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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 
 
 
SECTION 21 13 00 - BUILDING SPRINKLER SYSTEMS 

1 GENERAL 
 
1.1 Drawings and General provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Requirements and Basic Mechanical   Materials and 

Methods sections apply to work of this section. 
 
1.3 Extent of fire protection work is indicated on drawings and schedules, and by 

requirements of this section. 
 
1.4 Refer to Division-2 sections for site fire protection piping and appurtenances; not work 

of this section. 
 
1.5 Refer to other Division-21 sections for site fire protection piping and appurtenances; 

not work of this section. 
 
1.6 Refer to Division-9 sections for painting of fire protection piping; not work of this 

section. 
 
1.7 Refer to Division-26 sections for the following work; not work of this section. 

 
1.7.1 Fire alarm connections for all flow switches, pressure switches, and supervisory 

(tamper) switches. 
 
1.8 Codes and Standards:  
 
1.8.1 NFPA Compliance:  Install fire protection systems in accordance with NFPA 13 

"Standard for the Installation of Sprinkler Systems"  
 
1.8.2 UL Compliance:  Provide fire protection products in accordance with UL standards; 

provide UL label on each product. 
 
1.8.3 Fire Department/Marshal Compliance:  Install fire protection systems in accordance 

with local regulations of fire department or fire marshal. 
 
1.8.4 Screw Thread Connections:  Comply with local Fire Department/Fire Marshal 

regulations for sizes, threading and arrangement of connections for fire department 
equipment to sprinkler systems. 

  
1.9  Experience:  Contractor shall have a minimum of ten years continuous experience 
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under their current operating name and license number. 
 
1.9.1 Home Office:  The home office for the contractor shall be located within 125 miles of 

the project site.   
 
1.10         Approval Submittals: 
 
1.10.1 Product Data:  Submit manufacturer's technical product data and installation 

instructions for:  
 

Pipe and fittings 
Basic pipe supports and hangers 
Basic valves 
Special valves 
Pressure gauges 
Automatic sprinklers 
Cabinets 

 
1.10.2 Working (Shop) Drawings:  Prepare working (shop) drawings of fire protection 

systems indicating pipe sizes, pipe locations, pipe elevations, fittings, shutoffs, 
hangers, equipment, and coordination with other building systems.  Submittal shall 
show all requirements per NFPA-13.        

 
1.11  Test Reports and Verification Submittals: 
 
1.11.1 Certificate:  Submit certificate of Aboveground Installation upon completion of fire 

protection piping work which indicates that work has been tested in accordance with 
NFPA 13   and that system is operational, complete, and has no defects.   

 
1.11.2 Tag:  Submit a copy of the sprinkler system tag.  The installing fire sprinkler 

contractor shall be licensed in accordance with State Fire Marshal (SFM) Rule 4A-46.  
At the conclusion of the project and prior to the final inspection by the SFM the 
Contractor shall tag the fire sprinkler system in accordance with 4A-46.041.    

 
1.12 O&M Data Submittals: 
 
1.12.1 Record Drawings:  At project closeout, submit record drawings of installed fire 

protection piping and products. 
 
1.12.2 Maintenance Data:  Submit a copy of all approval submittals.  Submit maintenance 

data and parts lists for basic valves and special valves.  Include these data in O&M 
manual. 

 
1.12.3 NFPA 25:  Provide a copy of NFPA 25 in each O&M Manual.  
 
2 PRODUCTS 
 
2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, 

types, pressure ratings, temperature ratings, and capacities as indicated.  Where not 
indicated, provide proper selection as determined by Installer to comply with 
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installation requirements.  Provide sizes and types matching piping and equipment 
connections; provide fittings of materials which match pipe materials used in fire 
protection systems.  Where more than one type of material or products are indicated, 
selection is Installer's option. 

 
2.2 Basic Identification:  Provide identification complying with Division-23 Basic 

Mechanical Materials and Methods section "Mechanical Identification", in accordance 
with the following listing: 

 
Fire Protection Piping:  Plastic pipe markers.  Fire piping exposed in mechanical and 
electrical rooms shall be painted red. 

 
Fire Protection Valves:  Plastic or brass valve tags 

 
        Fire Protection Signs:  Provide the following signs: 
 
         At each sprinkler valve, sign indicating what portion of system valve controls and 

hydraulic design data. 
 

At each auxiliary drain, a sign indicating location. 
 
2.3 Basic Pipes and Pipe Fittings:  Provide pipes and pipe fittings complying with 

Division-23 Basic Mechanical Materials and Methods section "Pipes and Pipe 
Fittings", in accordance with the following listing.  Where multiple listings are made 
for a particular type system, the material is the Installer’s option. 

 
2.4 Wet Pipe:   Black steel pipe; Schedule 40 for less than 8"; Schedule 30 for 8" and 

larger.  Fittings and joints shall be as follows. 
 
1  Class 125, cast-iron threaded fittings with threaded joints. 
2 Mechanical grooved pipe coupling and fittings; cut-groove type with mechanical 

joints. 
3 Wrought steel buttwelding fittings with welded joints. 

 
2.4.1 Wet Pipe:  Black steel pipe; Schedule 10 for 5" and smaller; 0.134" wall thickness for 

6"; and 0.188" wall thickness for 8" and 10".   
 

1 Class 125, cast-iron threaded fittings with threaded joints, sizes 2½" and larger. 
2 Mechanical grooved pipe couplings and fittings; roll-groove or mechanical 

locking type with mechanical joints. 
3 Wrought steel buttwelding fittings with welded joints. 

 
2.5 Basic Piping Specialties:  Provide piping specialties complying with Division-23 Basic 

Mechanical Materials and Methods section "Piping Specialties". 
 
2.6 Basic Supports and Anchors:  Provide supports and anchors complying with Division-

23 Basic Mechanical Materials and Methods section "Supports and Anchors", in 
accordance with the following listing: 

 
Adjustable steel clevis hangers or adjustable steel band hangers for horizontal-piping 
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hangers and supports. 
 
         Two-bolt riser clamps for vertical piping supports. 
 

Steel turnbuckles and malleable iron sockets for hanger-rod attachments. 
 

Concrete inserts, top-beam C-clamps, side beam or channel clamps or center beam 
clamps for building attachments. 

 
2.7 Basic Valves:  Provide interior valves complying with Division-23 Basic Mechanical 

Materials and Methods section "Valves", in accordance with the following listing: 
 
2.7.1 Standard Service Code-Required OS&Y Valves:  GA-6, GA-7. 
 
2.7.2 Standard Service Sectional Valves:  GA-6, GA-7.  BF-6, BF-7. 
 
2.7.3 Standard Service Indicating Valves:  GA-6, GA-7, BA-6. 
 
2.7.4 Standard Service Trim Valves:  GA-6, BA-4. 
 
2.7.5 Standard Service Check Valves:  CK-4, CK-5. 
 
2.8 Special Valves: 
 
2.8.1 General:  Provide valves, UL listed, in accordance with the following listing.  Provide 

sizes and types which mate and match piping and equipment connections. 
 
2.8.2 Alarm Check Valve:  Provide cast-iron water flow alarm check valve, 175 psi working 

pressure, with retard chamber. 
 
2.8.3 Hose Outlet Valves:  Provide angle hose valves, 2-1/2" size where not otherwise 

indicated.  Provide chrome plated with escutcheons where mounted in cabinet.  
Provide chain and cap. 

 
2.8.4 Ball Drip Check Valve:  Provide fire department connection iron swing check valve, 

175 psi rated working pressure, of size and end type indicated, with ball drip. 
 
2.9 Basic Meters and Gauges:  Provide meters and gauges complying with Division-23 

Basic Mechanical Materials and Methods section "Meters and Gauges", in accordance 
with the following listing: 

 
2.9.1 Pressure gauges, 0-250 psi range. 
 
2.10 Fire Protection Specialties:  Provide fire protection specialties, UL listed, in 

accordance with the following listing.  Provide sizes and types which mate and match 
piping and equipment connections. 

 
2.10.1 Water Flow Indicators:  Provide vane type water flow switches, with adjustable retard. 
 
2.10.2 Supervisory Switches:  Provide products recommended by manufacturer for use in 
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service indicated. 
 
2.10.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide fire 

protection specialties of one of the following: 
 

Grinnell Fire Protection Systems Co., Inc. 
         Grunau Sprinkler Mfr. Co., Inc. 

Guardian Fire Equipment, Inc. 
        Potter Roemer, Inc. 
 Reliable 
         Viking Corporation 
 
2.11 Automatic Sprinklers:  Provide automatic sprinklers and escutcheons of type indicated 

on drawings, and in accordance with the following listing. Provide quick response type 
automatic sprinklers.  Provide fusible links for 165°F unless otherwise indicated. 

 
2.11.1 Sprinkler Types 
 

Upright. 
Pendant. 
Concealed pendent. 
Extended Coverage Pendent-20x20 Maximum Coverage Area (Classrooms Only) 
Horizontal sidewall. 

 
2.11.2 Finish:  White for concealed  heads in occupied areas.    Chrome-     plated for pendant 

heads in exposed occupied areas. Cast brass for unoccupied areas. 
 
2.11.3 Sprinkler Cabinet and Wrench:  Furnish steel, baked red enameled, sprinkler box with 

capacity to store 10 sprinklers and wrench sized to sprinklers.  
 
2.11.4 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

automatic sprinklers of one of the following: 
 

Central Sprinkler Corp.   
Grinnell Fire Protection Systems Co., Inc.   
Star Sprinkler Mfg. Co. Inc.   

 Reliable 
Viking Corp.   
Tyco 

 
3 EXECUTION 
 
3.1 General:  Examine areas and conditions under which fire protection materials and 

products are to be installed.  Do not proceed with work until unsatisfactory conditions 
have been corrected in manner acceptable to Installer.  Any installation, modification, 
or alteration of the sprinkler system shall be performed only by a person under a 
certificate of competency issued by the State Fire Marshal. 

 
3.2 Installation of Basic Identification:  Install mechanical identification in accordance 

with Division-23 Basic Mechanical Materials and Methods section "Mechanical 
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Identification."  Install fire protection signs on piping in accordance with NFPA 13   
requirements.  Continuously paint exposed fire piping red in mechanical and electrical 
rooms.   

 
3.3 Installation of Pipes and Pipe Fittings: 
 
3.3.1 General:  Install pipes and pipe fittings in accordance with Division-23 Basic 

Mechanical Materials and Methods section "Pipes and Pipe Fittings." 
 

3.3.2 Comply with requirements of NFPA 13  for installation of fire protection piping 
materials.  Install piping products where indicated, in accordance with manufacturer's 
written instructions, and in accordance with recognized industry practices to ensure 
that piping systems comply with requirements and serve intended purposes. 

 
3.3.3 Coordinate with other work as necessary to interface components of fire protection 

piping properly with other work. 
 

3.3.4 Install drain piping at low points of piping system.  Provide dry drum drips where 
indicated. 

 
3.3.5 Install sectional valves in inlet piping, at bottom of each riser, and in loops as 

indicated. 
 

3.3.6 Install fire department connection valves in piping where fire department connections 
are     indicated.  

 
3.3.7 Install water flow indicators where indicated. 

 
3.3.8 Mount supervisory switches on each sectional valve. 

 
3.3.9 Install manual shutoff at each audible alarm station. 

 
3.3.10 Install valved hose connections of sizes indicated, or ¾" size if not otherwise indicated, 

on sprinkler at ends of branch lines and cross mains and at locations where indicated.  
The intent is to meet the requirements of NFPA 13 and to achieve a fully drainable 
system. 

 
3.3.13 Install Inspector's test connection where indicated, or at most remote point from riser. 

 
3.4 Installation of Piping Specialties:  Install piping specialties in accordance with 

Division-23 Basic Mechanical Materials and Methods section "Piping Specialties." 
 
3.5 Installation of Supports and Anchors:  Install supports and anchors, in accordance with 

Division-23 Basic Mechanical Materials and Methods section, "Supports and 
Anchors." 

 
3.6 Installation of Valves:  Install valves in accordance with Division-23 Basic Materials 

and Methods section "Valves."  Provide valves to isolate each riser and elsewhere as 
required by     NFPA 13  . 
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3.7 Installation of Meters and Gauges:  Install meters and gauges in accordance with 
Division-23 Basic Mechanical Materials and Methods section "Meters and Gauges." 

 
3.8 Installation of Fire Protection Specialties:  Install fire protection specialties as 

indicated, and in accordance with NFPA 13.  Furnish wiring requirements to electrical 
Installer for electrical wiring of supervisory switches. 

 
3.9 Field Quality Control: 
 
3.9.1 Sprinkler Piping Flushing:  Prior to connecting sprinkler risers for flushing, flush feed 

mains, lead-in connections and control portions of sprinkler piping.  After fire 
sprinkler piping installation has been completed and before piping is placed in service, 
flush entire sprinkler system, as required to remove foreign substances, under pressure 
as specified in NFPA 13.  Continue flushing until water is clear, and check to ensure 
that debris has not clogged sprinklers. 

 
3.9.2 Hydrostatic Testing:  After flushing system, test fire sprinkler piping hydrostatically, 

for period of 24 hours, at not less than 200 psi or at 50 psi in excess of maximum static 
pressure when maximum static pressure is in excess of 150 psi.  Check system for 
leakage of joints.  Measure hydrostatic pressure at low point of each system or zone 
being tested. 

 
3.9.3 Repair or replace piping system as required to eliminate leakage in accordance with 

NFPA standards for "little or no leakage" and retest as specified to demonstrate 
compliance. 

 
3.10  Cleaning and Inspecting:  Clean and inspect fire protection systems in accordance with 

requirements of Division-23 Basic Mechanical Materials and Methods section 
"Testing, Cleaning, and Sterilization of Piping Systems". 

 
3.11 Extra Stock: 
 
3.11.1 Heads:  For each style and temperature range required, furnish additional sprinkler 

heads, amounting to one unit for every 100 installed units, but not less than 5 units of 
each. 

 
3.11.2 Wrenches:  Furnish 2 spanner wrenches for each type and size of valve connection and 

fire hose coupling.  Obtain receipt from Owner that extra stock has been received. 
  
3.12 Owner Instruction:  Provide technical services for one 4-hour period to instruct 

Owner’s personnel in operation and maintenance of building sprinkler systems.  
Schedule training date with Owner.  Provide at least 7-day notice to Engineer and 
Owner of training date. 

 
 

END OF SECTION 21 13 00
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 22 01 00 - PLUMBING GENERAL 

 

1 GENERAL 

 

1.1 The work covered by this division consists of providing all labor, equipment and 

materials and performing all operations necessary for the installation of the 

plumbing work as herein called for and shown on the drawings. 

 

1.2 Related Documents: 

 

1.2.1 Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 1 Specification sections, apply to work of 

this section. 

 

1.2.2 This is a Basic Plumbing Requirements Section. Provisions of this section apply to 

work of all Division- 22 sections. Provisions of Division-23 Basic Mechanical 

Requirements Sections apply to work of all Division-22 sections. 

 

1.2.3 Review all other contract documents to be aware of conditions affecting work herein. 

 

1.2.4 Definitions: 

 

1.2.4.1 Provide: Furnish and install, complete and ready for intended use. 

 

1.2.4.2 Furnish: Supply and deliver to project site, ready for subsequent requirements. 

 

1.2.4.3 Install: Operations at project site, including unloading, unpacking, assembly, 

erection, placing, anchoring, applying, working to dimension, finishing, curing, 

protecting, cleaning, and similar requirements. 

 

1.3 Permits and Fees: Contractor shall obtain all necessary permits, meters, and 

inspections required for his work and pay all fees and charges incidental thereto. 

 

1.4 Verification of Owner's Data: Prior to commencing any work the Contractor shall 

satisfy himself as to the accuracy of all data as indicated in these plans and 

specifications and/or as provided by the Owner. Should the Contractor discover any 

inaccuracies, errors, or omissions in the data, he shall immediately notify the 

Architect/Engineer in order that proper adjustments can be anticipated and ordered. 

Commencement by the Contractor of any work shall be held as an acceptance 

of the data by him after which time the Contractor has no claim against the 
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Owner resulting from alleged errors, omissions or inaccuracies of the said data. 

 

1.5 Delivery and Storage of Materials: Materials delivered to site shall be inspected 

for damage, unloaded, and stored with a minimum of handling. All material 

shall be stored to provide protection from the weather and accidental damage. 

 

1.6 Extent of work is indicated by the drawings, schedules, and the requirements 

of the specifications. Singular references shall not be constructed as requiring only 

one device if multiple devices are shown on the drawings or are required for proper 

system operation. 

 

1.7 Field Measurements and Coordination: 

 

1.7.1 The intent of the drawings and specifications is to obtain a complete and satisfactory 

installation. Separate divisional drawings and specifications shall not relieve the 

Contractor or subcontractors from full compliance of work of his trade indicated on 

any of the drawings or in any section of the specifications. 

 

1.7.2 Verify all field dimensions and locations of equipment to insure close, neat fit 

with other trades' work. Make use of all contract documents and approved shop 

drawings to verify exact dimension and locations. 

 

1.7.3 Coordinate work in this division with all other trades in proper sequence to insure 

that the total work is completed within contract time schedule and with a minimum 

cutting and patching. 

 

1.7.4 Locate all apparatus symmetrical with architectural elements. Install to exact height 

and locations when shown on architectural drawings. When locations are shown 

only on plumbing drawings, be guided by architectural details and conditions 

existing at job and correlate this work with that of others. 

 

1.7.5 Install work as required to fit structure, avoid obstructions, and retain clearance, 

headroom, openings and passageways. Cut no structural members without written 

approval. 

 

1.7.6 Carefully examine any existing conditions, piping, and premises. Compare drawings 

with existing conditions. Report any observed discrepancies. It shall be the 

Contractor's responsibility to properly coordinate the work and to identify 

problems in a timely manner. Written instructions will be issued to resolve 

discrepancies. 

 

1.7.7 Because of the small scale of the drawings, it is not possible to indicate all offsets 

and fittings or to locate every accessory. Drawings are essentially diagrammatic. 

Study carefully the sizes and locations of structural members, wall and partition 

locations, trusses, and room dimensions and take actual measurements on the 

job. Locate piping, ductwork, equipment and accessories with sufficient space for 
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installing and servicing. Contractor is responsible for accuracy of his measurements 

and for coordination with all trades. Contractor shall not order materials or 

perform work without such verification. No extra compensation will be allowed 

because field measurements vary from the dimensions on the drawings. If field 

measurements show that equipment or piping cannot be fitted, the 

Architect/Engineer shall be consulted. Remove and relocate, without additional 

compensation, any item that is installed and is later found to encroach on space 

assigned to another use. 

 

1.8 Guarantee: 

 

1.8.1 The Contractor shall guarantee labor, materials and equipment for a period of one 

(1) year from Final Completion, or from Owner's occupancy, whichever is 

earlier. Contractor shall make good any defects and shall include all necessary 

adjustments to and replacement of defective items without expense to the Owner. 

 

1.8.2 Owner reserves right to make emergency repairs as required to keep equipment 

in operation without voiding Contractor's Guarantee Bond nor relieving 

Contractor of his responsibilities during guarantee period. 

 

1.9 Approval Submittals: 

 

1.9.1 When approved, the submittal control log and submittals shall be an addition to the 

specifications herewith, and shall be of equal force in that no deviation will be 

permitted except with the approval of the Architect/Engineer. 

 

1.9.1.1 Shop drawings, product literature, and other approval submittals will only be 

reviewed if they are submitted in full accordance with the General and 

Supplementary Conditions and Division 1 Specification sections and the following. 

 

1.9.1.1.1 Submittals shall be properly organized in accordance with the approved submittal 

control log. 

 

1.9.1.1.2 Submittals shall not include items from more than one specification section in the 

same submittal package unless approved in the submittal control log. 

 

1.9.1.1.3 Submittals shall be properly identified by a cover sheet showing the project name, 

Architect and Engineer names, submittal control number, specification section, a 

list of products or item names with model numbers in the order they appear in 

the package, and spaces for approval stamps. A sample cover sheet is included at 

the end of this section. 

 

1.9.1.1.4 Submittals shall have been reviewed and approved by the General Contractor (or 

Prime Contractor). Evidence of this review and approval shall be an "Approved" 

stamp with a signature and date on the cover sheet. 
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1.9.1.1.5 Submittals that include a series of fixtures or devices (such as plumbing fixtures 

or valves) shall be organized by the fixture number or valve type and be marked 

accordingly. Each fixture must include all items associated with that fixture 

regardless of whether or not those items are used on other fixtures. 

 

1.9.1.1.6 The electrical design shown on the drawings supports the plumbing equipment 

basis of design specifications at the time of design. If plumbing equipment is 

submitted with different electrical requirements, it is the responsibility of the 

plumbing contractor to resolve all required electrical design changes (wire and 

conduit size, type of disconnect or overload protection, point(s) of connection, etc.) 

and clearly show the new electrical design on the plumbing submittal with a written 

statement that this change will be provided at no additional cost. Plumbing 

submittals made with no written reference to the electrical design will be 

presumed to work with the electrical design. Any corrections required will be at no 

additional cost. 

 

1.9.2 If the shop drawings show variation from the requirements of contract because of 

standard shop practice or other reasons, the Contractor shall make specific 

mention of such variation in writing in his letter of transmittal and on the 

submittal cover sheet in order that, if acceptable, Contractor will not be relieved of 

the responsibility for executing the work in accordance with the contract. 

 

1.9.3 Review of shop drawings, product literature, catalog data, or schedules shall not 

relieve the Contractor from responsibility for deviations from contract drawings or 

specifications, unless he has in writing called to the attention of the 

Architect/Engineer each such deviation in writing at the time of submission, nor 

shall it relieve him from responsibility for errors of any sort in shop drawings, 

product literature, catalog data, or schedules.  Any feature or function specified but 

not mentioned in the submittal shall be assumed to be included per the 

specification. 

 

1.9.4 Submit shop drawings as called for in other sections after award of the contract and 

before any material is ordered or fabricated. Shop drawings shall consist of plans, 

sections, elevations and details to scale (not smaller than ¼" per foot), with 

dimensions clearly showing the installation. Direct copies of small scale project 

drawings issued to the Contractor are not acceptable. Drawings shall take into 

account equipment furnished under other sections and shall show space allotted 

for it. Include construction details and materials. 

