductor.
	b. Plenum rated.
	b. Plenum rated.
	c. Gas-injected, foam-PE insulation.
	c. Gas-injected, foam-PE insulation.
	d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid.
	d. Shielded with 100 percent aluminum tape and 40 percent aluminum braid.
	e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum braided inner shield, and 40 percent aluminum braided outer shield.
	e. Double shielded with 100 percent aluminum foil shield, 60 percent aluminum braided inner shield, and 40 percent aluminum braided outer shield.
	f. Jacketed with black PVC or PE.
	f. Jacketed with black PVC or PE.
	g. Suitable for indoor installations.
	g. Suitable for indoor installations.



	2.5 COAXIAL CABLE HARDWARE
	2.5 COAXIAL CABLE HARDWARE
	A. Description: Hardware designed to connect, splice, and terminate coaxial cable with a 75-ohm characteristic impedance.
	A. Description: Hardware designed to connect, splice, and terminate coaxial cable with a 75-ohm characteristic impedance.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Emerson Network Power Connectivity Solutions.
	1. Emerson Network Power Connectivity Solutions.
	2. Leviton Manufacturing Co., Inc.
	2. Leviton Manufacturing Co., Inc.
	3. Siemon Co. (The).
	3. Siemon Co. (The).

	C. Coaxial-Cable Connectors: Type BNC, 75 ohms.
	D. Jacks and Jack Assemblies: Modular, color-coded, with female Type BNC connectors.
	C. Coaxial-Cable Connectors: Type BNC, 75 ohms.
	C. Coaxial-Cable Connectors: Type BNC, 75 ohms.
	D. Jacks and Jack Assemblies: Modular, color-coded, with female Type BNC connectors.
	E. Patch Cords: Factory-made cables in 36” lengths; terminated with a male Type BNC connector at each end.
	E. Patch Cords: Factory-made cables in 36” lengths; terminated with a male Type BNC connector at each end.
	F. Faceplates:
	F. Faceplates:
	1. Metal Faceplate:  Stainless steel, complying with requirements in Section 262726 "Wiring Devices."
	1. Metal Faceplate:  Stainless steel, complying with requirements in Section 262726 "Wiring Devices."
	2. For use with snap-in jacks accommodating any combination of twisted pair, optical-fiber, and coaxial work area cords.
	2. For use with snap-in jacks accommodating any combination of twisted pair, optical-fiber, and coaxial work area cords.
	a. Flush-mounted jacks, positioning the cord at a 90-degree angle from faceplate surface.
	a. Flush-mounted jacks, positioning the cord at a 90-degree angle from faceplate surface.

	3. Legend:
	3. Legend:
	a. Factory labeled by silk-screening or engraving for stainless steel faceplates.
	a. Factory labeled by silk-screening or engraving for stainless steel faceplates.
	b. Machine printed, in the field, using adhesive-tape label.
	b. Machine printed, in the field, using adhesive-tape label.
	c. Snap-in, clear-label covers and machine-printed paper inserts.
	c. Snap-in, clear-label covers and machine-printed paper inserts.



	2.6 GROUNDING
	2.6 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	B. Comply with TIA-607-B.
	B. Comply with TIA-607-B.


	PART 3 -  EXECUTION
	PART 3 -  EXECUTION
	3.1 ENTRANCE FACILITIES
	3.1 ENTRANCE FACILITIES
	A. Coordinate horizontal cabling with the protectors and demarcation point provided by communications service provider.
	A. Coordinate horizontal cabling with the protectors and demarcation point provided by communications service provider.

	3.2 INSTALLATION OF COAXIAL HORIZONTAL CABLES
	3.2 INSTALLATION OF COAXIAL HORIZONTAL CABLES
	A. Comply with NECA 1 and NECA/BICSI 568.
	A. Comply with NECA 1 and NECA/BICSI 568.
	B. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, desks, and counters and except in accessible ceiling spaces, in attics, and in gypsum board partitions where unenclosed wiring method may be used. Conceal r...
	B. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, desks, and counters and except in accessible ceiling spaces, in attics, and in gypsum board partitions where unenclosed wiring method may be used. Conceal r...
	1. Install plenum cable in environmental air spaces, including plenum ceilings.
	1. Install plenum cable in environmental air spaces, including plenum ceilings.
	2. Comply with requirements for raceways and boxes specified in Section 270528 "Pathways for Communications Systems."
	2. Comply with requirements for raceways and boxes specified in Section 270528 "Pathways for Communications Systems."

	C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and distribution spools.
	C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and distribution spools.
	C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and distribution spools.
	D. General Requirements for Cabling:
	D. General Requirements for Cabling:
	1. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Section.
	1. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Section.
	2. Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, and patch panels.
	2. Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, and patch panels.
	3. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	3. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	4. Install lacing bars to restrain cables, to prevent straining connections, and to prevent bending cables to smaller radii than minimums recommended by manufacturer.
	4. Install lacing bars to restrain cables, to prevent straining connections, and to prevent bending cables to smaller radii than minimums recommended by manufacturer.
	5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Sectio...
	5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Sectio...
	6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.
	6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.
	7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps shall not be used for heating.
	7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps shall not be used for heating.
	8. In the communications equipment room, install a 10-foot-long service loop on each end of cable.
	8. In the communications equipment room, install a 10-foot-long service loop on each end of cable.
	9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Pulling Cable" Section. Monitor cable pull tensions.
	9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Pulling Cable" Section. Monitor cable pull tensions.