 

1.10 Test Reports and Verification Submittals: Submit test reports, certifications and 

verification letters as called for in other sections.  Contractor shall coordinate the 

required testing and documentation of system performance such that sufficient time 

exists to prepare the reports, submit the reports, review the reports and take 

corrective action within the scheduled contract time. 
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1.11 O&M Data Submittals: Submit Operation and Maintenance data as called for in 

other sections. When a copy of approval submittals is included in the O&M 

Manual, only the final “Approved” or “Approved as Noted” copy shall be used. 

Contractor shall organize these data in the O&M Manuals tabbed by specification 

number. Prepare O&M Manuals as required by Division 1 and as described herein. 

Submit manuals at the Substantial Completion inspection. 

 

2 PRODUCTS 

 

2.1 All materials shall be new or Owner-supplied reused as shown on the drawings, the 

best of their respective kinds, suitable for the conditions and duties imposed on 

them at the building and shall be of reputable manufacturers. The description, 

characteristics, and requirements of materials to be used shall be in accordance 

with qualifying conditions established in the following sections. 

 

2.2 Equipment and Materials: 

 

2.2.1 Shall be new and the most suitable grade for the purpose intended. Equipment 

furnished under this division shall be the product of a manufacturer regularly 

engaged in the manufacture of such items for a period of three years. Where 

practical, all of the components shall be products of a single manufacturer in order 

to provide proper coordination and responsibility. Where required, Contractor shall 

furnish proof of installation of similar units or equipment. 

 

2.2.2 Each item of equipment shall bear a name plate showing the manufacturer's 

name, trade name, model number, serial number, ratings and other information 

necessary to fully identify it. This plate shall be permanently mounted in a 

prominent location and shall not be concealed, insulated or painted. 

 

2.2.3 The label of the approving agency, such as UL, IBR, ASME, ARI, AMCA, by 

which a standard has been established for the particular item shall be in full view. 

 

2.2.4 The equipment shall be essentially the standard product of a manufacturer 

regularly engaged in the production of such equipment and shall be a product of the 

manufacturer's latest design. 

 

2.2.5 A service organization with personnel and spare parts shall be available within two 

hours for each type of equipment furnished. 

 

2.2.6 Install in accordance with manufacturer's recommendations. Place in service by a 

factory trained representative where required. 

 

2.2.7 Materials and equipment are specified herein by a single or by multiple 

manufacturers to indicate quality, material and type of construction desired. 

Manufacturer's products shown on the drawings have been used as basis for 

design; it shall be the Contractor's responsibility to ascertain that alternate 
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manufacturer's products, or the particular products of named manufacturers, meet 

the detailed specifications and that size and arrangement of equipment are suitable 

for installation. 

 

2.2.8 Model Numbers: Catalog numbers and model numbers indicated in the drawings 

and specifications are used as a guide in the selection of the equipment and are only 

listed for the contractor's convenience. The contractor shall determine the actual 

model numbers for ordering materials in accordance with the written description of 

each item and with the intent of the drawings and specifications. 

 

2.3 Requests for Substitution: 

 

2.3.1 Where a particular system, product or material is specified by name, consider it 

as standard basis for bidding, and base proposal on the particular system, product 

or material specified. 

 

2.3.2 Requests by Contractor for substitution will be considered only when reasonable, 

timely, fully documented, and qualifying under one or more of the following 

circumstances. 

 

2.3.2.1 Required product cannot be supplied in time for compliance with Contract time 

requirements. 

 

2.3.2.2 Required product is not acceptable to governing authority, or determined to be non-

compatible, or cannot be properly coordinated, warranted or insured, or has other 

recognized disability as certified by Contractor. 

 

2.3.2.3 Substantial cost advantage is offered Owner after deducting offsetting 

disadvantages including delays, additional compensation for redesign, 

investigation, evaluation and other necessary services and similar considerations. 

 

2.3.3 All requests for substitution shall contain a "Comparison Schedule" and clearly and 

specifically indicate any and all differences or omissions between the product 

specified as the basis of design and the product proposed for substitution. 

Differences shall include but shall not be limited to data as follows for both the 

specified and substituted products: 

 

Principal of operation. 

Materials of construction or 

finishes. Thickness of gauge of 

materials. 

Weight of item. 

Deleted features or 

items. Added 

features or items. 

Changes in other work caused by the 
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substitution. Performance curves. 

 

If the approved substitution contains differences or omissions not specifically called 

to the attention of the Architect/Engineer, the Owner reserves the right to require 

equal or similar features to be added to the substituted products (or to have the 

substituted products replaced) at the Contractor's expense. 

 

3 EXECUTION 

 

3.1 Workmanship: All materials and equipment shall be installed and completed in a 

first-class workmanlike manner and in accordance with the best modern methods 

and practice. Any materials installed which do not present an orderly and 

reasonably neat and/or workmanlike appearance, or do not allow adequate space for 

maintenance, shall be removed and replaced when so directed by the 

Architect/Engineer. 

 

3.2 Coordination: 

 

3.2.1 The Contractor shall be responsible for full coordination of the plumbing systems 

with shop drawings of the building construction so the proper openings and sleeves 

or supports are provided for piping, ductwork, or other equipment passing through 

slabs or walls. 

 

3.2.2 Any additional steel supports required for the installation of any plumbing 

equipment, piping, or ductwork shall be furnished and installed under the section of 

the specifications requiring the additional supports. 

 

 

3.2.3 It shall be the Contractor's responsibility to see that all equipment such as valves, 

dampers, filters and such other apparatus or equipment that may require 

maintenance and operation are made easily accessible, regardless of the 

diagrammatic location shown on the drawings. 

 

3.2.4 All connections to fixtures and equipment shown on the drawings shall be 

considered diagrammatic unless otherwise indicated by detail. The actual 

connections shall be made to fully suit the requirements of each case and 

adequately provide for expansion and servicing. 

 

3.2.5 The contractor shall protect equipment, material, and fixtures at all times. He shall 

replace all equipment, material, and fixtures which are damaged as a result of 

inadequate protection. 

 

3.2.6 Prior to starting and during progress of work, examine work and materials installed 

by others as they apply to work in this division. Report conditions which will 

prevent satisfactory installation. 
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3.2.7 Start of work will be construed as acceptance of suitability of work of others. 

 

3.3 Interruption of Service: Before any equipment is shut down for disconnecting or 

tie-ins, arrangements shall be made with the Architect/Engineer and this work shall 

be done at the time best suited to the Owner. This will typically be on weekends 

and/or holidays and/or after normal working hours. Services shall be restored the 

same day unless prior arrangements are made.  All overtime or premium costs 

associated with this work shall be included in the base bid. 

 

3.4 Phasing: Provide all required temporary valves, piping, ductwork, equipment and 

devices as required. Maintain temporary services to areas as required. Remove 

all temporary material and equipment on completion of work unless Engineer 

concurs that such material and equipment would be beneficial to the Owner on a 

permanent basis. 

 

3.5 Cutting and Patching: Notify General Contractor to do all cutting and patching 

of all holes, chases, sleeves, and other openings required for installation of 

equipment furnished and installed under this section. Utilize experienced trades 

for cutting and patching. Obtain permission from Architect/Engineer before cutting 

any structural items. 

 

3.6 Equipment Setting: Bolt equipment directly to concrete pads or vibration isolators as 

required, using hot- dipped galvanized anchor bolts, nuts and washers. Level 

equipment. 

 

3.7 Painting:  Touch-up factory finishes on equipment located inside and outside shall be 

done under Division 

22.  Obtain matched color coatings from the manufacturer and apply as directed.  

If corrosion is found during inspection on the surface of any equipment, clean, 

prime, and paint, as required. 

 

3.8 Clean-up: Thoroughly clean all exposed parts of apparatus and equipment of 

cement, plaster, and other materials and remove all oil and grease spots. Repaint 

or touch up as required to look like new. During progress of work, contractor is to 

carefully clean up and leave premises and all portions of building free from debris 

and in a clean and safe condition. 

 

3.9 Start-up and Operational Test: Start each item of equipment in strict accordance 

with the manufacturer's instructions; or where noted under equipment 

specification, start-up shall be done by a qualified representative of the 

manufacturer.  Alignment, lubrication, safety, and operating control shall be included 

in start-up check. 

 

3.10 Record Drawings: 

 

3.10.1 During the progress of the work the Contractor shall record on their field set of 
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drawings the exact location, as installed, of all piping, ductwork, equipment, and 

other systems which are not installed exactly as shown on the contract drawings. 

 

3.10.2 Upon completion of the work, record drawings shall be prepared as described in the 

General Conditions, Supplementary Conditions, and Division 1 sections. 

 

3.11 Acceptance: 

 

3.11.1 Punch List: Submit written confirmation that all punch lists have been checked 

and the required work completed. 

 

3.11.2 Instructions: At completion of the work, provide a competent and experienced 

person who is thoroughly familiar with project, for one day to instruct permanent 

operating personnel in operation of equipment and control systems. This is in 

addition to any specific equipment operation and maintenance training. 

 

3.11.3 Operation and Maintenance Manuals: Furnish four complete manuals bound in ring 

binders with Table of Contents, organized, and tabbed by specification section. 

Manuals shall contain: 

 

Detailed operating instructions and instructions for making minor 

adjustments. Complete wiring and control diagrams. 
Routine maintenance operations. 
Manufacturer's catalog data, service instructions, and parts lists for each piece of 

operating equipment. Copies of approved submittals. 

Copies of all manufacturer's warranties. 

Copies of test reports and verification submittals. 

 

3.11.4 Record Drawings: Submit record drawings. 

 

END OF SECTION 22 01 00 
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SECTION 22 07 00 - INSULATION FOR PLUMBING PIPE AND EQUIPMENT     

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-22 Basic Plumbing Materials and Methods Sections apply to work of this 

section. 

 

1.3  Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 

 

1.4 Approval Submittals:   

 

1.4.1 Product Data:  Submit a producer's data sheets and installation instructions on each 

insulation system including insulation, coverings, adhesives, sealers, protective 

finishes, and other material recommended by the manufacturer for applications 

indicated.  Submit for: 

 

 Fiberglass pipe insulation   

 Flexible unicellular piping insulation   

 

1.5 O&M Data Submittals:  Submit a copy of all approval submittals.  Include in O&M 

Manual.   

   

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

insulation products by Armstrong, Johns Manville, Knauf, Owens Corning, Pittsburgh 

Corning, U.S. Rubber, or approved equal.  All products shall be asbestos-free. 

 

2.2 Flame/Smoke Ratings:  Provide composite mechanical insulation (insulation, jackets, 

coverings, sealers, mastics, and adhesive) with a flame-spread rating of 25 or less, and 

a smoke-developed rating of 50 or less, as tested by ANSI/ASTM E84. 

 

2.3 Pipe Insulation Materials: 
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2.3.1 Fiberglass Pipe Insulation:  ASTM C547, Class 1 unless otherwise indicated.  

(Preformed sleeving with white all-service jacket, suitable for temperatures up to 

450°F) 

 

2.3.2 Flexible Unicellular Pipe Insulation:  ASTM C534, Type I. (Tubular, suitable for use 

to 200ºF.) 

 

2.3.3 Staples, Bands, Wires, and Cement:  As recommended by the insulation manufacturer 

for applications indicated. 

 

2.3.4 Adhesives, Sealers, Protective Finishes:  Products recommended by the insulation 

manufacturer for the application indicated. 

 

2.3.5 Jackets:  ASTM C921, Type I (vapor barrier) for piping below ambient temperature, 

Type II (vapor permeable) for piping above ambient temperature.  Type I may be used 

for all piping at Installer's option.   

 

3 EXECUTION                       

 

3.1 General: 

 

3.1.1 Install thermal insulation products in accordance with manufacturer's written 

instructions, and in compliance with recognized industry practices to ensure that 

insulation serves intended purpose. 

 

3.1.2 Install insulation materials with smooth and even surfaces and on clean and dry 

surfaces.  Redo poorly fitted joints.  Do not use mastic or joint sealer as filler for 

gapping joints and excessive voids resulting from poor workmanship. 

 

3.1.3 Maintain integrity of vapor-barrier on insulation and protect it to prevent puncture and 

other damage.  Label all insulation "ASBESTOS FREE". 

 

3.1.4 Do not apply insulation to surfaces while they are hot or wet. 

 

3.1.5 Do not install insulation until systems have been checked and found free of leaks.  

Surfaces shall be clean and dry before attempting to apply insulation.  A professional 

insulator with adequate experience and ability shall install insulation. 

 

3.1.6 Do not install insulation on pipe systems until acceptance tests have been completed 

except for flexible unicellular insulation.  Do not install insulation until the building is 

"dried-in". 

 

3.2 Fiberglass Pipe Insulation: 

 

3.2.1 Insulate the following piping systems (indoor locations): 
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3.2.1.1 Domestic hot water greater than 140º, less than 180° F:  up to 2" pipe - 1½" thick, over 

2" pipe 2" thick. 

 

3.2.1.2 Domestic hot and tempered water and hot water return less than 140° F:  up to 3" pipe 

- 1½" thick, over 3" pipe - 2" thick. 

 

3.2.2 Apply insulation to pipe with all side and end joints butted tightly.  Seal longitudinal 

lap by pressurizing with plastic sealing tool.  Apply 3 inch wide self sealing butt strips 

to joints between insulation sections.  Insulate all fittings, flanges, valves and strainers 

with premolded insulation.  Apply coat of insulating cement to fittings and wrap with 

glass cloth overlapping each wrap 1" and adjacent pipe 2".  Finish with heavy coat of 

general purpose mastic.  Premolded PVC covers may also be used, but no flexible 

inserts are allowed. 

 

3.2.3 Provide hanger or pipe support shields of 16 gauge (minimum) galvanized steel over 

the insulation which extends halfway up the pipe insulation cover and at least 6" on 

each side of the hanger. 

 

3.2.4 Omit insulation on exposed plumbing fixture runouts from faces of wall or floor to 

fixture; on unions, flanges, strainer blowoffs, flexible connections and expansion 

joints. 

 

3.3 Flexible Unicellular Pipe Insulation: 

 

3.3.1 Insulate the following piping systems: 

 

3.3.1.1 Horizontal above-grade waste and storm water piping receiving condensate from air 

conditioning units to points of connection receiving waste from 4 or more fixtures - ½" 

thick.   

 

3.3.1.2 Horizontal above grade waste piping receiving discharge from ice machines, coolers, 

freezers or similar units to points of connection receiving waste form 4 or more 

fixtures - ½" thick. 

 

3.3.1.3 Floor drain bodies located above ceiling or above grade and receiving condensate from 

air conditioning units.   

 

3.3.2 Apply insulation in accordance with the manufacturer's recommendations and 

instructions.  Mitre cut insulation to fit pipe fittings.  Use approved cement to seal all 

joints and ends in the insulation. 

 

END OF SECTION 22 07 00 
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SECTION 22 11 13 - POTABLE WATER SYSTEM  

 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-22 Basic Plumbing Requirements and Basic Plumbing Materials and Methods 

sections apply to work of this section. 

 

1.3  Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 

 

1.4 Extent of potable water systems work, is indicated on drawings and schedules, and by 

requirements of this section. 

 

1.5 Refer to other Division-22 sections for site water distribution system; not work of this 

section unless noted. 

 

1.6 Refer to appropriate Division-2 sections for exterior potable water system; not work of 

this section unless noted. 

 

1.7 Insulation for potable water piping is specified in other Division-22 sections, and is 

included as work of this section.  Insulation requirements include: 

 

1.7.1 Domestic hot water piping 

 

1.8 Excavation and backfill required in conjunction with water piping is specified in other 

Division-23 sections, and is included as work of this section. 

 

1.9 Code Compliance:  Comply with applicable portions of Florida Building Code-

Plumbing pertaining to selection and installation of plumbing materials and products.  

Comply with local utility requirements. 

 

1.10 Approval Submittals:   

 

1.10.1 Product Data:  Submit manufacturer's technical product data and installation 

instructions for: 

 

 Valves 
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 Strainers 

 Hose bibbs 

 Wall hydrants 

 Water hammer arresters 

 Meters and gauges 

 Relief valves 

 Trap primers 

 Access doors    

 

1.11 Test Reports and Verification Submittals: 

 

1.11.1 Disinfection:  Submit report by Health Department.    

 

1.12 O&M Data Submittals:  Submit a copy of all approval submittals.  Submit 

maintenance data and parts lists for valves, trap primers.  Include these data in O&M 

manual.    

 

2 PRODUCTS 

 

2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, 

types, pressure ratings, temperature ratings, and capacities as indicated.  Where not 

indicated, provide proper selection as determined by Installer to comply with 

installation requirements.  Provide materials and products complying with Florida 

Building Code-Plumbing where applicable.  Provide sizes and types matching pipe 

materials used in potable water systems.  Where more than one type of materials or 

products is indicated, selection is Installer's option. 

 

2.2 Acceptable Manufacturers:   Subject to compliance with requirements, provide 

products of one of the following listed for each item. 

 

2.3 Identification:  Provide identification complying with Division-23 Basic Mechanical 

Materials and Methods section "Mechanical Identification".  Provide manufacturer's 

standard permanent, bright-colored, continuous-printed plastic tape, intended for direct 

burial service; not less than 6" wide x 4 mils thick.  Provide blue tape with black 

printing reading "CAUTION WATER LINE BURIED BELOW". 

 

2.4 Pipes and Fittings:  Provide pipes and pipe fittings complying with Division-22 Basic 

Plumbing Materials and Methods section "Pipes and Pipe Fittings", in accordance with 

the following listing: 

 

2.4.1 Interior Water Piping: 

 

2.4.1.1 Above Grade:  Copper tube; Type L, hard-drawn temper; wrought-copper fittings, 

solder-joints. 

 

2.4.1.2 Below Grade:  Copper tube; Type L, soft-annealed temper; no joints below floor. 
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2.4.2 Exterior Water Piping: 

 

2.4.2.1 Copper tube; Type L, hard-drawn temper; wrought-copper fittings, solder-joints. 

 

2.4.3 Solder joints shall be made with 95-5 solder. 

 

2.5 Piping Specialties:  Provide piping specialties complying with Division-22 Basic 

Plumbing Materials and Methods section "Piping Specialties".  

 

2.6 Supports and Anchors:  Provide supports and anchors complying with Division-22 

Basic Plumbing Materials and Methods section "Supports and Anchors". 

 

2.7 Interior Valves:  Provide valves complying with Division-22 Basic Plumbing Materials 

and Methods section "Valves", in accordance with the following listing: 

 

2.7.1 Sectional and Shutoff Valves:  GA1, GA2, GA3, BA1, BA2. 

 

2.7.2 Drain Valves:  GA1, GA2, BA1, BA2. 

 

2.7.3 Throttling Valves:  BA1, BA2. 

 

2.7.4 Check Valves:  CK1, CK2, CK3. 

 

2.8 Hose Bibbs:  Provide complete bronze body hose bibbs inside stainless steel box with 

hinged access door with cylinder lock and “WATER” stamped on cover.  Provide key 

operated control valve with all bronze interior parts, replaceable seat washer, 

screwdriver operated stop valve in supply, and 3/4” male threaded hose connection.  

Zurn Z1350 or equal by Acorn or Woodford. 

 

2.9 Wall Hydrants:  Provide complete bronze body hose bibbs inside stainless steel box 

with hinged access door with cylinder lock and “WATER” stamped on cover.  Provide 

key operated control valve with all bronze interior parts, replaceable seat washer, 

screwdriver operated stop valve in supply, and 3/4” male threaded hose connection.  

Zurn Z1350 or equal by Acorn or Woodford. 

 

2.10 Water Hammer Arresters:  Provide bellows type water hammer arresters, stainless steel 

casing and bellows, pressure rated for 250 psi, tested and certified in accordance with 

PDI Standard WH-201.  Precision Plumbing Products, Josam, Zurn, Amtrol, Wade, 

Jay R. Smith, or approved equal. 

 

2.11 Meters and Gauges:  Provide meters and gauges complying with Division-22 Basic 

Plumbing Materials and Methods section "Meters and Gauges", in accordance with the 

following listing: 

 

 Thermometers 
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 Pressure gauges 

 Calibrated balancing cocks   

 

2.12 Combined Pressure-Temperature Relief Valves:  Provide relief valves as indicated, of 

size and capacity as selected by Installer for proper relieving capacity, in accordance 

with ASME Boiler and Pressure Vessel Code.  Provide bronze body, test lever and 

thermostat complying with ANSI Z21.22 listing requirements for temperature 

discharge capacity.  Provide temperature relief at 210°F, and pressure relief at 150 psi.  

Watts, Cash, Zurn, or approved equal. 

 

 

2.13 Access Doors:  Provide access doors to service all valves and other devices as required 

in accordance with Division-23 Basic Mechanical Materials and Methods Section 

“Access Doors”. 

 

3 EXECUTION 

 

3.1 General:  Examine areas and conditions under which potable water systems are to be 

installed.  Do not proceed with work until unsatisfactory conditions have been 

corrected in manner acceptable to Installer. 

 

3.2 Install plumbing identification in accordance with Division-23 Basic Mechanical 

Materials and Methods section "Mechanical Identification".  Install underground 

plastic pipe markers during backfill, 6"-8" below grade. 

 

3.3 Install water distribution piping in accordance with Division-23 Basic Mechanical 

Materials and Methods section "Pipes and Pipe Fittings". 

 

3.3.1 Install piping with 1/32" per foot (¼%) downward slope towards drain point. 

 

3.3.2 Locate groups of pipes parallel to each other, spaced to permit applying full insulation 

and servicing of valves. 

 

3.4 Install exterior water piping in compliance with local governing regulations.  Water 

piping shall be installed with a minimum of 30 inches of cover unless otherwise 

indicated. 

 

3.5 Install piping specialties in accordance with Division-23 Basic Mechanical Materials 

and Methods section "Piping Specialties". 

 

3.6 Install supports and anchors in accordance with Division-23 Basic Mechanical 

Materials and Methods section "Supports and Anchors". 

 

3.7 Install valves in accordance with Division-23 Basic Mechanical Materials and 

Methods section "Valves". 
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3.7.1 Sectional Valves:  Install on each branch and riser, close to main, where branch or riser 

serves two or more plumbing fixtures or equipment connections, and elsewhere as 

indicated. 

 

3.7.2 Shutoff Valves:  Install on inlet of each plumbing equipment item, and on inlet of each 

plumbing fixture, and elsewhere as indicated. 

 

3.7.3 Drain Valves:  Install on each plumbing equipment item located to completely drain 

equipment for service or repair.  Install at base of each riser, at base of each rise or 

drop in piping system, and elsewhere where indicated or required to completely drain 

potable water system. 

 

3.7.4 Check Valves:  Install where indicated. 

 

3.8 Hose Bibbs and Wall Hydrants:  Install on concealed piping where indicated with 

vacuum breaker.  Mount 18 inches above grade or finished floor. 

 

3.9 Install meters and gauges in accordance with Division-23 Basic Mechanical Materials 

and Methods section "Meters and Gauges". 

 

3.10 Install relief valves on each water heater, and where indicated in accordance with the 

manufacturer's instructions. Pipe full size outside or to floor drain.  Cut the end of the 

pipe at a 45° angle and terminate 6 inches above the floor or grade. 

 

3.11 Piping Runouts to Fixtures:  Provide hot and cold water piping runouts to fixtures of 

sizes indicated, but in no case smaller than required by Florida Building Code-

Plumbing. 

 

3.12 Plumbing Equipment Connections:  Connect hot and cold water piping system to 

plumbing equipment as indicated, and comply with equipment manufacturer's 

installation instructions.  Provide shutoff valve and union for each connection, provide 

drain valve on drain connection. 

 

3.13 Install water hammer arresters in upright position, in locations and of sizes indicated in 

accordance with PDI Standard WH-201. 

 

3.14 Install trap primers as indicated, and in accordance with manufacturer's installation 

instructions.  Provide access panels to all trap primers unless accessible through a lay-

in ceiling or inside mechanical room. 

 

3.15 Locate and coordinate installation of access doors for all valves and devices in 

accordance with Division-23 Basic Mechanical Materials and Methods section 

“Access Doors”. 

 

3.16 Piping Tests:  Test, clean, and sterilize potable water piping in accordance with testing 

requirements of Division-23 Basic Mechanical Materials and Methods section 
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"Testing, Cleaning, and Sterilization of Piping Systems".   

 

END OF SECTION 22 11 13 
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SECTION 22 13 16 - SOIL, WASTE AND VENT SYSTEM   

  

1 GENERAL  

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-22 Basic Plumbing Requirements and Basic Plumbing Materials and Methods 

sections apply to work of this section. 

 

1.3  Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 

 

1.4 Extent of soil waste and vent systems work is indicated on drawings and schedules, and 

by requirements of this section. 

1.5 Refer to appropriate Division-2 sections for exterior sanitary sewer system required in 

conjunction with soil and waste systems; not work of this section. 

 

1.6 Insulation for soil and waste systems is specified in other Division-22 sections, and is 

included as work of this section.  Insulation requirements include: 

 

1.6.1 Horizontal above grade waste pipes receiving discharge from ice machines, coolers, 

freezers or similar units to points of connection receiving waste from 4 or more fixtures. 

 

1.6.2 Horizontal above grade waste pipes receiving condensate from air conditioning 

equipment to point of connection receiving waste from 4 or more fixtures. 

 

1.7 Excavation and backfill required in conjunction with soil, waste and vent piping is 

specified in other Division-23 sections and is included as work of this section. 

 

1.8 Refer to Division-7 section "Flashing and Sheet Metal" for flashings required in 

conjunction with soil and waste systems; not work of this section. 

 

1.9 Code Compliance:  Comply with applicable portions of Florida Building Code-Plumbing 

pertaining to plumbing materials, construction and installation of products.  Comply with 

local utility requirements. 

 

1.10 Approval Submittals:   

 

1.10.1 Product Data:  Submit manufacturer's technical product data for: 
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 Cleanouts 

 Floor drains 

  

2 PRODUCTS 

 

2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, types, 

pressure ratings, and capacities as indicated.  Where not indicated, provide proper 

selection as determined by Installer to comply with installation requirements.  Provide 

sizes and types matching piping and equipment connections; provide fittings of materials 

which match pipe materials used in soil and waste systems.  Where more than one type of 

materials or products is indicated, selection is Installer's option. 

 

Underground-Type Plastic Line Marker:  Manufacturer's standard permanent, bright-

colored, continuous-printed plastic tape, intended for direct-burial service; not less than 

6" wide x 4 mils thick.  Provide green tape with black printing reading "CAUTION 

SEWER LINE BURIED BELOW". 

 

2.2 Acceptable Manufacturers: Subject to compliance with requirements, provide products of 

one of the following listed for each item. 

 

2.3 Pipes and Fittings:  Provide pipes and pipe fittings complying with Division-23 Basic 

Mechanical Materials and Methods section "Pipes and Pipe Fittings", in accordance with 

the following listing: 

 

2.3.1 Above Ground Soil, Waste, and Vent Piping: 

 

2.3.1.1 Polyvinyl chloride plastic pipe (PVC); Type DWV; PVC plastic type DWV socket-type 

fitting, solvent cement joints.  Do not use in fire-rated assemblies or return air plenums. 

 

2.3.2 Underground Building Drain Piping (within 5 feet of the building): 

 

2.3.2.1 Pipe Size 6" and Smaller:  Polyvinyl chloride sewer pipe (PVC); Type DWV; PVC 

plastic type DWV socket-type. 

 

2.4 Pipe Specialties:  Provide piping specialties complying with Division-23 Basic 

Mechanical Materials and Methods section "Piping Specialties".  

  

2.5 Supports and Anchors:  Provide supports and anchors complying with Division-23 Basic 

Mechanical Materials and Methods section "Supports and Anchors". 

 

2.6 Cleanouts:  Provide factory-fabricated drainage piping products of size and type 

indicated.  Where not indicated, provide proper selection as determined by Installer to 

comply with installation requirements and governing regulations.  Josam, Jay R.  Smith, 

Wade, Zurn. 

 

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

 

2.6.2 Cleanout for PVC Systems: 

 

2.6.2.1 Floor Cleanouts:  Cast-iron body with adjustable head, brass plug, and scoriated nick-

brass cover.  Furnish with carpet flange for carpeted floors.  Furnish with recessed cover 

for tile floors.  Furnish with clamping ring for floors with membrane.  Wade W-6030 hub 

outlet for push-on. 

 

2.6.2.2 Cleanouts in Piping:  PVC cleanout adaptor with threaded PVC plug. 

 

2.6.2.3 Wall Cleanouts:  PVC cleanout adaptor with tapped, countersunk, threaded brass plug.  

Square 9”x9” wall access cover, with scoriated nickel bronze finish.   

 

2.6.2.4 Grade Cleanouts:  PVC cleanout adaptor with countersunk, threaded brass plug.  Wade 

W-8590-D plug.  In sidewalks and other finished concrete, provide access cover frames 

with a non-tilting tractor cover.  Wade W-7035-Z or equal.  

 

2.6.2.5 Cleanouts in Paved Areas: Cast iron body, adjustable housing, ferrule with plug and 

round loose scoriated tractor cover.  Wade W-8300-MF.  Coordinate concrete depth at 

site with adjustable flange.  

 

2.7 Floor Drains:  Provide floor drains of size as indicated on drawings; and type, including 

features, as specified herein.  Josam, Jay R. Smith, Wade, Zurn. 

 

2.7.1 Floor Drains:  Provide inside caulk bottom outlet or TY-Seal hub outlet with adaptor for 

cast iron trap installation and a 4" deep trap seal.  Provide clamping rings for floors with 

membrane. 

 

2.7.2  Floor Drains in Mechanical Rooms:  Provide heavy duty floor drains with dura-coated 

cast iron body and top, bottom outlet, sediment bucket, and trap primer connection.  

Provide with membrane clamp and adjustable collar with slots. 

 

2.7.3 Strainer:  Provide 5" satin-nickel bronze strainer. 

 

2.7.4 Trap Primer Connection:  Provide ½" trap primer tapping. 

 

2.7.5 Funnel:  Provide funnel where shown on the drawings. 

 

2.7.6 Basis of Design:  Zurn Z-415B-P.  Basis of design for floor drains in mechanical rooms is 

Zurn Z-541. 

 

3 EXECUTION 

 

3.1 Examine substrates and conditions under which soil and waste systems are to be installed.  

Do not proceed with work until unsatisfactory conditions have been corrected. 
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3.2 Piping Installation: 

 

3.2.1 Install above grade soil and waste piping in accordance with Division-22 Basic Plumbing 

Materials and Methods section "Pipes and Pipe Fittings", and with Florida Building 

Code-Plumbing. 

 

3.2.2 Install underground soil and waste pipes as indicated and in accordance with Florida 

Building Code-Plumbing.  Lay underground piping beginning at low point of systems, 

true to grades and alignment indicated with unbroken continuity of invert.  Place bell 

ends of piping facing upstream.  Install required gaskets in accordance with 

manufacturer's recommendations for use of lubricants, cements, and other special 

installation requirements.  Clean interior of piping of dirt and other superfluous material 

as work progresses.  Maintain swab or drag in line and pull past each joint as it is 

completed.  Place plugs in ends of uncompleted piping at end of day or whenever work 

stops. 

 

3.2.3 Install building soil and vent piping pitched to drain at minimum slope of ¼" per foot 

(2%) for piping smaller than 3", and 1/8" per foot (1%) for piping 3" and larger. 

 

3.3 Install piping specialties in accordance with Division-23 Basic Mechanical Materials and 

Methods section "Piping Specialties". 

 

3.4 Install supports and anchors in accordance with Division-23 Basic Mechanical Materials 

and Methods section "Supports and Anchors". 

 

3.5 Installation of Cleanouts:  Install in above ground piping and building drain piping as 

indicated, as required by Florida Building Code-Plumbing; and at each change in 

direction of piping greater than 45°; at minimum intervals of 50' for piping 4" and smaller 

and 100' for larger piping; and at base of each vertical soil or waste stack.  Install floor 

and wall cleanout covers for concealed piping, select type to match adjacent building 

finish. 

 

3.5.1 Size:  Cleanouts shall be full size up to 4".  Piping over 4" shall have a reducing fitting to 

accommodate a 4" cleanout unless indicated otherwise on drawings. 

 

3.5.2 Install cleanouts to allow adequate clearance for rodding. 

 

3.5.3 Protect all finished surfaces of cleanouts with a suitable adhesive covering until 

construction is completed. 

 

3.5.4 Cleanouts to Grade:  Provide an 18" x 18" x 8" thick concrete pad around the cleanout.  

Set the cleanout ferrule, adapter, or access cover frame in the concrete as required.  The 

cleanout shall be extended to the finished grade.  The concrete pad shall slope away from 

the cleanout in all directions approximately one inch.  Cover pad with fill to finished 

grade. 
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3.5.5 Cleanouts in Paved Areas: Provide concrete pad similar to cleanout to grade and 

coordinate concrete depth at site with adjustable flange.  Access cover frames are 

required. 

 

3.6 Flashing Flanges:  Install flashing flange and clamping device with each stack and 

cleanout passing through waterproof membranes. 

 

3.7 Vent Flashing Sleeves:  Install on stack passing through roof, secure to stack flashing in 

accordance with manufacturer’s instructions.  For metal roofs, sleeves and flashing are by 

Division-7. 

 

3.8 Installation of Floor Drains:  Install floor drains in accordance with manufacturer's 

written instructions and in locations indicated. 

 

3.8.1 Coordinate flashing work with work of waterproofing and adjoining substrate work. 

 

3.8.2 Install floor drains at low points of surface areas to be drained, or as indicated.  Set tops 

of drains flush with finished floor. 

 

3.8.3 Install drain flashing collar or flange so that no leakage occurs between drain and 

adjoining flooring.  Maintain integrity of waterproof membranes, where penetrated. 

 

3.8.4 Position drains so that they are accessible and easy to maintain. 

 

3.9 Connection of Trap Primers:  Connect trap primers as indicated, and in accordance with 

manufacturer's installation instructions.  Pitch piping towards drain trap, minimum of 

1/8" per foot (1%).  Adjust trap primer for proper flow. 

 

3.10 Piping Runouts to Fixtures:  Provide soil and waste piping runouts to plumbing fixtures 

and drains, with approved trap, of sizes indicated, but in no case smaller than required by 

Florida Building Code-Plumbing. 

 

3.11 Test, clean, flush, and inspect soil and waste piping in accordance with requirements of 

Division-23 Basic Mechanical Materials and Methods section "Testing, Cleaning and 

Sterilization of Piping Systems". 

 

END OF SECTION 22 13 16 
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SECTION 22 14 00 - STORM WATER SYSTEM 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division 22 Basic Mechanical Requirements and Basic Mechanical Materials and 

Methods sections apply to work of this section. 

 

1.3 Extent of storm water systems work, is indicated on drawings and by requirements of 

this section. 

 

1.4 Refer to appropriate Division-2 sections for exterior storm sewer system required in 

conjunction with storm water systems; not work of this section. 

 

1.5 Insulation for storm water systems is specified in other Division 22 sections, and is 

included as work of this section.  Insulation requirements include: 

 

 Storm water piping above ceilings. 

 

1.6 Excavation and backfill required in conjunction with storm water piping is specified in 

other Division 23 sections, and is included as work of this section. 

 

1.7 Refer to Division-7 section "Flashing and Sheet metal" for flashings required in 

conjunction with storm water systems; not work of this section. 

 

1.8 Code Compliance:  Comply with applicable portions of Florida Building Code-

Plumbing pertaining to plumbing materials construction and installation of products.  

Comply with local utility requirements. 

 

1.9 Approval Submittals:   

 

1.9.1 Product Data:  Submit manufacturer's technical product data for: 

 

 Cleanouts 

 General drains 

 

1.10 O&M Data Submittals:  Submit a copy of all approval submittals.  .  Include these data 

in O&M manual.    
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2 PRODUCTS 

 

2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, 

types, pressure ratings, and capacities as indicated.  Where not indicated, provide 

proper selection as determined by Installer to comply with installation requirements.  

Provide sizes and types matching piping and equipment connections; provide fittings 

of materials which match pipe materials used in storm water systems.  Where more 

than one type of materials or products is indicated, selection is Installer's option. 

 

Underground-Type Plastic Line Marker:  Manufacturer's standard permanent, bright-

colored, continuous-printed plastic tape, intended for direct-burial service; not less 

than 6" wide x 4 mils thick.  Provide green tape with black printing reading 

"CAUTION SEWER LINE BURIED BELOW". 

 

2.2 Acceptable Manufacturers: Subject to compliance with requirements, provide products 

of one of the following listed for each item.  

 

2.3 Pipes and Fittings:  Provide pipes and pipe fittings complying with Division 22 Basic 

Mechanical Materials and Methods section "Pipes and Pipe Fittings", in accordance 

with the following listing: 

 

2.3.1 Above Ground Conductor Piping: 

 

 

2.3.1.1 Polyvinyl chloride plastic pipe (PVC); Type DWV; PVC plastic type DWV socket-

type fittings, solvent cement joints.  Do not use in fire-rated assemblies or return air 

plenums. 

 

2.3.2 Underground Building Drain Piping (within 5 feet of the building): 

 

 

2.3.2.1 Polyvinyl chloride plastic pipe (PVC); Type DWV; PVC plastic type DWV socket-

type fittings, solvent cement joints. 

 

2.4 Piping Specialties:  Provide piping specialties complying with Division 22 Basic 

Mechanical Materials and Methods section "Piping Specialties".  

 

2.5 Supports and Anchors:  Provide supports and anchors, complying with Division 22 

Basic Mechanical Materials and Methods section "Supports, and Anchors". 

 

2.6 Cleanouts:  Provide factory-fabricated drainage piping products of size and type 

indicated.  Where not indicated, provide proper selection as determined by Installer to 

comply with installation requirements and governing regulations.  Josam, Jay R.  

Smith, Wade, Zurn. 

 

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

 

 

2.6.2 Cleanouts for PVC Systems: 

 

2.6.2.1 Floor Cleanouts:  Cast iron body with adjustable head, brass plug, and scoriated nickel-

brass cover.  Furnish with carpet marker carpet flange style for carpeted floors.  

Furnish with recessed cover for tile floors.  Furnish with clamping ring for floors with 

membrane.  Wade W-6030 hub outlet for push-on. 

 

2.6.2.2 Cleanouts in Piping:  PVC cleanout adaptor with threaded PVC plug. 

 

2.6.2.3 Wall Cleanouts:  PVC cleanout adaptor with tapped, countersunk, threaded brass plug 

and 9x9 scoriated bronze access door.  Wade W-8470-R-75. 

 

2.6.2.4 Grade Cleanouts:  PVC cleanout adaptor with countersunk, threaded brass plug.  Wade 

W-8590-D plug.  In sidewalks and other finished concrete, provide access cover 

frames with a non-tilting tractor cover.  Wade W-7035-Z or equal.  

 

2.6.2.5 Cleanouts in Paved Areas: Cast iron body, adjustable housing, ferrule with plug and 

round loose scoriated tractor cover.  Wade W-8300-MF.  Coordinate concrete depth at 

site with adjustable flange.  

 

2.7 General Drains:  Provide drains of size as indicated on the drawings; and type, 

including features as specified herein.  Josam, Jay R. Smith, Wade, Zurn. 

 

 

2.7.1 Floor Drains:  Cast iron floor drain with integral P-trap, spigot side outlet, flange, 

integral clamping collar, seepage openings, sediment bucket, floor level cleanout, grate 

supported by bucket, trap primer connection, and backwater valve.  Wade W-1370-TD. 

 

3 EXECUTION 

 

3.1 Examine substrate and conditions under which storm water system is to be installed.  

Do not proceed with work until unsatisfactory conditions have been corrected in 

manner acceptable to Installer. 

 

3.2 Piping Installation: 

 

3.2.1 Install above grade storm water piping in accordance with Division 22 Basic 

Mechanical Materials and Methods section, "Pipes and Pipe Fittings", and with Florida 

Building Code-Plumbing. 

 

3.2.2 Install underground storm water piping as indicated and in accordance with Florida 

Building Code-Plumbing.  Lay underground storm water piping beginning at low point 

of systems, true to grade and alignment indicated with unbroken continuity of invert.  
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Place bell ends of piping facing upstream.  Install required gaskets in accordance with 

manufacturer's recommendations for use of lubricants, cements, and other special 

installation requirements.  Clear interior of piping of dirt and other superfluous 

material as work progresses.  Maintain swab or drag in line and pull past each joint as 

it is completed.  Place plugs in ends of uncompleted piping at end of day or whenever 

work stops. 

 

3.2.3 Install building storm water piping pitched to drain at minimum slope of ¼" per foot 

(2%) or c" per foot (1%) as shown on the drawings. 

 

3.3 Install piping specialties in accordance with requirements of Division 22 Basic 

Mechanical Materials and Methods section "Piping Specialties". 

 

3.4 Install supports and anchors, in accordance with Division 22 Basic Mechanical 

Materials and Methods section "Supports and Anchors". 

 

3.5 Install expansion joints on vertical risers as indicated, and as required by Florida 

Building Code-Plumbing. 

 

3.6 Installation of Cleanouts:  Install in conductor piping and storm drain piping as 

indicated, as required by Florida Building Code-Plumbing; at each change in direction 

of piping greater than 45°; at minimum intervals of 50' for piping 4" and smaller and 

100' for larger piping; and at base of each conductor.  Install floor and wall cleanout 

covers for concealed piping, select type to match adjacent building finish. 

 

3.6.1 Size:  Cleanouts shall be full size up to 4".  Piping over 4" shall have a reducing fitting 

to accommodate a 4" cleanout unless indicated otherwise on drawings. 

 

3.6.2 Install cleanouts to allow adequate clearance for rodding. 

 

3.6.3 Protect all finished surfaces of cleanouts with a suitable adhesive covering until 

construction is completed. 

 

3.6.4 Cleanouts to Grade:  Provide an 18" x 18" x 8" thick concrete pad around the cleanout.  

Set the cleanout ferrule, adapter, or access cover frame in the concrete as required.  

The cleanout shall be extended to the finished grade.  The concrete pad shall slope 

away from the cleanout in all directions approximately one inch.  Cover pad with fill to 

finished grade. 

 

3.6.5 Cleanouts in Paved Areas: Provide concrete pad similar to cleanout to grade and 

coordinate concrete depth at site with adjustable flange.  Access cover frames are 

required. 

 

3.6.6 Flashing Flanges:  Install flashing flange and clamping device with each cleanout 

passing through waterproof membrane. 
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3.7 Installfloor drains where shown on the drawings in accordance with the manufacturer's 

printed instructions.  Install flashing collar so that no leakage occurs.  Coordinate with 

concrete installer. 

 

3.8 Test, clean, flush, and inspect storm water piping in accordance with requirements of 

Division 22 Basic Mechanical Materials and Methods section "Testing, Cleaning and 

Sterilization of Piping Systems".   

 

END OF SECTION 22 14 00 
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SECTION 22 30 00 - PLUMBING FIXTURES, EQUIPMENT, TRIM & SCHEDULE   

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-22 Basic Plumbing Requirements and Basic Plumbing Materials and Methods 

sections apply to work of this section. 

 

1.3  Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 

 

1.4 Extent of plumbing fixtures work required by this section is indicated on drawings and 

schedules, and by requirements of this section. 

 

1.5 Refer to Division-26 sections for field-installed electrical wiring required for plumbing 

fixtures; not work of this section. 

 

1.6 Codes and Standards: 

 

1.6.1 Plumbing Fixture Standards:  Comply with applicable portions of Florida Building 

Code-Plumbing pertaining to materials and installation of plumbing fixtures. 

 

1.6.2 ANSI Standards:  Comply with applicable ANSI standards pertaining to plumbing 

fixtures and systems. 

 

1.6.3 PDI Compliance:  Comply with standards established by PDI pertaining to plumbing 

fixture supports. 

 

1.6.4 UL Listing:  Construct plumbing fixtures requiring electrical power in accordance with 

UL standards and provide UL-listing and label. 

 

1.6.5 ARI Compliance:  Construct and install water coolers in accordance with ARI 

Standard 1010 "Drinking-Fountains and Self-Contained Mechanically-Refrigerated 

Drinking-Water Coolers", and provide Certification Symbol. 

 

1.6.6 ANSI Compliance:  Construct and install barrier-free plumbing fixtures in accordance 

with ANSI Standard A117.1 "Specifications for Making Buildings and Facilities 

Accessible To and Usable By Physically Handicapped People". 
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1.7 Approval Submittals:                                                                                

 

1.7.1 Product Data:  Submit manufacturer's technical product data, including rated capacities 

of selected model clearly indicated, furnished specialties and accessories; and 

installation instructions.  Submit manufacturer's assembly-type drawings indicating 

dimensions, roughing-in requirements, required clearances, and methods of assembly 

of components and anchorages.  The submittal shall be organized by “fixture number” 

and each fixture package shall be so identified.  Each fixture package shall include all 

of the required fitting and trim, even if such devices are used for more than one fixture.    