	E. Open-Cable Installation:
	E. Open-Cable Installation:
	1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	2. Suspend coaxial cable not in a wireway or pathway a minimum of 8 inches above ceilings by cable supports not more than 60 inches apart.
	2. Suspend coaxial cable not in a wireway or pathway a minimum of 8 inches above ceilings by cable supports not more than 60 inches apart.
	3. Cable shall not be run through structural members or in contact with pipes, ducts, or other potentially damaging items.
	3. Cable shall not be run through structural members or in contact with pipes, ducts, or other potentially damaging items.

	F. Group connecting hardware for cables into separate logical fields.
	F. Group connecting hardware for cables into separate logical fields.
	G. Separation from EMI Sources:
	G. Separation from EMI Sources:
	1. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:
	1. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:
	a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches.
	a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 12 inches.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 12 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches.

	2. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:
	2. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:
	a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches.
	a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 6 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches.

	3. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 6 inches.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 6 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches.

	3. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:
	a. Electrical Equipment Rating Less Than 2 kVA: No requirement.
	a. Electrical Equipment Rating Less Than 2 kVA: No requirement.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 3 inches.
	b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 3 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches.
	c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches.

	4. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger: A minimum of 48 inches.
	4. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger: A minimum of 48 inches.
	5. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inches.
	5. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inches.


	3.3 FIRESTOPPING
	3.3 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-C, Annex A, "Firestopping."
	B. Comply with TIA-569-C, Annex A, "Firestopping."
	C. Comply with BICSI TDMM, "Firestopping Systems" Article.
	C. Comply with BICSI TDMM, "Firestopping Systems" Article.

	3.4 GROUNDING
	3.4 GROUNDING
	A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter.
	A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter.
	B. Comply with TIA-607-B and NECA/BICSI-607.
	B. Comply with TIA-607-B and NECA/BICSI-607.
	C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding b...
	C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding b...
	D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment grounding conductor.
	D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment grounding conductor.

	3.5 IDENTIFICATION
	3.5 IDENTIFICATION
	A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List incoming and outgoing cables and their designations, origins, and destinations. Protect with rigid frame and clear plastic cover. Furnish an electronic c...
	B. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List incoming and outgoing cables and their designations, origins, and destinations. Protect with rigid frame and clear plastic cover. Furnish an electronic c...
	C. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify labeling convention and show labels for telecommunications closets, horizontal pathways and cables, terminal hardware and positions, hor...
	C. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify labeling convention and show labels for telecommunications closets, horizontal pathways and cables, terminal hardware and positions, hor...
	C. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify labeling convention and show labels for telecommunications closets, horizontal pathways and cables, terminal hardware and positions, hor...
	D. Cable and Wire Identification:
	D. Cable and Wire Identification:
	1. Label each cable within 4 inches of each termination and tap, where it is accessible in a cabinet or junction or outlet box, and elsewhere as indicated.
	1. Label each cable within 4 inches of each termination and tap, where it is accessible in a cabinet or junction or outlet box, and elsewhere as indicated.
	2. Each wire connected to building-mounted devices is not required to be numbered at device if color of wire is consistent with associated wire connected and numbered within panel or cabinet.
	2. Each wire connected to building-mounted devices is not required to be numbered at device if color of wire is consistent with associated wire connected and numbered within panel or cabinet.
	3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at intervals not exceeding 15 feet.
	3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at intervals not exceeding 15 feet.
	4. Label each terminal strip and screw terminal in each cabinet, rack, or panel.
	4. Label each terminal strip and screw terminal in each cabinet, rack, or panel.
	a. Individually number wiring conductors connected to terminal strips and identify each cable or wiring group being extended from a panel or cabinet to a building-mounted device with name and number of particular device as shown.
	a. Individually number wiring conductors connected to terminal strips and identify each cable or wiring group being extended from a panel or cabinet to a building-mounted device with name and number of particular device as shown.
	b. Label each unit and field within distribution racks and frames.
	b. Label each unit and field within distribution racks and frames.

	5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label each connector and each discrete unit of cable-terminating and connecting hardware. Where similar jacks and plugs are used for both voice and data communications ca...
	5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label each connector and each discrete unit of cable-terminating and connecting hardware. Where similar jacks and plugs are used for both voice and data communications ca...

	E. Labels shall be preprinted or computer-printed type with printing area and font color that contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the following:
	E. Labels shall be preprinted or computer-printed type with printing area and font color that contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the following:
	1. Cables use flexible vinyl or polyester that flexes as cables are bent.
	1. Cables use flexible vinyl or polyester that flexes as cables are bent.


	3.6 FIELD QUALITY CONTROL
	3.6 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections.
	A. Perform the following tests and inspections.
	B. Tests and Inspections:
	B. Tests and Inspections:
	1. Visually inspect coaxial jacket materials for NRTL certification markings.
	1. Visually inspect coaxial jacket materials for NRTL certification markings.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Test coaxial horizontal copper cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination.
	3. Test coaxial horizontal copper cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination.

	C. Data for each measurement shall be documented. Data for submittals shall be printed in a summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the computer, saved as text files, and printed and ...
	C. Data for each measurement shall be documented. Data for submittals shall be printed in a summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the computer, saved as text files, and printed and ...
	D. Remove and replace cabling where test results indicate that they do not comply with specified requirements.
	D. Remove and replace cabling where test results indicate that they do not comply with specified requirements.
	E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.
	E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.
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