 

1.8 O&M Data Submittals:  Submit a copy of approval submittals.  Submit maintenance 

data and parts lists for each type of plumbing fixture and accessory; including "trouble-

shooting" maintenance guide.  Include these data in O&M manual.    

 

1.9 Handle plumbing fixtures carefully to prevent breakage, chipping and scoring fixture 

finish.  Do not install damaged plumbing fixtures; replace and return damaged units to 

equipment manufacturer. 

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated fixtures of type, style and material indicated.  For 

each type fixture, provide trim, carrier, seats, and valves as specified.  Where not 

specified, provide products as recommended by manufacturer, and as required for 

complete installation.  Where more than one type is indicated, selection is Installer's 

option; but, all fixtures of same type must be furnished by single manufacturer.  Where 

type is not otherwise indicated, provide fixtures complying with governing regulations. 

 

2.2 Model Numbers:  Basis of design model numbers of a particular manufacturer are 

listed in the fixture schedule as an aid to contractors.  Where conflicts between the 

model number and the written description occur, the written description shall govern.  

Where acceptable manufacturers are listed, products are subject to compliance with 

requirements. 

 

2.3  Refer to plumbing construction documents for fixture specifications. 

 

2.4 Materials: 

 

2.4.1 Provide materials which have been selected for their surface flatness and smoothness.  

Exposed surfaces which exhibit pitting seam marks, roller marks, foundry sand holes, 

stains, decoloration, or other surface imperfections on finished units are not acceptable. 

 

2.4.2 All fixtures shall be white vitreous china unless otherwise specifically noted.  Where 

enameled iron fixtures are specified, they shall be furnished with acid resisting enamel. 

 

2.4.3 Where fittings, trim and accessories are exposed or semi-exposed provide bright 

chrome-plated or polished stainless steel units.  Provide copper or brass where not 
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exposed. 

 

2.4.4 Stainless Steel Sheets:  ASTM A 167, Type 302/304, hardest workable temper.  Finish 

shall be No. 4, bright, directional polish on exposed surfaces. 

 

2.4.5 Vitreous China:  High quality, free from fire cracks, spots, blisters, pinholes and 

specks; glaze exposed surfaces, and test for crazing resistance in accordance with 

ASTM C 554. 

 

2.4.6 Synthetic Stone:  High quality, free from defects, glaze on exposed surfaces, stain 

resistant. 

 

2.5 Plumbing Fittings, Trim and Accessories: 

 

2.5.1 Faucets:  At locations where water is supplied (by manual, automatic or remote 

control), provide commercial quality chrome-plated, cast-brass faucets, valves, or other 

dispensing devices, of type and size indicated, and as required to operate as indicated.   

 

2.5.1.1 Aerators:  Provide aerators of types approved by Health Department having 

jurisdiction. 

 

2.5.1.2 Acceptable Manufacturers: Subject to compliance with requirements, provide products 

of one of the following for each item.  American Standard, Chicago Faucet Co., Kohler 

Co., Speakman Co., T & S Brass and Bronze Works, Water Saver Faucet Co., Zurn. 

 

2.5.2 Stops:  Provide chrome-plated brass, angle type, manual shutoff valves and 3/8" 

chrome-plated flexible supply pipes to permit fixture servicing without shutdown of 

water supply piping systems for all fixtures.  Coordinate with fixture requirements. 

 

2.5.2.1 Provide loose key stops. 

 

2.5.2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Zurn or approved equal. 

 

2.5.3 Waste Outlets:  Provide removable P-traps, drains, waste arms, tailpieces and wastes-

to-wall where drains are indicated for direct connection to drainage system for all 

fixtures unless otherwise noted.  Provide drains, tailpieces and waste arms where 

indirect drains are indicated.  Waste outlets shall be full size of fixture drain 

connection.  

 

2.5.3.1 Provide chrome-plated cast-brass P-traps and drains with cleanout. 

 

2.5.3.2 P-traps, wastes and drains of all types shall be 17-gauge. 

 

2.5.3.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Zurn, or approved equal. 
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2.5.4 Flush Valves:  Provide quiet-flush, chrome-plated, cast-brass flush valves with vacuum 

breaker and screwdriver stop.  Where handicap service is indicated, provide ADA 

compliant handles with the handle on the approach side of the stall. 

 

2.5.4.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Sloan Valve Co. or Zurn. 

 

2.5.5 Carriers:  Provide cast-iron supports for fixtures of either graphitic gray iron, ductile 

iron, or malleable iron or steel as indicated.  Coordinate with specific fixture 

requirements and conditions of the project. 

 

2.5.5.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Josam, Wade, Zurn, J.R. Smith. 

 

2.5.6 Fixture Bolt Caps:  Provide manufacturer's standard exposed fixture bolt caps finished 

to match fixture finish. 

 

2.5.7 Escutcheons:  Where fixture supplies and drains penetrate walls in exposed locations, 

provide chrome-plated brass escutcheons with friction clips. 

 

2.5.8 Comply with additional fixture requirements listed for each fixture and as required for 

a complete and functional system. 

 

2.6 Water Closets: 

 

2.6.1 General:  Provide white china siphon jet type unless otherwise noted.   

 

2.6.1.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. American Standard, Crane, Kohler, or 

Zurn. 

 

2.6.2 Fixture Seats:  Provide white, heavy molded plastic fixture seats with stainless steel 

self-sustaining check hinges.   

 

2.6.2.1 Acceptable Manufacturers: Subject to compliance with requirements, provide products 

of one of the following for each item.  Bemis Mfg. Co., Beneke Corp., Church or 

Comfort Seats. 

 

2.7 Lavatories: 

 

2.7.1 General:  Provide white china lavatories.   

 

2.7.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. American Standard, Crane, Kohler, or 

Zurn. 
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2.8 Electric Water Coolers: 

 

2.8.1 General:  Provide self-contained electric water cooler with entire water system free of 

lead.  All joints shall be made using silver solder.  Units shall be complete with an air-

cooled refrigeration system consisting of a hermetic compressor, cooler, pre-cooler, 

condenser fan, thermostat safety controls and all other related devices.  The unit shall 

have a capacity of 8 gallons per hour.  The cabinet shall be stainless steel with vermin 

proof insulation.  The top shall be fabricated of stainless steel with a No. 4 finish.  Where 

handicap units are indicated, the bubbler and fountain shall be ADA compliant.  

 

2.8.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Elkay Mfg. Co., Halsey Taylor Div., 

Haws Drinking Faucet Co., Sunroc, Oasis. 

 

 

2.9 Mop Receptors: 

 

2.9.1 General: Provide one piece mop receptors with 3" integral stainless steel grid drain.  

Provide wall-mounted faucet with arm handles, vacuum breaker, stops, hose 

connection and hose bracket.  Provide 30" hose.  

 

2.9.2 Acceptable Manufacturers: Subject to compliance with requirements, provide products 

of one of the following for each item. Stern-Williams Co., or Acorn. 

 

2.10 Water Heaters: 

 

2.10.1 Accessories:  VB, relief, pan, stand, etc. 

 

2.10.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products of one of the following for each item. Ruud, Rheem, Mor-Flo, State, A.O. 

Smith. 

 

2.11 Thermostatic Mixing Valves: 

 

2.11.1 General: Provide thermostatic mixing valve complying with ASSE 1070.  Mixing 

valves shall be lead free and shall be capable of maintaining desired temperature with 

flow rates as low as 0.25 GPM.  Provide with built in check valve and tamper resistant 

locking nut. 

 

2.11.2 Acceptable Manufacturers: Subject to compliance with requirements, provide products 

of one of the following for each item: Watts, Zurn, or approved equal. 

 

3  EXECUTION 

 

3.1 Examine roughing-in work of potable water and waste piping systems to verify actual 
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locations of piping connections prior to installing fixtures.  Also examine floors and 

substrates, and conditions under which fixture work is to be accomplished.  Correct 

any incorrect locations of piping, and other unsatisfactory conditions for installation of 

plumbing fixtures.  Do not proceed with work until unsatisfactory conditions have 

been corrected in manner acceptable to Installer. 

 

3.2 Install plumbing fixtures of types indicated where shown and at indicated heights.  

Install in accordance with fixture manufacturer's written instructions, roughing-in 

drawings, and with recognized industry practices.  Install in accordance with ADA and 

applicable handicap code requirements.  Ensure that plumbing fixtures comply with 

requirements and serve intended purposes.  Comply with applicable requirements of 

Florida Building Code-Plumbing pertaining to installation of plumbing fixtures.  

Furnish templates for cut-outs in countertops.  Coordinate exact fixture locations with 

countertop shop drawings. 

 

3.3 Fasten plumbing fixtures securely to indicated supports or building structure; and 

ensure that fixtures are level and plumb.  Secure plumbing supplies behind or within 

wall construction so as to be rigid, and not subject to pull or push movement.  Mount at 

heights shown on the drawings.  Fixture heights are floor-to-rim distance.  Fitting 

heights are to centerline. 

 

3.4 Install stop valve in water supply to each fixture. 

 

3.5 After fixtures are set, the crack between the fixture and wall shall be caulked with 

DAP silicone-based caulking, or approved product specified by the architect. 

 

3.6 Protect installed fixtures from damage during remainder of construction period. 

 

3.7 Upon completion of installation of plumbing fixtures and after units are water 

pressurized, test fixtures to demonstrate capability and compliance with requirements.  

When possible, correct malfunctioning units at site, then retest to demonstrate 

compliance; otherwise, remove and replace with new units and proceed with retesting. 

 

3.8 Inspect each installed unit for damage to finish.  If feasible, restore and match finish to 

original at site; otherwise, remove fixture and replace with new unit.  Feasibility and 

match to be judged by Architect/Engineer.  Remove cracked or dented units and 

replace with new units. 

 

3.9 Clean plumbing fixtures, trim, aerators, and strainers of dirt and debris upon 

completion of installation. 

 

3.10 Adjust water pressure at drinking fountains, faucets, and flush valves to provide proper 

flow stream and specified gpm. 

 

3.11 Adjust or replace washers to prevent leaks at faucets and stops. 

END OF SECTION 22 30 00 
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SECTION 23 01 00 - MECHANICAL GENERAL  

        

1 GENERAL 

 

1.1 The work covered by this division consists of providing all labor, equipment and 

materials and performing all operations necessary for the installation of the mechanical 

work as herein called for and shown on the drawings.   

 

1.2 Related Documents: 

 

1.2.1 Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 1 Specification sections, apply to work of this 

section. 

 

1.2.2 This is a Basic Mechanical Requirements Section.  Provisions of this section apply to 

work of all Division 23 sections. 

 

1.2.3 Review all other contract documents to be aware of conditions affecting work herein. 

 

1.2.4  This project will be commissioned.  Refer to specification section 23 08 00 Mechanical 

Systems Commissioning for additional requirements applying to work of this section. 

 

1.2.5 Definitions: 

 

1.2.5.1 Provide:  Furnish and install, complete and ready for intended use. 

 

1.2.5.2 Furnish:  Supply and deliver to project site, ready for subsequent requirements. 

 

1.2.5.3 Install:  Operations at project site, including unloading, unpacking, assembly, erection, 

placing, anchoring, applying, working to dimension, finishing, curing, protecting, 

cleaning, and similar requirements. 

 

1.3 Permits and Fees:  Contractor shall obtain all necessary permits, meters, and 

inspections required for his work and pay all fees and charges incidental thereto. 

 

1.4 Verification of Owner's Data:  Prior to commencing any work the Contractor shall 

satisfy himself as to the accuracy of all data as indicated in these plans and 

specifications and/or as provided by the Owner.  Should the Contractor discover any 

inaccuracies, errors, or omissions in the data, he shall immediately notify the 

Architect/Engineer in order that proper adjustments can be anticipated and ordered.  

Commencement by the Contractor of any work shall be held as an acceptance of the 
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data by him after which time the Contractor has no claim against the Owner resulting 

from alleged errors, omissions or inaccuracies of the said data. 

 

1.5 Delivery and Storage of Materials:  Materials delivered to site shall be inspected for 

damage, unloaded, and stored with a minimum of handling.  All material shall be 

stored to provide protection from the weather and accidental damage. 

 

1.6 Extent of work is indicated by the drawings, schedules, and the requirements of the 

specifications.  Singular references shall not be constructed as requiring only one 

device if multiple devices are shown on the drawings or are required for proper system 

operation. 

 

1.7 Field Measurements and Coordination: 

 

1.7.1 The intent of the drawings and specifications is to obtain a complete and satisfactory 

installation.  Separate divisional drawings and specifications shall not relieve the 

Contractor or subcontractors from full compliance of work of his trade indicated on 

any of the drawings or in any section of the specifications. 

 

1.7.2 Verify all field dimensions and locations of equipment to insure close, neat fit with 

other trades' work.  Make use of all contract documents and approved shop drawings to 

verify exact dimension and locations. 

 

1.7.3 Coordinate work in this division with all other trades in proper sequence to insure that 

the total work is completed within contract time schedule and with a minimum cutting 

and patching. 

 

1.7.4 Locate all apparatus symmetrical with architectural elements.  Install to exact height 

and locations when shown on architectural drawings.  When locations are shown only 

on mechanical drawings, be guided by architectural details and conditions existing at 

job and correlate this work with that of others. 

 

1.7.5 Install work as required to fit structure, avoid obstructions, and retain clearance, 

headroom, openings and passageways.  Cut no structural members without written 

approval. 

 

1.7.6 Carefully examine any existing conditions, piping, and premises.  Compare drawings 

with existing conditions.  Report any observed discrepancies.  It shall be the 

Contractor's responsibility to properly coordinate the work and to identify problems in 

a timely manner. Written instructions will be issued to resolve discrepancies. 

 

1.7.7 Because of the small scale of the drawings, it is not possible to indicate all offsets and 

fittings or to locate every accessory. Drawings are essentially diagrammatic.  Study 

carefully the sizes and locations of structural members, wall and partition locations, 

trusses, and room dimensions and take actual measurements on the job.  Locate piping, 

ductwork, equipment and accessories with sufficient space for installing and servicing.  
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Contractor is responsible for accuracy of his measurements and for coordination with 

all trades.  Contractor shall not order materials or perform work without such 

verification.  No extra compensation will be allowed because field measurements vary 

from the dimensions on the drawings.  If field measurements show that equipment or 

piping cannot be fitted, the Architect/Engineer shall be consulted.  Remove and 

relocate, without additional compensation, any item that is installed and is later found 

to encroach on space assigned to another use. 

 

1.8 Guarantee: 

 

1.8.1 The Contractor shall guarantee labor, materials and equipment for a period of one (1) 

year from Final Completion, or from Owner's occupancy, whichever is earlier.  

Contractor shall make good any defects and shall include all necessary adjustments to 

and replacement of defective items without expense to the Owner. 

 

1.8.2 Owner reserves right to make emergency repairs as required to keep equipment in 

operation without voiding Contractor's Guarantee Bond nor relieving Contractor of his 

responsibilities during guarantee period. 

 

1.9 Approval Submittals: 

 

1.9.1 When approved, the submittal control log and submittals shall be an addition to the 

specifications herewith, and shall be of equal force in that no deviation will be 

permitted except with the approval of the Architect/Engineer. 

 

1.9.1.1 Shop drawings, product literature, and other approval submittals will only be reviewed 

if they are submitted in full accordance with the General and Supplementary 

Conditions and Division 1 Specification sections and the following. 

 

1.9.1.1.1 Submittals shall be properly organized in accordance with the approved submittal 

control log. 

 

1.9.1.1.2 Submittals shall not include items from more than one specification section in the same 

submittal package unless approved in the submittal control log. 

 

1.9.1.1.3 Submittals shall be properly identified by a cover sheet showing the project name, 

Architect and Engineer names, submittal control number, specification section, a list of 

products or item names with model numbers in the order they appear in the package, 

and spaces for approval stamps.  A sample cover sheet is included at the end of this 

section. 

 

1.9.1.1.4 Submittals shall have been reviewed and approved by the General Contractor (or 

Prime Contractor).  Evidence of this review and approval shall be an "Approved" 

stamp with a signature and date on the cover sheet. 
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1.9.1.1.5 Submittals that include a series of fixtures or devices (such as plumbing fixtures or 

valves) shall be organized by the fixture number or valve type and be marked 

accordingly.  Each fixture must include all items associated with that fixture regardless 

of whether or not those items are used on other fixtures. 

 

1.9.1.1.6 The electrical design shown on the drawings supports the mechanical equipment basis 

of design specifications at the time of design.  If mechanical equipment is submitted 

with different electrical requirements, it is the responsibility of the mechanical 

contractor to resolve all required electrical design changes (wire and conduit size, type 

of disconnect or overload protection, point(s) of connection, etc.) and clearly show the 

new electrical design on the mechanical submittal with a written statement that this 

change will be provided at no additional cost.  Mechanical submittals made with no 

written reference to the electrical design will be presumed to work with the electrical 

design.  Any corrections required will be at no additional cost. 

 

1.9.2 If the shop drawings show variation from the requirements of contract because of 

standard shop practice or other reasons, the Contractor shall make specific mention of 

such variation in writing in his letter of transmittal and on the submittal cover sheet in 

order that, if acceptable, Contractor will not be relieved of the responsibility for 

executing the work in accordance with the contract. 

 

1.9.3 Review of shop drawings, product literature, catalog data, or schedules shall not 

relieve the Contractor from responsibility for deviations from contract drawings or 

specifications, unless he has in writing called to the attention of the Architect/Engineer 

each such deviation in writing at the time of submission, nor shall it relieve him from 

responsibility for errors of any sort in shop drawings, product literature, catalog data, 

or schedules.  Any feature or function specified but not mentioned in the submittal 

shall be assumed to be included per the specification. 

 

1.9.4 Submit shop drawings as called for in other sections after award of the contract and 

before any material is ordered or fabricated.  Shop drawings shall consist of plans, 

sections, elevations and details to scale (not smaller than ¼" per foot), with dimensions 

clearly showing the installation.  Direct copies of small scale project drawings issued 

to the Contractor are not acceptable.  Drawings shall take into account equipment 

furnished under other sections and shall show space allotted for it.  Include 

construction details and materials.  

 

1.10 Test Reports and Verification Submittals:  Submit test reports, certifications and 

verification letters as called for in other sections.  Contractor shall coordinate the 

required testing and documentation of system performance such that sufficient time 

exists to prepare the reports, submit the reports, review the reports and take corrective 

action within the scheduled contract time. 

 

1.11 O&M Data Submittals:  Submit Operation and Maintenance data as called for in other 

sections.  When a copy of approval submittals is included in the O&M Manual, only 

the final “Approved” or “Approved as Noted” copy shall be used.  Contractor shall 
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organize these data in the O&M Manuals tabbed by specification number.  Prepare 

O&M Manuals as required by Division 1 and as described herein.  Submit manuals at 

the Substantial Completion inspection. 

 

2 PRODUCTS 

 

2.1 All materials shall be new or Owner-supplied reused as shown on the drawings, the 

best of their respective kinds, suitable for the conditions and duties imposed on them at 

the building and shall be of reputable manufacturers.  The description, characteristics, 

and requirements of materials to be used shall be in accordance with qualifying 

conditions established in the following sections. 

 

2.2 Equipment and Materials: 

 

2.2.1 Shall be new and the most suitable grade for the purpose intended.  Equipment 

furnished under this division shall be the product of a manufacturer regularly engaged 

in the manufacture of such items for a period of three years.  Where practical, all of the 

components shall be products of a single manufacturer in order to provide proper 

coordination and responsibility.  Where required, Contractor shall furnish proof of 

installation of similar units or equipment. 

 

2.2.2 Each item of equipment shall bear a name plate showing the manufacturer's name, 

trade name, model number, serial number, ratings and other information necessary to 

fully identify it.  This plate shall be permanently mounted in a prominent location and 

shall not be concealed, insulated or painted. 

 

2.2.3 The label of the approving agency, such as UL, IBR, ASME, ARI, AMCA, by which a 

standard has been established for the particular item shall be in full view. 

 

2.2.4 The equipment shall be essentially the standard product of a manufacturer regularly 

engaged in the production of such equipment and shall be a product of the 

manufacturer's latest design. 

 

2.2.5 A service organization with personnel and spare parts shall be available within two 

hours for each type of equipment furnished. 

 

2.2.6 Install in accordance with manufacturer's recommendations.  Place in service by a 

factory trained representative where required. 

 

2.2.7 Materials and equipment are specified herein by a single or by multiple manufacturers 

to indicate quality, material and type of construction desired.  Manufacturer's products 

shown on the drawings have been used as basis for design; it shall be the Contractor's 

responsibility to ascertain that alternate manufacturer's products, or the particular 

products of named manufacturers, meet the detailed specifications and that size and 

arrangement of equipment are suitable for installation. 
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2.2.8 Model Numbers:  Catalog numbers and model numbers indicated in the drawings and 

specifications are used as a guide in the selection of the equipment and are only listed 

for the contractor's convenience.  The contractor shall determine the actual model 

numbers for ordering materials in accordance with the written description of each item 

and with the intent of the drawings and specifications. 

 

2.3 Requests for Substitution: 

 

2.3.1 Where a particular system, product or material is specified by name, consider it as 

standard basis for bidding, and base proposal on the particular system, product or 

material specified. 

 

2.3.2 Requests by Contractor for substitution will be considered only when reasonable, 

timely, fully documented, and qualifying under one or more of the following 

circumstances. 

 

2.3.2.1 Required product cannot be supplied in time for compliance with Contract time 

requirements. 

 

2.3.2.2 Required product is not acceptable to governing authority, or determined to be non-

compatible, or cannot be properly coordinated, warranted or insured, or has other 

recognized disability as certified by Contractor. 

 

2.3.2.3 Substantial cost advantage is offered Owner after deducting offsetting disadvantages 

including delays, additional compensation for redesign, investigation, evaluation and 

other necessary services and similar considerations. 

 

2.3.3 All requests for substitution shall contain a "Comparison Schedule" and clearly and 

specifically indicate any and all differences or omissions between the product specified 

as the basis of design and the product proposed for substitution.  Differences shall 

include but shall not be limited to data as follows for both the specified and substituted 

products: 

 

 Principal of operation. 

 Materials of construction or finishes. 

 Thickness of gauge of materials. 

 Weight of item. 

 Deleted features or items. 

 Added features or items. 

 Changes in other work caused by the substitution. 

 Performance curves. 

 

If the approved substitution contains differences or omissions not specifically called to 

the attention of the Architect/Engineer, the Owner reserves the right to require equal or 

similar features to be added to the substituted products (or to have the substituted 

products replaced) at the Contractor's expense. 



 

JRA #24849                                            MECHANICAL GENERAL 23 01 00 - 7 

 

3 EXECUTION 

 

3.1 Workmanship:  All materials and equipment shall be installed and completed in a first-

class workmanlike manner and in accordance with the best modern methods and 

practice.  Any materials installed which do not present an orderly and reasonably neat 

and/or workmanlike appearance, or do not allow adequate space for maintenance, shall 

be removed and replaced when so directed by the Architect/Engineer. 

 

3.2 Coordination: 

 

3.2.1 The Contractor shall be responsible for full coordination of the mechanical systems 

with shop drawings of the building construction so the proper openings and sleeves or 

supports are provided for piping, ductwork, or other equipment passing through slabs 

or walls. 

 

3.2.2 Any additional steel supports required for the installation of any mechanical 

equipment, piping, or ductwork shall be furnished and installed under the section of the 

specifications requiring the additional supports. 

 

3.2.3 It shall be the Contractor's responsibility to see that all equipment such as valves, 

dampers, filters and such other apparatus or equipment that may require maintenance 

and operation are made easily accessible, regardless of the diagrammatic location 

shown on the drawings. 

 

3.2.4 All connections to fixtures and equipment shown on the drawings shall be considered 

diagrammatic unless otherwise indicated by detail.  The actual connections shall be 

made to fully suit the requirements of each case and adequately provide for expansion 

and servicing. 

 

3.2.5 The contractor shall protect equipment, material, and fixtures at all times.  He shall 

replace all equipment, material, and fixtures which are damaged as a result of 

inadequate protection. 

 

3.2.6 Prior to starting and during progress of work, examine work and materials installed by 

others as they apply to work in this division.  Report conditions which will prevent 

satisfactory installation. 

 

3.2.7 Start of work will be construed as acceptance of suitability of work of others. 

 

3.3 Interruption of Service:  Before any equipment is shut down for disconnecting or tie-

ins, arrangements shall be made with the Architect/Engineer and this work shall be 

done at the time best suited to the Owner.  This will typically be on weekends and/or 

holidays and/or after normal working hours.  Services shall be restored the same day 

unless prior arrangements are made.  All overtime or premium costs associated with 

this work shall be included in the base bid. 
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3.4 Phasing:  Provide all required temporary valves, piping, ductwork, equipment and 

devices as required.  Maintain temporary services to areas as required.  Remove all 

temporary material and equipment on completion of work unless Engineer concurs that 

such material and equipment would be beneficial to the Owner on a permanent basis. 

 

3.5 Cutting and Patching:  Notify General Contractor to do all cutting and patching of all 

holes, chases, sleeves, and other openings required for installation of equipment 

furnished and installed under this section.  Utilize experienced trades for cutting and 

patching.  Obtain permission from Architect/Engineer before cutting any structural 

items. 

 

3.6 Equipment Setting:  Bolt equipment directly to concrete pads or vibration isolators as 

required, using hot-dipped galvanized anchor bolts, nuts and washers.  Level 

equipment. 

 

3.7 Painting:  Touch-up factory finishes on equipment located inside and outside shall be 

done under Division 23.  Obtain matched color coatings from the manufacturer and 

apply as directed.  If corrosion is found during inspection on the surface of any 

equipment, clean, prime, and paint, as required. 

 

3.8 Clean-up:  Thoroughly clean all exposed parts of apparatus and equipment of cement, 

plaster, and other materials and remove all oil and grease spots.  Repaint or touch up as 

required to look like new.  During progress of work, contractor is to carefully clean up 

and leave premises and all portions of building free from debris and in a clean and safe 

condition.   

 

3.9 Start-up and Operational Test:  Start each item of equipment in strict accordance with 

the manufacturer's instructions; or where noted under equipment specification, start-up 

shall be done by a qualified representative of the manufacturer.  Alignment, 

lubrication, safety, and operating control shall be included in start-up check. 

 

3.10 Climate Control:  Operate heating and cooling systems as required after initial startup 

to maintain temperature and humidity conditions to avoid freeze damage and warping 

or sagging of ceilings and carpet.   

 

3.11 Record Drawings: 

 

3.11.1 During the progress of the work the Contractor shall record on their field set of 

drawings the exact location, as installed, of all piping, ductwork, equipment, and other 

systems which are not installed exactly as shown on the contract drawings. 

 

3.11.2 Upon completion of the work, record drawings shall be prepared as described in the 

General Conditions, Supplementary Conditions, and Division 1 sections. 

 

3.12 Acceptance: 
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3.12.1 Punch List:  Submit written confirmation that all punch lists have been checked and 

the required work completed. 

 

3.12.2 Instructions:  At completion of the work, provide a competent and experienced person 

who is thoroughly familiar with project, for one day to instruct permanent operating 

personnel in operation of equipment and control systems.  This is in addition to any 

specific equipment operation and maintenance training. 

 

3.12.3 Operation and Maintenance Manuals:  Furnish four complete manuals bound in ring 

binders with Table of Contents, organized, and tabbed by specification section.  

Manuals shall contain: 

 

 Detailed operating instructions and instructions for making minor adjustments. 

 Complete wiring and control diagrams. 

 Routine maintenance operations. 

Manufacturer's catalog data, service instructions, and parts lists for each piece of 

operating equipment. 

 Copies of approved submittals. 

 Copies of all manufacturer's warranties. 

 Copies of test reports and verification submittals. 

 

3.12.4 Record Drawings:  Submit record drawings. 

 

3.12.5 Test and Balance Report:  Submit four certified copies.  The Report shall be submitted 

for review prior to the Substantial Completion Inspection unless otherwise required by 

Division 1. 

 

3.12.6 Acceptance will be made on the basis of tests and inspections of job.  A representative 

of firm that performed test and balance work shall be in attendance to assist.  

Contractor shall furnish necessary mechanics to operate system, make any necessary 

adjustments and assist with final inspection. 

 

3.12.7 Control Diagrams:  Control diagrams, sequences, and panel wiring diagrams shall be 

laminated and attached to/contained within the DDC enclosure for each system 

 

 
END OF SECTION 23 01 00 
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SECTION 23 05 13 - ELECTRIC MOTORS    
         
1 GENERAL 
 
1.1 Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 1 Specifications Section apply to work of this 
Section. 

 
1.2 This section is a Division 23 Basic Mechanical Materials and Methods section, and is 

part of each Division 23 section making reference to motors specified herein. 
 
1.3 Extent of motors required by this section is indicated on drawings and/or specified in 

other Division-23 sections. 
 
1.4 Comply with the requirements of Division 26. 
 
1.5 UL Compliance:  Comply with applicable UL standards pertaining to motors. 
 
1.6 Approval Submittals:  
 
1.6.1 Product Data:  When required by other Division-23 sections, submit manufacturers 

standard product data sheets for each type of motor provided. Submit with Division-23 
section using the motors, not as a separate submittal.  Mark data sheet with arrows 
indicating product being supplied and list by unique descriptive name all motors to 
which each data sheet applies.  Clearly indicate type, service factor, rpm, duty cycle, 
voltage, phase, nominal full load efficiency, power factor and insulation class.  Field 
verify and coordinate mounting and frame requirements for matching the drive.      

 
1.7 O&M Data Submittals:  Submit a copy of approval submittals.  Submit operation and 

maintenance data for each type of motor.  Include these data in O&M Manual.  Submit 
two copies of nameplate data sheet for each motor.  One copy shall be included with 
the O&M Manual and a second copy shall be inserted in a waterproof pouch or bag 
and attached to the motor.  Nameplate data sheets shall be typed or neatly printed and 
shall include all data on the motor nameplate plus a unique motor description such as 
"AHU-3 Fan Motor", "Distribution Pump #1" or similar description.      

 
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, General 

Electric, Baldor, US Electric, or approved equal. 
 
2.2 General: 
 
2.2.1 Motors shall conform to applicable portions of NEMA Standard MG-1, Motors and 

Generators. 
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2.2.2 Motors shall be sized for the application such that when the driven equipment is 
operated at rated capacity the motor current will not exceed the full-load nameplate 
current.  Service factor shall not be used in normal operation. 

 
2.3 Motor Design: 
 
2.3.1 Integral Horsepower Motors:     
 
2.3.1.1 Motors shall be open drip-proof or totally enclosed fan cooled as shown on the 

drawings or listed in the Division 23 section requiring motors. 
 
2.3.1.2 Motors shall be three phase, 60 hertz, nominal 1800 rpm, rated at 200 volts for 208 

volt systems, 230 volts for 240 volt systems and 460 volts for 480 volt systems. 
 
2.3.1.3 Motors shall be NEMA Design B and shall have 1.15 service factor or greater at 60 

hertz. 
 
2.3.1.4 Insulation Systems 
 
2.3.1.4.1 In fixed speed applications, motors shall have Class B insulation with 80ºC rise over 

40ºC ambient. 
 
2.3.1.4.2 For variable frequency drive (VFD) applications, motors shall have Class F insulation 

with 105ºC rise over 40ºC ambient.  Motor manufacturer shall identify motors being 
used for VFD applications by marking the motor with a stainless steel name-plate 
“Inverter Ready”.   

 
2.3.1.5 Motor efficiencies shall be based on IEEE-112, 1984, Test Method B, as specified in 

NEMA Standard MG1-12.53.  NEMA motor efficiency and power factor shall be 
clearly shown on the motor nameplate.  Inverter duty motors shall have a CIV rating 
based on NEMA.  

 
2.3.1.6 Motors shall be premium efficiency type and shall meet or exceed the following 

minimum nominal efficiencies at rated voltage. 
 
 230/460 VOLT, 3 PHASE

 
HORSEPOWER 

RANGE 

MINIMUM 
NOMINAL 

EFFICIENCY 

MINIMUM 
ACCEPTABLE 

POWER FACTOR 
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1 to 2 hp 
3 to 5 hp 
7.5 hp 
10 hp 
15 hp 
20 to 25 hp 
30 hp 
40 to 50 hp 
60 hp 
75 hp 
100 to 125 hp 
150 to 200 hp 
over 200 hp 

84.0 pct. 
87.5 pct. 
89.5 pct. 
90.2 pct. 
91.0 pct. 
92.0 pct. 
92.4 pct. 
93.0 pct. 
93.6 pct. 
94.1 pct. 
94.5 pct. 
95.0 pct. 
95.4 pct. 

75.0 pct 
77.0 pct 
80.0 pct 
80.0 pct 
82.0 pct 
82.0 pct 
82.0 pct 
85.0 pct 
85.0 pct 
85.0 pct 
85.0 pct 
85.0 pct 
87.0 pct 
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 200 VOLT, 3 PHASE 

 
HORSEPOWER 

RANGE 

MINIMUM 
NOMINAL 

EFFICIENCY 

MINIMUM 
ACCEPTABLE 

POWER FACTOR 

1 to 2 hp 
3 to 5 hp 
7.5 hp 
10 hp 
15 hp 
20 to 25 hp 

84.0 pct. 
87.5 pct. 
89.5 pct. 
90.2 pct. 
91.0 pct. 
92.0 pct. 

75.0 pct 
77.0 pct 
80.0 pct 
80.0 pct 
80.0 pct 
80.0 pct 

 
2.3.1.7 Motors 25 hp and larger which are to be installed outdoors or in other high humidity 

areas shall be equipped with silicone rubber space heaters.  Space heaters shall be 
energized when motor is de-energized. 

 
2.3.2 Fractional Horsepower Motors one-half hp and above: 
 
2.3.2.1 Motors shall be open drip-proof or totally enclosed fan cooled as shown on the 

drawings or listed in the Division 23 section requiring motors. 
 
2.3.2.2 Motors shall be three phase, 60 hertz, nominal 1800 rpm, rated at 200, 230 or 460 

volts as shown on the drawings. 
 
2.3.2.3 Motors shall be NEMA Design B with class B insulation, unless used with variable 

frequency drives. 
 
2.3.3 Fractional Horsepower Motors less than one-half hp:  
 
2.3.3.1 Motors shall be single phase, 60 hertz, rated at 120 volts with integral thermal 

protection. 
 
2.4 Overload Protection:  Properly sized overload protection shall be provided for each 

motor.  This protection may be an integral part of the motor or may be part of the 
motor controller and shall interrupt each ungrounded conductor. 

 
3 EXECUTION 
 
3.1 Motor Size and Location: 
 
3.1.1 Size and location of motors shown on the drawings are based on a particular design 

and may change with a different manufacturer.  Submittal of shop drawings or product 
literature indicating motor sizes or locations different from that designed indicates that 
Contractor has fully coordinated any required changes to the electrical system with 
other trades.  Approval (if made) is on this basis and no additional cost will be allowed 
for any changes. 

 
3.1.2 Contractor shall verify and make any necessary adjustments to electrical service, 

branch circuit wiring, branch circuit protection, overload protection, disconnect and 
controller (starter), or VFD based on actual nameplate data of the motors supplied 
prior to installation.  Where applicable, connect motor winding thermostat to VFD.  
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3.2 Motor Voltages:  Contractor shall field verify system voltage prior to ordering or 

installing any motors.  Submittal of shop drawings or product literature indicating 
motor voltages indicates that Contractor has fully coordinated the motor with the 
electrical system and that any discrepancies have been resolved.  Approval (if made) is 
on this basis and no additional cost will be allowed for any changes. 

 
3.3 Motor Mounting:  Adjust motor mounting as required to adjust the drive train for 

proper belt operation and to accommodate sheave changes or other requirements of the 
test and balance work. 

 
END OF SECTION 23 05 13 
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CONSTRUCTION DOCUMENTS 
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SECTION 23 05 19 - METERS AND GAUGES     

  

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-23 section making reference to or requiring meters and gauges 

specified herein. 

 

1.3 Extent of meters and gauges required by this section is indicated on drawings and/or 

specified in other Division-23 sections. 

 

1.4 UL Compliance:  Comply with applicable UL standards pertaining to meters and gauges. 

 

1.5 ANSI and ISA Compliance:  Comply with applicable portions of ANSI and Instrument 

Society of America (ISA) standards pertaining to construction and installation of meters 

and gauges. 

 

1.6 Approval Submittals:   

 

1.6.1 Product Data:  When required by other Division-23 sections, submit manufacturer's 

technical product data for each type of meter and gauge.  Submit with Division-23 

section using meters and gauges, not as a separate submittal.  Include scale range, ratings, 

and calibrated performance curves, certified where indicated.  Submit for: 

 

 Thermometers 

 Pressure gauges 

 Gauge connector plugs 

 Venturi flow meters 

 Automatic balancing valves    

 

1.7 O&M Data Submittals:  Submit a copy of approval submittals.  Submit calibration curves 

and operating instructions for each type of meter or gauge.  Include this data in O&M 

Manual.     

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers (Thermometers and Pressure Gauges):  Subject to compliance 

with requirements, Ashcroft, Ernst Gauge Company, Weksler, Marshalltown Instruments, 
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Trerice, Weiss Instruments, Wheatley, Fluidyne or approved equal. 

 

2.2 Glass Thermometers:  

 

2.2.1 General:  Provide glass thermometers of materials, capacities, and ranges indicated, 

designed and constructed for use in service indicated. 

 

2.2.2 Case:  Die cast aluminum finished in baked epoxy enamel, glass front, spring secured, 9" 

long. 

 

2.2.3 Adjustable Joint:  Die cast aluminum, finished to match case, 180° adjustment in vertical 

plane, 360° adjustment in horizontal plane, with locking device. 

 

2.2.4 Tube and Capillary:  Liquid filled, magnifying lens, 1% scale range accuracy, shock 

mounted. 

  

2.2.5 Scale:  Satin faced, non-reflective aluminum, permanently etched markings. 

 

2.2.6 Stem:  Copper-plated steel or brass for separable socket, length to suit installation. 

 

2.2.7 Range:  Conform to the following: 

 

2.2.7.1 Chilled Water:  30° - 180°F with 2°F scale divisions. 

 
2.3 Thermometer Wells:  Provide thermometer wells constructed of brass or stainless steel, 

pressure rated to match piping system design pressure.  Provide 2" extension for insulated 
piping.  Provide cap nut with chain fastened permanently to thermometer well if wells do 
not have a permanent instrument installed.  Same manufacturer as thermometers. 

 
2.4 Pressure Gauges: 
 
2.4.1 General:  Provide pressure gauges of materials, capacities, and ranges indicated, designed 

and constructed for use in service indicated. 
 
2.4.2 Type:  General use, 1% accuracy, ANSI B40.1 grade A, phosphor bronze bourdon type, 

bottom connection. 
 
2.4.3 Case:  Drawn steel or brass, glass lens, 4-½" diameter.  
 
2.4.4 Connector:  Brass with ¼" male NPT.   
 
2.4.5 Scale:  White coated aluminum with black scale. 
 
2.4.6 Range:  Select so that highest possible pressure does not exceed 75% of full scale. 
 
2.5 Pressure Gauge Cocks: 
 
2.5.1 General:  Provide ¼" ball valves for use as pressure gauge cocks. 
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2.5.2 Snubber:  ¼" brass bushing with corrosion resistance porous metal disc, through which 
pressure fluid is filtered.  Select disc material for fluid served and pressure rating. 

 
2.6 Gauge Connector Plugs: 
 
2.6.1 Provide temperature gauge connector plugs pressure rated for 500 psi and 200ºF.  

Construct of brass and finish in nickel-plate, equip with 1/2" NPT fitting, with self-
sealing valve core type neoprene gasketed orifice suitable for inserting 1/2" O.D. probe 
assembly from dial type insertion thermometer.  Equip orifice with gasketed screw cap 
and chain.  Provide extension, length equal to insulation thickness, for insulated piping.  
Pete's Plug or approved equal. 

 
2.6.2 Provide pressure gauge connector plugs pressure rated for 500 psi and 200ºF.  construct 

of brass and finish in nickel-plate, equip with 1/2" NPT fitting, with self-sealing valve 
core type neoprene gasketed orifice suitable for inserting 1/2" O.D. probe assembly from 
dial type insertion pressure gauge.  Equip orifice with gasketed screw cap and chain.  
Provide extension, length equal to insulation thickness, for insulated piping.  Pete's Plug 
or approved equal. 

 
2.6.3 Provide master test kit with hard plastic case including one 2-1/2" test gauge of suitable 

range, one gauge adapter probe, and one stem pocket testing thermometer (0ºF-220ºF). 

 
2.7  Shutoff and Manual Throttling Venturi Valves 

 
2.7.1   Pipe 2” and Smaller:  Provide as indicated, threaded brass manual throttling venturi valve 

with large diameter plated ball and PTFE seats.  Provide blowout proof stem with EPDM 
O-ring and PTFE packing with packing nut.  Provide 2” extended stem and measurement 
ports with caps.   
 

2.7.2  Pipe Larger than 2”:  Provide as indicated, flanged steel manual throttling venturi valve 
with full lug type butterfly valve body with EDPM seat and gasket, stainless steel stem 
and disc, and nylon bearings.  Provide 2” extended stem and measurement ports with 
caps.   
 

2.7.3  Acceptable Manufacturers:  Flow Design, Griswold, Bell & Gossett, NuTech.  
 
2.8 Automatic Balancing Valves: 
 
2.8.1 General:  Provide as indicated, threaded automatic balancing valves equipped with 

optional valve kits to measure the flow rate.  Valves shall utilize a stainless steel flow 
mechanism that is factory-set with ±5% accuracy.  The flow mechanism shall be 
removable with standard tools to change the flow rate setting. Provide dual hose meter 
kit.  Provide threaded mini’s for terminal unit coils.  Provide metal nameplate to indicate 
flow rate.  Provide valves with pre-formed polyurethane insulation suitable for use on 
heating and cooling systems. 

            
2.8.2 Acceptable Manufacturers:  Griswold, Bell & Gossett, , Flow Design Inc., NuTech 
 
3 EXECUTION 
 
3.1 Installation of Temperature Gauges: 
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3.1.1 General:  Install temperature gauges in vertical upright position, and tilt so as to be easily 

read by observer standing on floor. 
 
3.1.2 Locations:  Install in the following locations, and elsewhere as indicated: 
 
3.1.2.1 At inlet and outlet of each hydronic coil in air handling units. 
 
3.1.3 Thermometer Wells:  Install in piping tee where indicated, in vertical upright position.  

Thermometers shall have at least 75% of stem in moving fluid. 
 
3.1.4 Temperature Gauge Connector Plugs:  Install in piping tee where indicated, located on 

pipe at most readable position.  Secure cap. 
 
3.2 Installation of Pressure Gauges: 
 
3.2.1 General:  Install pressure gauges in piping tee with pressure gauge cock, located on pipe 

at most readable position. 
 
3.2.2 Locations:  Install in the following locations, and elsewhere as indicated: 
 
3.2.2.1 At suction and discharge of each pump. 
 
3.2.2.2 At discharge of each water pressure reducing valve. 
 
 
3.2.3 Pressure Gauge Cocks:  Install in piping tee with snubber.   
 
3.2.4 Pressure Gauge Connector Plugs:  Install in piping tee where indicated, located on pipe at 

most readable position.  Secure cap. 
 
3.3 Automatic Balancing Valves:  Install on piping in accordance with the manufacturer’s 

printed instructions.  Verify proper operation over full range of control valve and pump 
operation. 

 
3.4 Adjusting and Cleaning: 
 
3.4.1 Adjusting:  Adjust faces of meters and gauges to proper angle for best visibility. 
 
3.4.2 Cleaning:  Clean windows of meters and gauges and factory-finished surfaces.  Replace 

cracked or broken windows; repair any scratched or marred surfaces with manufacturer's 
touch-up paint. 

 
END OF SECTION 23 05 19 
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SECTION 23 05 20 - PIPES AND PIPE FITTINGS     

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22 and 23 section making reference to pipes and pipe fittings 

specified herein. 

 

1.3 Extent of pipes and pipe fittings required by this section is indicated on drawings 

and/or specified in other Division-21, 22, and 23 sections. 

  

1.4 Codes and Standards: 

 

1.4.1 Welding:  Qualify welding procedures, welders and operators in accordance with 

ASME B31.1, or ASME B31.9, as applicable, for shop and project site welding of 

piping work. 

 

1.4.2 Brazing:  Certify brazing procedures, brazers, and operators in accordance with ASME 

Boiler and Pressure Vessel Code, Section IX, for shop and job-site brazing of piping 

work. 

 

1.5 Test Report and Verification Submittals: 

 

 Submit welding certification for all welding installers. 

 Submit brazing certification for all brazing installers.    

 

2 PRODUCTS 

 

2.1 Piping Materials:  Provide pipe and tube of type, joint type, grade, size and weight 

(wall thickness or Class) indicated for each service.  Where type, grade or class is not 

indicated, provide proper selection as determined by Installer for installation 

requirements, and comply with governing regulations and industry standards. 

 

2.2 Pipe/Tube Fittings:  Provide factory-fabricated fittings of type, materials, grade, class 

and pressure rating indicated for each service and pipe size.  Provide sizes and types 

matching pipe, tube, valve or equipment connection in each case.  Where not otherwise 

indicated, comply with governing regulations and industry standards for selections, 

and with pipe manufacturer's recommendations where applicable. 
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2.3 Piping Materials/Products: 

 

2.3.1 Soldering Materials: 

 

2.3.1.1 Tin-Antimony (95-5) Solder:  ASTM B-32, Grade 95TA. 

 

2.3.1.2 Silver-Phosphorus Solder:  ASTM B-32, Grade 96TS. 

 

2.3.2 Pipe Thread Tape:  Teflon tape. 

 

2.3.3 Protective Coating:  Koppers Bitumastic No. 505 or equal. 

 

2.3.4 Gaskets for Flanged Joints:  ANSI B16.21; full-faced for cast iron flanges; raised-face 

for steel flanges, unless otherwise noted. 

 

2.3.5 Welding Materials:  Comply with Section II, Part C, ASME Boiler and Pressure Vessel 

Code for welding materials.  Materials shall be determined by installer to comply with 

installation requirements. 

 

2.3.6 Brazing Materials:  Silver content of not less than 15%.  Materials shall be determined 

by installer to comply with installation requirements. 

 

2.4 Copper Tube and Fittings: 

 

2.4.1 Copper Tube: 

 

2.4.1.1 Copper Tube:  ASTM B88; Type K or L as indicated for each service; hard-drawn 

temper unless specifically noted as annealed. 

 

2.4.1.2 ACR Copper Tube:  ASTM B280.   

 

2.4.2 Fittings: 

 

2.4.2.1 Wrought-Copper Solder-Joint Fittings:  ANSI B16.22. 

 

2.4.2.2 Copper Tube Unions:  Provide standard products recommended by manufacturer for 

use in service indicated. 

 

2.4.2.3 Cast-Copper Flared Tube Fittings:  ANSI B16.26. 

 

2.5 Steel Pipes and Pipe Fittings 

 

2.5.1 Pipes: 

 

2.5.1.1 Black Steel Pipe:  ASTM A-53 or A-120. 
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2.5.1.2 Galvanized Steel Pipe:  ASTM A-53 or A-120. 

 

2.5.1.3  Stainless Steel Pipe:  Type 304, ASTM A269 

 

2.5.2 Pipe Fittings: 

 

2.5.2.1 Threaded Cast Iron:  ANSI B16.4. 

 

2.5.2.2 Threaded Malleable Iron:  ANSI B16.3; plain or galvanized as indicated. 

 

2.5.2.3 Malleable Iron Threaded Unions:  ANSI B16.39; selected by installer for proper piping 

fabrication and service requirements including style, end connections, and metal-to-

metal seats (iron, bronze or brass); plain or galvanized as indicated. 

 

2.5.2.4 Threaded Pipe Plugs:  ANSI B16.14. 

 

2.5.2.5 Flanged Cast Iron:  ANSI B16.1, including bolting. 

 

2.5.2.6 Steel Flanges/Fittings:  ANSI B16.5, including bolting and gasketing. 

 

2.5.2.7 Wrought-Steel Buttwelding Fittings:  ANSI B16.9, except ANSI B16.28 for short 

radius elbows and returns, rated to match connected pipe. 

 

2.5.2.8 Pipe Nipples:  Fabricated from same pipe as used for connected pipe; except do not use 

less than schedule 80 pipe where length remaining unthreaded is less than 1 ½ inches, 

and where pipe size is less than 1 ½ inches, and do not thread nipples full length (no 

close-nipples). 

 

2.5.2.9  Stainless Steel Buttwelding Fittings:  ASTM A403  

 

2.6 Plastic Pipes and Fittings: 

 

2.6.1 Pipes: 

 

2.6.1.1 PVC DWV Pipe:  ASTM D-2665, Schedule 40. 

 

2.6.2 Fittings: 

 

2.6.2.1 PVC Solvent Cement:  ASTM D-2564. 

 

2.6.2.2 PVC DWV Socket:  ASTM D-2665. 

 

3 EXECUTION 

 

3.1 Installation 
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3.1.1 General:  Install pipes and pipe fittings in accordance with recognized industry 

practices which will achieve permanently-leak proof piping systems, capable of 

performing each indicated service without piping failure.  Install each run with 

minimum joints and couplings, but with adequate and accessible unions for 

disassembly and maintenance or replacement of valves and equipment.  Reduce sizes 

(where indicated) by use of reducing fittings, not bushings.  Align piping accurately at 

connections, within 1/16" misalignment tolerance. 

 

3.1.2 Comply with ANSI B31 Code for Pressure Piping. 

 

3.1.3 Locate piping runs, except as otherwise indicated, vertically and horizontally (pitched 

to drain) and avoid diagonal runs wherever possible.  Orient horizontal runs parallel 

with walls and column lines.  Locate runs as shown or described by diagrams, details 

and notations or, if not otherwise indicated, run piping in shortest route which does not 

obstruct usable space or block access for servicing building and its equipment.  Hold 

piping close to walls, overhead construction, columns and other structural and 

permanent-enclosure elements of building; limit clearance to ½" where furring is 

shown for enclosure or concealment of piping, but allow for insulation thickness, if 

any.  Where possible, locate insulated piping for 1" clearance outside insulation.   

 

3.1.4 Concealed Piping:  Unless specifically noted as “Exposed” on the drawings, conceal 

piping from view in finished and occupied spaces, by locating in column enclosures, 

chases, in hollow wall construction or above suspended ceilings; do not encase 

horizontal runs in solid partitions, except as indicated. 

 

3.1.5 Electrical Equipment Spaces:  Do not run piping through transformer vaults and other 

electrical, communications, or data equipment spaces and enclosures unless shown.  

Install drip pan under piping that must run through electrical spaces. 

 

3.1.5.1 Cut pipe from measurements taken at the site, not from drawings.  Keep pipes free of 

contact with building construction and installed work. 

 

3.2 Piping System Joints:  Provide joints of the type indicated in each piping system. 

 

3.2.1 Solder copper tube-and-fitting joints where indicated, in accordance with recognized 

industry practice.  Cut tube ends squarely, ream to full inside diameter, and clean 

outside of tube ends and inside of fittings.  Apply non-acid type 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. 

 

3.2.2 Thread pipe in accordance with ANSI B2.1; cut threads full and clean using sharp dies.  

Ream threaded ends to remove burrs and restore full inside diameter.  Apply pipe joint 

compound, or pipe joint tape (Teflon) where recommended by pipe/fitting 
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manufacturer, on male threads at each joint and tighten joint to leave not more than 3 

threads exposed.  Paint exposed threads to retard rusting. 

 

3.2.3 Flanged Joints:  Match flanges within piping system, and at connection with valves 

and equipment.  Clean flange faces and install gaskets.  Tighten bolts to provide 

uniform compression of gaskets.  Bolts shall project 1/8" to 3/8" beyond nut face when 

tight. 

 

3.2.4 Weld pipe joints in accordance with recognized industry practice and as follows.  Be 

guided by ANSI B.31. 

 

3.2.4.1 Weld pipe joints only when ambient temperature is above 0°F. 

 

3.2.4.2 Bevel pipe ends at a 37.5° angle where possible, smooth rough cuts, and clean to 

remove slag, metal particles and dirt. 

 

3.2.4.3 Use pipe clamps or tack-weld joints; 4 welds for pipe sizes to 10".  All welds shall be 

open-butt. 

 

3.2.4.4 Build up welds with root pass, followed by filler pass and then a cover pass.  Eliminate 

valleys at center and edges of each weld.  Weld by procedures which will ensure 

elimination of unsound or unfused metal, cracks, oxidation, blow-holes and non-

metallic inclusions. 

 

3.2.4.5 Do not weld-out piping system imperfections by tack-welding procedures; refabricate 

to comply with requirements. 

 

3.2.4.6 At Installer's option, install forged branch-connection fittings wherever branch pipe is 

less than 3" and at least two pipe sizes smaller than main pipe indicated; or install 

regular "T" fitting.  Weld-O-Let or equal. 

 

3.2.5 Plastic Pipe Joints:  Comply with manufacturer's instructions and recommendations, 

and with applicable industry standards. 

 

3.2.5.1 Solvent-cemented joints shall be made in accordance with ASTM D-2235 and ASTM 

F-402. 

 

3.2.5.2 PVC sewer pipe bell/gasket joints shall be installed in accordance with ASTM D-2321. 

 

3.2.6 Braze copper tube-and-fitting joints where indicated, in accordance with ANSI B.31. 

 

3.3 Piping Installation 

 

3.3.1 Install piping to allow for expansion and contraction. 
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3.3.2 Isolate all copper tubing from steel and concrete by wrapping the pipe at the contact 

point, and for one inch on each side, with a continuous plastic sleeve.  Isolate all 

copper tubing installed in block walls with a continuous plastic sleeve. 

 

3.3.3 Underground Piping: 

 

3.3.3.1 Provide plastic tape markers over all underground piping.  Provide copper wire over all 

underground plastic piping outside the building.  Locate markers 18" above piping. 

 

3.3.3.2 Provide an 8 mil polyvinyl sleeve for the following types of pipe buried underground:  

black steel pipe, galvanized steel pipe, copper tubing.  

 

END OF SECTION 23 05 20 
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SECTION 23 05 21 - PIPING SPECIALTIES   

 

1 GENERAL 

         

1.1 Drawings and general provisions of contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22, and 23 section making reference to or requiring piping 

specialties specified herein. 

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated piping specialties recommended by manufacturer 

for use in service indicated.  Provide piping specialties of types and pressure ratings 

indicated for each service, or if not indicated, provide proper selection as determined 

by Installer to comply with installation requirements.  Provide sizes as indicated, and 

connections, which properly mate with pipe, tube, and equipment connections.  Where 

more than one type is indicated, selection is Installer's option. 

 

2.2 Escutcheons: 

 

2.2.1 General:  Provide pipe escutcheons as specified herein with inside diameter closely 

fitting pipe outside diameter, or outside of pipe insulation where pipe is insulated.  

Select outside diameter of escutcheon to completely cover pipe penetration hole in 

floors, walls, or ceilings; and pipe sleeve extension, if any.  Furnish pipe escutcheons 

with nickel or chrome finish for occupied areas, prime paint finish for unoccupied 

areas. 

 

2.2.2 Pipe Escutcheons for Moist Areas:  For waterproof floors, and areas where water and 

condensation can be expected to accumulate, provide cast brass or sheet brass 

escutcheons, solid or split hinged. 

 

2.2.3 Pipe Escutcheons for Dry Areas:  Provide sheet steel escutcheons, solid or split hinged. 

 

2.3 Dielectric Unions:  Provide standard products recommended by manufacturer  for use 

in service indicated, which effectively isolate ferrous from non-ferrous piping 

(electrical conductance), prevent galvanic action and stop corrosion.  . 

 

2.4 Fire Barrier Penetration Seals: 
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2.4.1 Provide seals for any opening through fire-rated walls, floors, or ceilings used as 

passage for mechanical components such as piping or ductwork in accordance with the 

requirements of Division 7. 

 

2.5 Fabricated Piping Specialties: 

 

2.5.1 Drip Pans:  Provide drip pans fabricated from corrosion-resistant sheet metal with 

watertight joints, and with edges turned up 2-1/2".  Reinforce top, either by structural 

angles or by rolling top over ¼" steel rod.  Provide hole, gasket, and flange at low 

point for watertight joint and 1" drain line connection. 

 

2.5.2 Pipe Sleeves:  Provide pipe sleeves of one of the following: 

 

2.5.2.1 Sheet-Metal:  Fabricate from galvanized sheet metal; round tube closed with snaplock 

joint, welded spiral seams, or welded longitudinal joint.  Fabricate from the following 

gages:  3" and smaller, 20 gage; 4" to 6" 16 gage; over 6", 14 gage. 

 

2.5.2.2 Steel-Pipe:  Fabricate from Schedule 40 galvanized steel pipe; remove burrs. 

 

2.5.2.3 Iron-Pipe:  Fabricate from cast-iron or ductile-iron pipe; remove burrs. 

 

2.5.3 Sleeve Seals:  Provide sleeve seals for sleeves located in foundation walls below grade, 

or in exterior walls, of one of the following: 

 

2.5.3.1 Caulking and Sealant:  Provide foam or caulking and sealant compatible with piping 

materials used. 

 

2.6 Low Pressure Y-Type Pipeline Strainers: 

 

2.6.1 General:  Provide strainers full line size of connecting piping, with ends matching 

piping system materials.  Provide Type 304 stainless steel screens. 

 

2.6.1.1 Water Strainers:  Select for 200 psi working pressure (water, oil or gas).  Provide 20 

mesh screens through 2" size and 1/16" perforations for 2½" size and larger. 

 

2.6.2 Select from the following types: 

 

2.6.2.1 Threaded Ends, 2" and Smaller:  Cast-iron body, screwed screen retainer with centered 

blowdown fitted with pipe plug. 

 

2.6.2.2 Threaded Ends, 2-1/2" and Larger:  Cast-iron body, bolted screen retainer with off-

center blowdown fitted with pipe plug. 

 

2.6.2.3 Flanged Ends, 2-1/2" and Larger:  Cast-iron body, bolted screen retainer with off-

center blowdown fitted with pipe plug. 
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3 EXECUTION 

 

3.1 Pipe Escutcheons:  Install pipe escutcheons on each pipe penetration through floors, 

walls, partitions, and ceilings where penetration is exposed to view; and on exterior of 

building.  Secure escutcheon to pipe or insulation so escutcheon covers penetration 

hole, and is flush with adjoining surface. 

 

3.2 Dielectric Unions:  Install at each piping joint between ferrous and non-ferrous piping.  

Comply with manufacturer's installation instructions. 

 

3.3 Fire Barrier Penetration Seals:  Provide pipe sleeve as required.  Fill entire opening 

with sealing compound.  Adhere to manufacturer's installation instructions. Refer to 

Division 7. 

 

3.4 Drip Pans:  Locate drip pans under piping passing over or within 3' horizontally of 

electrical equipment, and elsewhere as indicated.  Hang from structure with rods and 

building attachments, weld rods to sides of drip pan.  Brace to prevent sagging or 

swaying.  Connect 1" drain line to drain connection, and run to nearest plumbing drain 

or elsewhere as indicated. 

 

3.5 Pipe Sleeves:  Install pipe sleeves of types indicated where piping passes through 

walls, floors, ceilings, and roofs.  Do not install sleeves through structural members of 

work, except as detailed on drawings, or as reviewed by Architect/Engineer.  Install 

sleeves accurately centered on pipe runs.  Size sleeves so that piping and insulation (if 

any) will have free movement in sleeve, including allowance for thermal expansion; 

but not less than 2 pipe sizes larger than piping run.  Where insulation includes vapor-

barrier jacket, provide sleeve with sufficient clearance for installation.  Install length of 

sleeve equal to thickness of construction penetrated, and finish flush to surface; except 

floor sleeves.  Extend floor sleeves ¼" above level floor finish, and ¾" above floor 

finish sloped to drain.  Provide temporary support of sleeves during placement of 

concrete and other work around sleeves, and provide temporary closure to prevent 

concrete and other materials from entering sleeves. 

 

3.5.1 Install sleeves in fire-rated assemblies in accordance with the listing of the assembly 

and the fire barrier sealant. 

 

3.5.2 Install sheet-metal sleeves at interior partitions and ceilings other than suspended 

ceilings.  Fill annular space with caulking or fire barrier sealant as required. 

  

3.5.3 Install steel-pipe sleeves at floor penetrations.  Fill annular space with caulking or fire 

barrier sealant as required. 

 

3.5.4 Install iron-pipe sleeves at all foundation wall penetrations and at exterior penetrations; 

both above and below grade.  Fill annular space with caulking or mechanical sleeve 

seals. 
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3.6 Y-Type Strainers:  Install Y-type strainers full size of pipeline, in accordance with 

manufacturer's installation instructions.  Install pipe nipple and shutoff valve in strainer 

blow down connection, full size of connection, except for strainers ¾" and smaller 

installed ahead of control valves feeding individual terminals.  Where indicated, 

provide drain line from shutoff valve to plumbing drain, full size of blow down 

connection. 

 

3.7 Locate Y-type strainers in supply line ahead of the following equipment, and 

elsewhere as indicated, if integral strainer is not included in equipment: 

 

 Pumps 

 Temperature control valves. 

 Pressure reducing valves. 

 Temperature or pressure regulating valves. 

 

END OF SECTION 23 05 21
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SECTION 23 05 22 - FUSIOLEN PP-R PIPING 

 

1. GENERAL 

 

1.1. SUMMARY 

 

1.1.1. This Section includes pipe and fitting materials, joining methods and specialty items 

for the following: 

 

1.1.1.1. Condenser Water piping. 

1.1.1.2. Chilled water piping 

1.1.1.3. Heating hot water piping 

 

1.2. RELATED SECTIONS 

 

1.2.1. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions, Section 00800 and Section 00900 and Division 1 

Specification sections apply to work of this section. 

 

1.2.2.  Refer to other Division 23 sections for insulation requirements.  All heating hot water 

and chilled water piping shall be insulated. 

 

1.3.  REFERENCE DOCUMENTS 

 

1.3.1. ASTM F 2389-07 - Standard Specification for Pressure-rated Polypropylene (PP) 

Piping Systems 

 

1.3.2. CSA B137.11 - Polypropylene (PP-R) Pipe and Fittings for Pressure Applications 

 

1.3.3. NSF/ANSI 14 – Plastic Piping System Components and Related Materials 

 

1.3.4. DIN-DVS 2207-11 2017 – Welding thermoplastic materials – Heated element welding 

of pipes, piping parts and panels made of polypropylene 

 

1.4. DEFINITIONS 

 

1.4.1. Definitions shall be in accordance with local mechanical codes and ASTM F 2389. 

 

1.5. SUBMITTALS 
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1.5.1. Material list naming each product to be used identified by manufacturer and product 

number, in accordance with Section 01300. 

 

1.6.  QUALITY ASSURANCE 

 

1.6.1. Material shall be certified by NSF International as complying with NSF 14, and ASTM 

F 2389 or CSA B137.11. 

 

1.6.2. Material shall comply with manufacturer’s specifications. 

 

1.6.3. Special Engineered products shall be certified by NSF International as complying with 

NSF 14.   

 

2. PRODUCTS 

 

2.1. PIPE AND PIPING PRODUCTS 

 

2.1.1. Pipe shall be manufactured from a PP-R or PP-RP(RCT) resin (Fusiolen) meeting the 

short-term properties and long-term strength requirements of ASTM F 2389 or CSA 

B137.11.  The pipe shall contain no rework or recycled materials except that generated 

in the manufacturer's own plant from resin of the same specification from the same 

raw material.  All pipe shall be made in an extrusion process.  Hydronic hot water and 

heating piping shall contain a fiber layer (faser) to restrict thermal expansion.  All pipe 

shall comply with the rated pressure requirements of ASTM F 2389 or CSA B137.11. 

All pipe shall be certified by NSF International as complying with NSF 14, and ASTM 

F 2389 or CSA B137.11. 

 

2.1.2. Pipe shall be Aquatherm® Blue Pipe® MF®, or Blue Pipe® MF® RP RCT® 

available from Aquatherm, NA.  Although this specification references Aquatherm 

products, Niron Clima PP-RCT SDR 11 pipe with associated fittings, shall be allowed 

as equivalent.    

 

2.2. FITTINGS 

 

2.2.1. Fittings shall be manufactured from a PP-R resin (Fusiolen) meeting the short-term 

properties and long-term strength requirements of ASTM F 2389.  The fittings shall 

contain no rework or recycled materials except that generated in the manufacturer's 

own plant from resin of the same specification from the same raw material.  All 

fittings shall be certified by NSF International as complying with NSF 14, and ASTM 

F 2389 or CSA B137.11. 

 

2.2.2. Fittings shall be Aquatherm® Blue Pipe® MF®, or Blue Pipe® MF® RP RCT® 

available from Aquatherm, NA.  Fittings specifications and ordering information are 

available at www.aquatherm.com.  

 

2.3. WARRANTY 

http://www.aquatherm.com/
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2.3.1. Manufacturer shall warrant pipe and fittings for 10 years to be free of defects in 

materials or manufacturing.  

 

2.3.2. Warranty shall cover labor and material costs of repairing and/or replacing defective 

materials and repairing any incidental damage caused by failure of the piping system 

due to defects in materials or manufacturing.  

 

2.3.3. Warranty shall be in effect only upon submission by the contractor to the manufacturer 

valid pressure/leak test documentation indicating that the system was tested and passed 

the manufacturer’s pressure/leak test.  

 

2.4. VALVES 

 

2.4.1. Valves shall be manufactured in accordance with the manufacturer’s specifications and 

shall comply with the performance requirements of ASTM F 2389 or CSA B137.11.  

The valves shall contain no rework or recycled thermoplastic materials except that 

generated in the manufacturer's own plant from resin of the same specification from 

the same raw material.   

 

2.4.2. Valves shall be Aquatherm® available from Aquatherm, NA.  Valve specifications and 

ordering information are available at www.aquatherm.com.  

 

2.5. SMOKE AND FIRE RATINGS  

 

2.5.1. Where indicated on the drawings that a Plenum-rated Piping System is needed, the 

pipe shall be wrapped and/or insulated with standard fiberglass or mineral wool pipe 

insulation, field installed, with bare fittings no closer than every 6 ft. of pipe.  The 

pipe, wrap or insulation as a system shall meet the requirements of CAN/ULC-S102.2-

03 or ASTM E84. The system shall have a Flame Spread Classification of less than 25 

and Smoke Development rating of less than 50. 

 

2.6. UV PROTECTION  

 

2.6.1. Where indicated on the drawings that the pipe will be exposed to direct UV light for 

more than 30 days, it shall be provided with a Factory applied, UV-resistant coating or 

alternative UV protection. 

 

2.7. THERMAL AND VAPOR BARRIER    

 

2.7.1. Insulation materials furnished and installed hereunder should meet the minimum 

thickness requirements of American Society of Heating, Refrigeration, and Air 

Conditioning Engineers ASHRAE 90.1 (current edition), "Energy Efficient Design of 

New Buildings."  However, if other factors such as condensation control or personnel 

protection are to be considered, the selection of the thickness of insulation should 

satisfy the controlling factor. 

http://www.aquatherm.com/
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2.7.2. Where standard pipe insulation is indicated on the drawings or in these specifications, 

the contractor shall provide a thermal (radiant, conductive, and convective) and vapor 

barrier insulation. The insulation products shall be as indicated elsewhere in these 

specifications and submitted under that section.  

 

3. EXECUTION 

 

3.1. Heating Hot Water and Chilled Water Piping 

 

3.1.1. All heating hot water and chilled water piping, including underground, shall be 

polypropylene (PP-R) piping in SDR 11. 

 

3.1.2. Installers shall be trained and certified to install the pipe according to the 

manufacturer’s guidelines. Contact your local Aquatherm representative for training. 

 

3.1.3. Install listed pipe materials and joining methods below in the following applications: 

 

3.1.3.1. Underground:  Polypropylene (PP-R) piping in SDR 11 based on the required 

minimum pressure rating and use temperature, in accordance with manufacturer’s 

instructions and ASTM F2389. 

 

3.1.4. Installation must be accomplished with the proper tools for installing Aquatherm 

piping following manufacturer’s instructions. Installation tools are available from your 

local Aquatherm representative. Tools may be purchased or rented.  

 

3.1.5. Install hydronic piping level and plumb. 

 

3.1.6. Install piping indicated to be exposed and piping in equipment rooms and service areas 

at right angles or parallel to building walls.  Diagonal runs are prohibited unless 

specifically indicated otherwise. 

 

3.2. FUSION WELDING OF JOINTS 

 

3.2.1. Install fittings and joints using socket-fusion, elecrofusion, or butt-fusion as applicable 

for the fitting or joint type.  All fusion-weld joints shall be made in accordance with 

the pipe and fitting manufacturer’s specifications and product standards. 

 

3.2.2. Fusion-weld tooling, welding machines, and electrofusion devices shall be as specified 

by the pipe and fittings manufacturer. 

 

3.2.3. Prior to joining, the pipe and fittings shall be prepared in accordance with ASTM F 

2389 and the manufacturer’s specifications. 

 

3.2.4. Joint preparation, setting and alignment, fusion process, cooling times and working 

pressure shall be in accordance with the pipe and fitting manufacturer’s specifications. 
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3.3. PIPING INSTALLATIONS 

 

3.3.1. Fire stopping shall be provided to both be compatible with the Aquatherm Piping and 

meet the requirements of ASTM E 814 or ULC S115 , “Fire Tests of Through-

Penetration Firestops”.  Pipe insulations or fire resistive coating shall be removed 

where the pipe passes through a fire stop and, if required by the firestop manufacturer, 

for 3 inches beyond the firestop outside of the fire barrier.  

 

3.3.2. When installed in systems with pumps in excess of 7.5 HP, piping shall be protected 

from excessive heat generated by operating the pump at shut-off conditions.  Where 

the possibility exists that the pump will operate with no flow, the protection method 

shall be a temperature relief valve or comparable level of protection, set to a maximum 

temperature of 185°F.   

 

3.3.3. If heat tracing or freeze protection is specified for the piping, it should be installed on 

the pipe interior or exterior. It must be suitable for use with plastic piping and be self-

regulating to ensure that the surface temperature of the pipe and fittings will not 

exceed 70°C (158°F). 

 

3.4. HANGER AND SUPPORT INSTALLATION 

 

3.4.1. Comply with requirements for pipe hanger, support products, and installation in 

Section "Supports, Anchors, and Seals." 

 

3.4.1.1. Vertical Piping:  MSS Type 8 or 42, clamps. 

 

3.4.1.2. Individual, Straight, Horizontal Piping Runs: 

 

3.4.1.2.1. Adjustable, steel clevis hangers. 

 

3.4.1.2.2. Clamps on strut trapeze. 

 

3.4.1.2.3. Clamps on strut attached to structure. 

 

3.4.1.2.4. Clamps attached directly to the structure. 

 

3.4.1.2.5. Base of Vertical Piping:  MSS Type 52, spring hangers. 

 

3.4.2. Support vertical piping and tubing at base and at each floor. For piping 2” (63mm) or 

smaller, install mid-story guides. 

 

3.4.3. Install hangers and supports at intervals specified in the applicable Plumbing Code 

and/or as recommended by pipe manufacturer. 

 



JRA #24849                                                 FUSIOLEN PP – R PIPING 23 05 22 - 6 

3.4.4. Hangers and supports shall also be provided within 1-foot of every change of direction 

and within 1-foot of any pipe fittings and valves. 

 

3.4.5. For cold water piping supports and clamps may be bare metal. Ensure that the clamp or 

support does not have sharp edges that may scrape or gouge the piping. 

 

3.4.6. Use care when installing riser clamps to not over tighten the clamps to cause 

indentation of the pipe. Riser clamps shall be isolated from the building structure by 

placing felt or rubber pads between the clamp and the structure. 

 

3.4.7. All piping support materials shall be new and manufactured for the specific purpose of 

supporting systems, equipment, pipes and accessories. No improvised pipe support 

solutions shall be allowed. 

 

3.5. EXPANSION AND CONTRACTION 

 

3.5.1. Provide expansion and contraction controls, guides and anchors to take into account 

the expansion and contraction of the pipe. Provide expansion loops or offsets as 

required and as indicated in the manufacturer’s literature.  

 

3.5.1.1. While Aquatherm® MF® or MF®RCT® (faser) piping can absorb most of their own 

expansion stresses, this can cause the pipe to bow or bend.  

 

3.5.1.2. Install anchor points at least every 120 feet. 

 

3.5.1.3. Install expansion loop or offset between each anchor point. Expansion device must be 

able to absorb all the stresses between the two anchor points. Refer to manufacturer’s 

published instructions, formulas and calculations at www.aquatherm.com. 

 

3.5.1.4. Vertical risers of MF® piping shall be anchored at each floor. 

 

3.5.1.5. Provide anchor point at branch take-off in vertical riser of MF® piping. 

 

3.6. PRESSURE TESTING 

 

3.6.1. While still accessible all piping shall be pressure/leak tested to the manufacturer’s 

standards.  

 

3.6.2. Tests shall be carried out using water, compressed air or a mixture of the two. The test 

pressure shall be as indicated in the pressure leak testing procedures required by the 

manufacturer.   

 

3.6.3. Any leaks detected shall be repaired at the contractor’s expense by removing the 

leaking part and replacing with new parts welded per the pipe manufacturer’s 

guidelines. See www.aquatherm.com for additional details and forms. 
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3.7. INSPECTING AND CLEANING 

 

3.7.1. The pipes shall be flushed with cold water after finishing the installation. Flush the 

system until the water runs clear of debris and dirt.  

 

3.7.2. Inspect and test piping systems following procedures of authorities having jurisdiction 

and as specified by the piping system manufacturer. 

 

3.7.3. Clean and disinfect water distribution piping following procedures of the manufacturer 

and/or the authority having jurisdiction. 

 

END OF SECTION 23 05 22 
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SECTION 22 05 23 - VALVES   

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to the work of this section. 

 

1.2 This section is a Division-23 Basic Materials and Methods section, and is part of each 

Division-21, 22, and 23 section making reference to or requiring valves specified herein. 

 

1.3 Extent of valves required by this section is indicated on drawings and/or specified in 

other Division-21, 22, and 23 sections. 

 

1.4 Quality Assurance: 

 

1.4.1 Valve Dimensions:  For face-to-face and end-to-end dimensions of flanged or welding-

end valve bodies, comply with ANSI B16.10. 

 

1.4.2 Valve Types:  Provide valves of same type by same manufacturer. 

 

 

1.4.3 Valve Listing:  For valves on fire protection piping, provide UL listing.   

 

 

1.5 Approval Submittals:  Submit product data, catalog cuts, specifications, and dimensioned 

drawings for each type of valve.  Include pressure drop curve or chart for each type and 

size of valve.  Submit valves with Division-23 section using the valves, not as a separate 

submittal. For each valve, identify systems where the valve is intended for use. 

 

 Gate Valves.  Type GA. 

 Check Valves.  Type CK. 

 Ball Valves.  Type BA. 

 Butterfly Valves.  Type BF.     

 

1.6 O&M Data Submittals:  Submit a copy of approval submittals.  Submit installation 

instructions, maintenance data and spare parts lists for each type of valve.  Include this 

data in the O&M Manual.      

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated valves recommended by manufacturer for use in 
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service indicated.  Provide valves of types and pressure ratings indicated; provide proper 

selection as determined by Installer to comply with specifications and installation 

requirements.  Provide sizes as indicated, and connections which properly mate with 

pipe, tube, and equipment connections. 

 

2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide valves of 

one of the producers listed for each valve type.  The model numbers are listed for 

contractor’s convenience only.  In the case of a model number discrepancy, the written 

description shall govern. 

   

2.3 Gate Valves:  

 

2.3.1 Packing:  Select valves designed for repacking under pressure when fully opened, 

equipped with non-asbestos packing suitable for intended service.  Select valves designed 

so back seating protects packing and stem threads from fluid when valve is fully opened, 

and equipped with gland follower. 

 

2.3.2 Comply with the following standards: 

 

 Cast Iron Valves:  MSS SP-70.  Cast Iron Gate Valves, Flanged and Threaded Ends. 

 Bronze Valves:  MSS SP-80.  Bronze Gate, Globe, Angle and Check Valves. 

 Steel Valves:  ANSI B16.34.  Steel Standard Class Valve Ratings. 

 

2.3.3 Types of gate (GA) valves: 

 

1 Threaded Ends 2" and Smaller (GA1):  Class 125, bronze body, screwed bonnet, 

rising stem, solid wedge.  Stockham B-100.  Nibco T-111.  Crane 428.  

Milwaukee 148. 

 

2 Soldered Ends 2" and Smaller (GA2):  Class 125, bronze body, screwed bonnet, 

non-rising stem, solid wedge.  Stockham B-108 or B-109.  Nibco S-111.  Crane 

1334.  Milwaukee 149. 

 

3 Flanged Ends 2½" and Larger (GA3):  Class 125, iron body, bronze mounted, 

bolted bonnet, rising stem, OS&Y, solid wedge.  Stockham G-623.  Nibco F617-

0.  Crane 465½.  Milwaukee F2885. 

 

4 Threaded Ends 2" and Smaller (GA4):  Class 150, bronze body, screwed bonnet, 

rising stem, solid wedge.  Stockham B-122.  Nibco T-131.  Crane 431.  

Milwaukee 1150. 

 

5 Soldered Ends 2" and Smaller (GA5):  Class 150, bronze body, screwed bonnet, 

rising stem, solid wedge.  Stockham B-124.  Nibco S-134.  Milwaukee 1169. 

 

6 Threaded Ends 2" and Smaller (GA6):  175 WWP, bronze body, screwed bonnet, 

rising stem, OS&Y, solid wedge, UL-listed.  Stockham B-133.  Nibco T-104-0. 
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7 Flanged Ends 2½" and Larger (GA7):  175 WWP, iron body, bolted bonnet, rising 

stem, OS&Y, solid wedge, UL listed.  Stockham G-634.  Nibco F-607-0TS 

 

8 Threaded Ends 2" and Smaller (GA8):  Class 200, bronze body, union bonnet, 

rising stem, solid wedge, renewable seat.  Stockham B-132.  Nibco T-154-SS.  

Milwaukee 1174. 

 

9 Flanged Ends 2½" and Larger (GA9):  Class 250, iron body bronze mounted, 

bolted bonnet, rising stem, OS&Y, solid wedge.  Stockham F-667.  Nibco F-667-

0.  Crane 7½E.  Milwaukee F-2894. 

 

10 Threaded Ends 2" and Smaller (GA10):  Class 300, bronze body, union bonnet, 

rising stem, solid wedge, renewable seat.  Stockham B-145.  Nibco T-174-SS.  

Crane 634E.  Milwaukee 1184. 

 

11 Flanged Ends 2½" and Larger (GA11):  Class 300, cast steel body, bolted bonnet, 

rising stem, solid wedge, seal-welded seat rings.  Provide trim to match use.  

Stockham 30-0F.  Crane 33. 

 

12 Flanged Ends 2½" and Larger (GA12):  300 WWP, iron body, bolted bonnet, 

bronze mounted, rising stem, OS&Y, solid wedge, UL-listed.  Stockham F-670.  

Nibco F-697-0. 

 

2.4        Check Valves: 

 

2.4.1 Construction:  Construct valves of castings free of any impregnating materials.  Construct 

valves with a bronze regrinding disc with a seating angle of 40º to 45º, unless a 

composition disc is specified.  Provide stop plug as renewable stop for disc hanger, unless 

otherwise specified.  Disc and hanger shall be separate parts with disc free to rotate.  

Support hanger pins on both ends by removable side plugs. 

 

2.4.2 Comply with the following standards: 

 

 Cast Iron Valves:  MSS SP-71.  Cast Iron Swing Check Valves, Flanged and Threaded 

Ends. 

 Bronze Valves:  MSS SP-80.  Bronze Gate, Globe, Angle and Check Valves. 

 Steel Valves:  ANSI B16.34.  Steel Standard Class Valve Ratings. 

 

2.4.3 Types of check (CK) valves: 

 

1 Threaded Ends 2" and Smaller (CK1):  Class 125, bronze body, screwed cap, 

horizontal swing, bronze disc.  Stockham B-319.  Nibco T-413-BY.  Crane 1707.  

Milwaukee 509. 

 

2 Soldered Ends 2" and Smaller (CK2):  Class 125, bronze body, screwed cap, 
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horizontal swing, bronze disc.  Stockham B-309.  Nibco S-413-B.  Crane 1707S.  

Milwaukee 1509. 

 

3 Flanged Ends 2½" and Larger (CK3):  Class 125, iron body, bronze-mounted, 

bolted cap, horizontal swing, cast-iron or composition disc.  Stockham G-931 or 

G-932 as applicable.  Nibco F918-B.  Crane 373.  Milwaukee F2974 as 

applicable. 

 

4 Threaded Ends 2" and Smaller (CK4):  200 WWP, bronze body, screwed cap, 

horizontal swing, regrinding type bronze disc, for fire sprinkler use.  Nibco KT-

403-W. 

 

5 Flanged Ends 2½" and Larger (CK5): 175 WWP, iron body, bolted cap, bronze 

mounted, composition disc, UL listed, with ball drip if required. Stockham G-940. 

Nibco F-908-W. 

 

6 Threaded Ends 2" and Smaller (CK6):  Class 200, bronze body, screwed cap, Y-

pattern swing, regrinding bronze disc.  Stockham B-345.  Nibco T-453-B.  Crane 

36.  Milwaukee 518/508. 

 

7 Flanged Ends 2½" and Larger (CK7):  Class 250, iron body, bronze mounted, 

bolted cap, cast-iron disc.  Stockham F-947.  Nibco F-968-B.  Crane 39E.  

Milwaukee F2970. 

 

8 Threaded Ends 2" and Smaller (CK8):  Class 300, bronze body, screwed cap, Y-

pattern swing, regrinding bronze disc.  Stockham B-375.  Nibco T-473-B.  Crane 

76E.  Milwaukee 517/507. 

 

9 Flanged Ends 2½" and Larger (CK9):  Class 300, cast steel body, bolted cap, 

horizontal swing, seal welded seat rings, chromium stainless disc.  Stockham 30-

SF.  Crane 159. 

 

2.5        Ball Valves: 

  

2.5.1 General:  Select with port area equal to or greater than connecting pipe area, include seat 

ring designed to hold sealing material. 

 

2.5.2 Construction:  Ball valves shall be rated for 150 psi saturated steam and 600 psi non-

shock cold water.  Pressure containing parts shall be constructed of ASTM B-584 alloy 

844, or ASTM B-124 alloy 377.  Valves shall be furnished with blow-out proof bottom 

loaded stem constructed of ASTM B-371 alloy 694 or other approved low zinc material.  

Provide TFE packing, TFE thrust washer, chrome-plated ball and reinforced teflon seats.  

Valves 1" and smaller shall be full port design.  Valves 1¼" and larger shall be 

conventional port design.  Stem extensions shall be furnished for use in insulated piping 

where insulation exceeds ½” thickness. 
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2.5.3 Comply with the following standards: 

 

MSS SP-72.  Ball Valves with Flanged or Butt Welding Ends for General Service. 

MSS SP-110.  Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared 

Ends. 

 

2.5.4 Types of ball (BA) valves: 

          

1 Threaded Ends 2" and Smaller (BA1):  Bronze two-piece full port body with 

adjustable stem packing, stainless steel ball, trim, and handle.  Nibco T-585-66.  

Stockham T285-BR-R-T.  Milwaukee BA100S.  Apollo 77-100. 

 

2 Soldered Ends 2" and Smaller (BA2):  Bronze three-piece full port body with 

adjustable stem packing.   Nibco S-595-Y-66.  Milwaukee BA350.  Apollo 82-

200. 

 

3 Threaded Ends 1" and Smaller (BA3):  Bronze two-piece full port body, UL listed 

(UL 842) for use with flammable liquids and LP gas.  Nibco T-585-70-UL.  

 

4 Threaded Ends 2" and Smaller (BA4):  175 WWP, bronze two-piece body, UL 

listed for fire protection service.  Nibco KT-585-70-UL and KT-580-70-UL. 

 

5 Threaded Ends 2" and Smaller (BA5):  400 WWP, bronze two-piece body, for fire 

protection service.  Nibco KT-580. 

 

6 Threaded Ends 2½" and Smaller (BA6):  300 WWP, bronze three-piece body, 

gear operator with handwheel, indicator flag, accepts tamper switch, for fire 

protection, UL listed.  Nibco T-505-4 and G-505-4. 

 

7 Flanged Ends 2½” and Larger (BA7): Class 150, carbon steel full bore two-piece 

body with adjustable stem packing, stainless steel ball, trim, and handle.  Nibco 

F515-S6 series.  Apollo 88A-240. 

 

2.6        Butterfly Valves: 

 

2.6.1 General:  Comply with MSS SP-67, Butterfly Valves.  Provide butterfly valves designed 

for tight shut-off.  Where used for terminal or equipment removal or repair, select lug 

type valves.  Select wafer type valves for other applications.  Provide gear operators on 

all butterfly valves 6" and larger. 

 

2.6.2 Types of butterfly (BF) valves: 

 

1 Wafer Type 3" and Larger (BF1):  200 CWP, cast-iron body, lever-operated, 

cadmium-plated ductile iron disc, Type 410 stainless steel stem, EPT seat.  

Stockham LG-512.  Nibco WD 2110-3.  Crane 42-FXB-TL.  Milwaukee 

MW222E-8416. 
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2 Lug Type 3" and Larger (BF2):  200 CWP, cast-iron body, lever-operated, 

cadmium-plated ductile iron disc, Type 410 stainless steel stem, EPT seat.  

Stockham LG-712.  Nibco LD 2110-3.  Crane 44-FXB-TL.  Milwaukee ML132B-

8416. 

 

3 Wafer Type 3" and Larger (BF3):  150/200 CWP, cast-iron body, gear-operated, 

cadmium-plated ductile iron disc, Type 410 stainless steel stem, EPT seat.  

Stockham LG-522 and LG-521.  Nibco WD 2110-5.  Crane 42-FXB-G.  

Milwaukee MW 122B-8115. 

 

4 Lug Type 3" and Larger (BF4):  150/200 CWP, cast-iron body, gear-operated, 

cadmium-plated ductile iron disc, Type 410 stainless steel stem, EPT seat.  

Stockham LG-722 and LG-721.  Nibco LD 2110-5.  Crane 44-FXB-G.  

Milwaukee ML 132B-8115. 

 

5 Wafer Type 4" and Larger (BF5):  175 WWP, cast-iron body, gear-operated, 

nickel-plated ductile iron disc, Type 410 stainless steel stem, EPT seat, UL listed.  

Stockham LG-52U.  Nibco WD 3510-8. 

 

6 Lug Type 4" and Larger (BF6):  175 WWP, cast-iron body, gear-operated, nickel-

plated ductile iron or aluminum bronze disc, Type 410 stainless steel stem, EPT 

seat, UL listed.  Stockham LG-72U.  Nibco LD 3510-8. 

 

7 Grooved Type 4" and Larger (BF7):  175 WWP, cast-iron body, gear-operated, 

nickel-plated ductile iron or aluminum bronze disc, Type 410 stainless steel stem, 

EPT seat, UL listed.  Stockham LG-82U.  Nibco GD 1765-2. 

 

2.7        Valve Features: 

 

2.7.1 General:  Provide valves with features indicated and, where not otherwise indicated, 

provide proper valve features as determined by Installer for installation requirements.  

Comply with ANSI B31.1 

 

2.7.2 Valve features specified or required shall comply with the following: 

 

1 Bypass:  Comply with MSS SP-45, and except as otherwise indicated, provide 

manufacturer's standard bypass piping and valving.  Provide for gate valves 8" 

and larger. 

 

2 Drain:  Comply with MSS SP-45, and provide threaded pipe plugs complying 

with applicable Division-22 pipe or tube section.  Provide for gate valves 8" and 

larger. 

 

3 Flanged:  Provide valve flanges complying with ANSI B16.1 (cast iron), ANSI 

B16.5 (steel), or ANSI B16.24 (bronze). 
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4 Threaded:  Provide valve ends complying with ANSI B2.1. 

 

5 Solder-Joint:  Provide valve ends complying with ANSI B16.18. 

 

6 Trim:  Fabricate pressure-containing components of valve, including stems 

(shafts) and seats from brass or bronze materials, of standard alloy recognized in 

valve manufacturing industry unless otherwise specified. 

 

7 Non-Metallic Disc:  Provide non-metallic material selected for service indicated 

in accordance with manufacturer's published literature. 

 

8 Renewable Seat:  Design seat of valve with removable disc, and assemble valve 

so disc can be replaced when worn. 

 

9 Extended Stem:  Increase stem length by 2" minimum, to accommodate insulation 

applied over valve. 

 

10 Mechanical Actuator:  Provide factory-fabricated gears, gear enclosure, external 

chain attachment and chain designed to provide mechanical advantage in 

operating valve for all valves 4" and larger that are mounted more than 7'-0" 

above the floor, or are otherwise difficult to operate regardless of height. 

 

3 EXECUTION 

 

3.1 Installation: 

 

3.1.1 General:  Install valves where required for proper operation of piping and equipment, 

including valves in branch lines to isolate sections of piping.  Locate valves so as to be 

accessible and so that separate support can be provided when necessary.  Install valves 

with stems pointed up, in vertical position where possible, but in no case with stems 

pointed downward below horizontal plane. 

 

3.1.2 Insulation:  Where insulation is indicated, install extended-stem valves, arranged in 

proper manner to receive insulation. 

 

3.1.3 Applications Subject to Corrosion:  Do not install bronze valves and valve components in 

direct contact with steel, unless bronze and steel are separated by dielectric insulator. 

 

3.1.4 Mechanical Actuators:  Install mechanical actuators as recommended by valve 

manufacturer. 

 

3.2 Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select and 

install valves with the following ends or types of pipe/tube connections: 

 

3.2.1 Tube Size 2" and Smaller: Threaded valves.   
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3.2.2 Pipe Size 2" and Smaller:  Threaded valves. 

 

3.2.3 Pipe Size 2½" and Larger:  Flanged valves. 

 

3.3 Non-Metallic Disc:  Limit selection and installation of valves with non-metallic disc to 

locations indicated and where foreign material in piping system can be expected to 

prevent tight shutoff of metal seated valves. 

 

3.4 Renewable Seats:  Select and install valves with renewable seats, except where otherwise 

indicated. 

 

3.5 Installation of Check Valves:  Install in horizontal position with hinge pin horizontally 

perpendicular to center line of pipe.  Install for proper direction flow. 

 

END OF SECTION 23 05 23 
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SECTION 23 05 29 - SUPPORTS, ANCHORS, AND SEALS 

  

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Materials and Methods section, and is a part of 

each Division-21, 22, and 23 section making reference to or requiring supports, 

anchors, and seals specified herein. 

 

1.3 Extent of supports, anchors, and seals required by this section is indicated on drawings 

and/or specified in other Division-21, 22, and 23 sections. 

 

1.4 Code Compliance:  Comply with applicable codes pertaining to product materials and 

installation of supports, anchors, and seals. 

 

1.5 MSS Standard Compliance: 

 

1.5.1 Provide pipe hangers and supports of which materials, design, and manufacture 

comply with ANSI/MSS SP-58. 

            

1.5.2 Select and apply pipe hangers and supports, complying with MSS SP-69. 

 

1.5.3 Fabricate and install pipe hangers and supports, complying with MSS SP-89. 

 

1.5.4 Terminology used in this section is defined in MSS SP-90.  

 

1.6 UL  Compliance:  Provide products which are Underwriters Laboratories listed   . 

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide supports 

and hangers by Grinnel, Michigan Hanger Company, B-Line Systems, or approved 

equal. 

 

2.2 Horizontal-Piping Hangers and Supports:  Except as otherwise indicated, provide 

factory-fabricated horizontal-piping hangers and supports complying with ANSI/MSS 

SP-58, of one of the following MSS types listed, selected by Installer to suit 

horizontal-piping systems, in accordance with MSS SP-69 and manufacturer's 

published product information.  Use only one type by one manufacturer for each 
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piping service.  Select size of hangers and supports to exactly fit pipe size for bare 

piping, and to exactly fit around piping insulation with saddle or shield for insulated 

piping.  Provide copper-plated hangers and supports for copper-piping systems. 

 

2.2.1 Adjustable Steel Clevises:  MSS Type 1. 

 

2.2.2 Steel Double Bolt Pipe Clamps:  MSS Type 3. 

 

2.2.3 Adjustable Steel Band Hangers:  MSS Type 7. 

  

2.2.4 Steel Pipe Clamps:  MSS Type 4. 

 

2.2.5 Pipe Stanchion Saddles:  MSS Type 37, including steel pipe base support and cast-iron 

floor flange. 

 

2.2.6 Single Pipe Rolls:  MSS Type 41. 

 

2.2.7 Adjustable Roller Hanger:  MSS Type 43. 

 

2.2.8 Pipe Roll Stands:  MSS Type 44 or Type 47. 

 

2.3 Vertical-Piping Clamps:  Except as otherwise indicated, provide factory-fabricated 

vertical-piping clamps complying with ANSI/MSS SP-58, of one of the following 

MSS types listed, selected by Installer to suit vertical piping systems, in accordance 

with MSS SP-69 and manufacturer's published product information.  Select size of 

vertical piping clamps to exactly fit pipe size of bare pipe.  Provide copper-plated 

clamps for copper-piping systems. 

 

2.3.1 Two-Bolt Riser Clamps:  MSS Type 8. 

 

2.3.2 Four-Bolt Riser Clamps:  MSS Type 42. 

 

2.4 Hanger-Rod Attachments:  Except as otherwise indicated, provide factory-fabricated 

hanger-rod attachments complying with ANSI/MSS SP-58, of one of the following 

MSS types listed, selected by Installer to suit horizontal-piping hangers and building 

attachments, in accordance with MSS SP-69 and manufacturer's published product 

information.  Use only one type by one manufacturer for each piping service.  Select 

size of hanger-rod attachments to suit hanger rods.  Provide copper-plated hanger-rod 

attachments for copper-piping systems. 

 

2.4.1 Steel Turnbuckles:  MSS Type 13. 

 

2.4.2 Malleable Iron Sockets:  MSS Type 16. 

 

2.5 Building Attachments:  Except as otherwise indicated, provide factory-fabricated 

building attachments complying with ANSI/MSS SP-58, of one of the following MSS 
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types listed, selected by Installer to suit building substrate conditions, in accordance 

with MSS SP-69 and manufacturer's published product information.  Select size of 

building attachments to suit hanger rods.   

 

2.5.1 Center Beam Clamps:  MSS Type 21. 

 

2.5.2 C-Clamps:  MSS Type 23. 

 

2.5.3 Malleable Beam Clamps:  MSS Type 30. 

 

2.5.4 Side Beam Brackets:  MSS Type 34. 

 

2.5.5 Concrete Inserts:  MSS Type 18. 

 

2.6 Saddles and Shields:  Except as otherwise indicated, provide saddles or shields under 

piping hangers and supports, factory-fabricated, for all insulated piping.  Size saddles 

and shields for exact fit to mate with pipe insulation. 

 

2.6.1 Protection Shields:  MSS Type 40; of length recommended by manufacturer to prevent 

crushing of insulation. 

 

2.6.2 Protection Saddles:  MSS Type 39; use with rollers, fill interior voids with segments of 

insulation matching adjoining insulation. 

 

2.7 Miscellaneous Materials: 

 

2.7.1 Metal Framing:  Provide products complying with NEMA STD ML 1. 

 

2.7.2 Steel Plates, Shapes and Bars:  Provide products complying with ANSI/ASTM A 36. 

 

2.7.3 Cement Grout:  Portland cement (ANSI/ASTM C 150, Type I or Type III) and clean 

uniformly graded, natural sand (ANSI/ASTM C 404, Size No. 2).  Mix at a ratio of 1.0 

part cement to 3.0 parts sand, by volume, with minimum amount of water required for 

placement and hydration. 

 

2.7.4 Heavy-Duty Steel Trapezes:  Fabricate from steel shapes or continuous channel struts 

selected for loads required; weld steel in accordance with AWS standards. 

 

3 EXECUTION 

 

3.1 Preparation 

 

3.1.1 Proceed with installation of hangers, supports and anchors only after required building 

structural work has been completed in areas where the work is to be installed.  Correct 

inadequacies including (but not limited to) proper placement of inserts, anchors and 

other building structural attachments. 
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3.1.2 Prior to installation of hangers, supports, anchors and associated work, Installer shall 

meet at project site with Contractor, installer of each component of associated work, 

and installers of other work requiring coordination with work of this section for 

purpose of reviewing material selections and procedures to be followed in performing 

the work in compliance with requirements specified. 

 

3.2 Installation of Building Attachments: 

 

3.2.1 Install building attachments at required locations within concrete or on structural steel 

for proper piping support.  Space attachments within maximum piping span length 

indicated in MSS SP-69.  Install additional building attachments where support is 

required for additional concentrated loads, including valves, flanges, guides, strainers, 

expansion joints, and at changes in direction of piping.  Install concrete inserts before 

concrete is placed; fasten insert securely to forms.  Where concrete with compressive 

strength less than 2500 psi is indicated, install reinforcing bars through openings at top 

of inserts. 

 

3.2.2 In areas of work requiring attachments to existing concrete, use self drilling rod inserts, 

Phillips Drill Co., "Red-Head" or equal. 

 

3.3 Installation of Hangers and Supports: 

 

3.3.1 General:  Install hangers, supports, clamps and attachments to support piping properly 

from building structure; comply with MSS SP-69.  Arrange for grouping of parallel 

runs of horizontal piping to be supported together on trapeze type hangers where 

possible.  Install supports with maximum spacings complying with MSS SP-69 or as 

listed herein, whichever is most limiting.  Where piping of various sizes is to be 

supported together by trapeze hangers, space hangers for smallest pipe size or install 

intermediate supports for smaller diameter pipe.  Do not use wire or perforated metal 

to support piping, and do not support piping from other piping. 

 

3.3.1.1 Horizontal steel pipe and copper tube 1-1/4" diameter and smaller:  support on 6 foot 

centers. 

 

3.3.1.2 Horizontal steel pipe and copper tube 1-1/2" diameter and larger: support on 10 foot 

centers. 

 

3.3.1.3 Vertical steel pipe and copper tube:  support at each floor. 

 

3.3.1.4 Plastic pipe:  support in accordance with manufacturer's recommendations and the 

Florida Building Code, Plumbing. 

 

3.3.1.5 Fire protection piping:  support in accordance with NFPA 13. 

 



 

JRA #24849                                   SUPPORTS, ANCHORS, AND SEALS 23 05 29 - 5 

3.3.2 Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers 

and other accessories.   

 

3.3.3 Paint all black steel hangers with black enamel.  Galvanized steel and copper clad 

hangers do not require paint. 

 

3.3.4 Prevent electrolysis in support of copper tubing by use of hangers and supports which 

are copper plated, or by other recognized industry methods. 

 

3.3.5 Provision for Movement: 

 

3.3.5.1 Install hangers and supports to allow controlled movement of piping systems and to 

permit freedom of movement between pipe anchors, and to facilitate action of 

expansion joints, expansion loops, expansion bends and similar units. 

 

3.3.5.2 Load Distribution:  Install hangers and supports so that piping live and dead loading 

and stresses from movement will not be transmitted to connected equipment. 

 

3.3.5.3 Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes, and so that 

maximum pipe deflections allowed by ANSI B31 are not exceeded. 

 

3.3.6 Insulated Piping:  Comply with the following installation requirements. 

 

3.3.6.1 Shields:  Where low-compressive-strength insulation or vapor barriers are indicated, 

install coated protective shields.   

 

3.3.6.2 Clamps:  Attach clamps, including spacers (if any), to piping with clamps projecting 

through insulation; do not exceed pipe stresses allowed by ANSI B31. 

 

3.3.7 Support fire protection piping independently of other piping. 

 

3.4 Installation of Anchors: 

 

3.4.1 Install anchors at proper locations to prevent stresses from exceeding those permitted 

by ANSI B31, and to prevent transfer of loading and stresses to connected equipment. 

 

3.4.2 Fabricate and install anchors by welding steel shapes, plates and bars to piping and to 

structure.  Comply with ANSI B31 and with AWS standards. 

 

3.4.3 Anchor Spacings:  Where not otherwise indicated, install anchors at ends of principal 

pipe-runs, at intermediate points in pipe-runs between expansion loops and elbows.  

Make provisions for preset of anchors as required to accommodate both expansion and 

contraction of piping. 
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3.4.4 Where expansion compensators are indicated, install anchors in accordance with 

expansion unit manufacturer's written instructions to limit movement of piping and 

forces to maximums recommended by manufacturer for each unit. 

 

3.5 Equipment Bases: 

 

3.5.1  Provide concrete housekeeping bases for all floor mounted equipment furnished as 

part of the work of Division 23.  Size bases to extend minimum of 4" beyond 

equipment base in any direction; and 4" above finished floor elevation.  Construct of 

reinforced concrete, roughen floor slab beneath base for bond, and provide steel rod 

anchors between floor and base.  Locate anchor bolts using equipment manufacturer's 

templates.  Chamfer top and edge corners. 

 

3.5.2  Provide structural steel stands to support equipment not floor mounted or hung from 

structure.  Construct of structural steel members or steel pipe and fittings.  Provide 

factory-fabricated tank saddles for tanks mounted on steel stands.  Prime and paint 

with black enamel. 

 

END OF SECTION 23 05 29 
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SECTION 23 05 48 - VIBRATION ISOLATION    

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-23 section making reference to vibration isolation equipment. 

 

1.3 Extent of vibration isolation required by this section is indicated on drawings and/or 

specified in other Division-23 sections. 

 

1.4 Approval Submittals:  When required by other Division-23 sections, submit product 

data sheets for each type of vibration isolation equipment including configuration and 

rating data.  Submit with Division-23 section using vibration isolation, not as a 

separate submittal.  Provide calculations showing supported weight, deflection, and 

isolator size and type for each item of supported equipment.  Submit for: 

 

 Equipment Mountings.  Type EM. 

 Hangers.  Type HA. 

 Bases and Frames.  Type BF. 

 Pipe Flexible Connections.  Type PF. 

 

1.5 O&M Data Submittals:  Submit a copy of approval submittals for each type of 

vibration isolation equipment.  Include this data in O&M Manual.   

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated products recommended by manufacturer for use in 

service indicated.  Provide products of types and deflections indicated; provide proper 

selection as determined by Installer to comply with specifications and installation 

requirements.  Provide sizes which properly fit with equipment.  All metal parts 

installed outside shall be hot dipped galvanized after fabrication. 

 

2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

vibration isolation equipment of:  Mason Industries, Keflex, Consolidated Kinetics, 

Vibration Mountings & Controls, Wheatley or approved equal.  All vibration isolators 

shall be supplied by a single approved manufacturer. 

 

2.3 Equipment Mountings: 
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2.3.1 Select mountings with the required deflection and fastening means.  Provide steel rails 

or bases as required to compensate for equipment rigidity and overhang. 

 

2.3.2 Types of equipment mountings (EM): 

 

1 Spring Mountings (EM1):  Spring isolators shall be free-standing and laterally 

stable without any housing.  All mounts shall have leveling bolts.  Spring 

diameter shall be not less than 0.8 of the compressed height of the spring at rated 

load.  Springs shall have a minimum additional travel to solid equal to 50% of the 

rated deflection.  Springs shall be so designed that the ratio of horizontal stiffness 

to vertical stiffness is approximately one.  Provide a nominal static deflection of at 

least 1.0".  Basis of Design:  Mason Industries SLFH.   

 

2 Spring Mountings with Housings (EM2):  Spring isolators shall consist of open, 

stable steel springs and include vertical travel limit stops to control extension 

when weight is removed.  The housing of the spring unit shall serve as blocking 

during erection of equipment.  Provide a nominal static deflection of at least 1.0".  

All mountings used outside shall be hot dipped galvanized.  Basis of Design:  

Mason Industries SLR.  

 

3 Spring Mountings with Housings (EM3):  Spring isolators shall consist of open, 

stable steel springs with neoprene inserts to limit movement between upper and 

lower housing on start and stop.  Provide a nominal static deflection of at least 

1.0".  Mountings shall be specifically designed for critical areas on light-weight 

floors.  Basis of Design:  Mason Industries C. 

 

4 Neoprene Mountings (EM4):  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.  Basis of design:  Mason Industries ND. 

 

5 Pads (EM5):  Waffle or ribbed pattern neoprene pads shall be fabricated from 40-

50 durometer neoprene.  Provide rigid steel plate and mounting angles as 

required.  Basis of design:  Mason Industries Super W. 

 

2.4    Hangers: 

 

2.4.1         Select hangers with the required deflection.  Provide all required hanger rods and 

fasteners. 

 

2.4.2 Types of hangers (HA): 

 

1  Hangers (HA1):  Vibration hangers shall contain a steel spring set in a neoprene 

cup manufactured with a grommet to prevent short-circuiting of the hanger rod.  

The cup shall contain a steel washer designed to properly distribute the load on 
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the neoprene and prevent its extrusion.  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.  

Basis of Design:  Mason Industries 30. 

 

2 Hangers (HA2):  Vibration hangers 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.  

Basis of Design:  Mason Industries 30N. 

 

3 Hangers (HA3):  Double deflection neoprene-in-sheer or EPDM hangers. Units 

shall be complete with projected neoprene bushing to prevent steel-to-steel 

contact between hanger box and hanger rod.  Average static deflection shall be 

not less than 0.4 inches.  Basis of Design:  Mason Industries HD. 

 

2.5    Bases and Frames (BF): 

 

2.5.1 Select mounting bases and frames as required for equipment dimensions, service 

access and fastening means.  Provide all fasteners.  Coordinate and provide required 

vibration isolators to match mounting bases and frames. 

 

2.5.2 Types of bases and frames (BF): 

 

1 Steel Base Frame for Floor-Mounted Equipment (BF1):  Provide frames 

consisting 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 vibration isolation floor mounts.  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.  Basis of Design:  Mason Industries 

WFSL. 

 

2 Concrete Inertia Block for Floor-Mounted Equipment (BF2):  Provide concrete 

inertia blocks formed of stone-aggregate concrete (150 lbs./cu.ft.) cast between 

appropriate steel reinforcing perimeter structural steel channels.  Inertia block 

thickness shall be not less than 1/12 the longest dimension of the mounted 
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equipment or equipment assembly.  Inertia blocks shall be built to form a rigid 

base which will not twist, rack, deform, deflect or crack in any manner that will 

negatively affect the operation of the supported equipment or the performance of 

the vibration-isolation mounts.  Inertia blocks shall be of adequate size and plan 

form to support basic equipment units and motors plus any associated pipe or duct 

elbow supports, electrical control elements or other components closely related 

and requiring resilient support in order to prevent vibration transfer from 

equipment to the building structure.  Inertia blocks shall include side mounting 

bracket pockets for spring mounting.  The clearance between the underside of any 

inertia block and the top of the building structure below shall be at least 2 inches.  

The vibration isolator supplier may furnish the structural steel perimeter frame, 

including reinforcing and anchor bolts.  Basis of Design:  Mason Industries 

KSL/BMK. 

 

3 Steel Rails (BF3):  Provide steel rails of channels or angles with vibration 

isolators as required.  Basis of Design:  Mason Industries, RND or RC. 

 

4 Vibration Isolation Base for Rooftop Equipment (BF4):  Provide aluminum 

vibration isolation bases that fit over roof curb and under the equipment.  Provide 

spring isolators having a 1" minimum static deflection, resilient snubbers for wind 

resistance, closed cell weather seal at top and bottom, and EDPM flexible 

connection around entire perimeter.  The unit shall provide a water-tight system.  

Basis of Design:  Mason Industries CMAB. 

 

5 Vibration Isolation Curb for Rooftop Equipment (BF5):  Provide steel spring 

isolation curb with cadmium or zinc electroplated steel springs on ¼" thick 

neoprene pads to support the upper frame.  The upper frame must provide 

continuous support for the equipment and must be held captive by ¼" thick 

neoprene snubber bushings.  Minimum spring deflection is  1½" .  Provide 

galvanized steel counter-flashing and EPDM bellows for the corners.  Provide 

access covers for all springs.  The entire assembly shall be waterproof.  Curbs 

shall be a minimum of 12" high and shall include 2" thick insulation.  Provide 

curbs designed to accommodate for roof pitch so that equipment is set level. 

 

 Provide perimeter angle and cross members with two layers of 5/8" waterproof 

sheetrock at the floating member of the curb.  Stagger sheetrock joints.  Sheetrock 

must completely surround all ducts and shall be caulked.  Where the mechanical 

arrangement prevents attaching to the floating member, the barrier shall be 

attached as high as possible on the fixed curb with 1" thick closed cell neoprene 

flexible seals around the ducts.  A 4" layer of 1.5 pcf fiberglass shall cover the 

entire solid roof surface under the unit.  Basis of Design:  Mason Industries RSC-

dB. 

 

2.6   Pipe Flexible Connections: 

 

2.6.1    Select pipe flexible connections suitable for duty indicated with ends to match piping 
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system. 

 

2.6. Types of pipe flexible connections (PF): 

 

1 Pump Connections (PF1):  Provide EPDM and dacron or neoprene and nylon 

flexible connectors rated at 200 psi and 250ºF.  Connectors shall have the number 

of spheres required and ductile iron floating flanges with baked enamel finish.  

Provide control rods or cables as required for each application.  Basis of Design:  

Mason Industries SFDEJ with reinforcing rings. 

 

2 Chiller Connections (PF2):  Provide EPDM and dacron or neoprene and nylon 

flexible connectors rated at 200 psi and 250ºF.  Connectors shall have the number 

of spheres required and ductile iron floating flanges with baked enamel finish.  

Provide control rods or cables as required for each application.  Basis of Design:  

Mason Industries SFEJ. 

 

3 Coil Connections (PF3):  Provide EPDM and dacron or neoprene and nylon 

flexible connectors rated at 200 psi at 250ºF.  Connectors shall have the number 

of spheres required and ductile iron floating flanged or threaded ends with baked 

enamel finish.  Provide control rods or cables as required for each application.  

Basis of Design:  Mason Industries SFU or SFEJ as required. 

 

4 Stainless Steel Flexible Hoses (PF4):  Provide 300 psi working pressure flexible 

hoses with corrugated seamless hose body and braided cover.  Basis of Design:  

Mason Industries BSS threaded or RF flanged, as required. 

 

5 Bronze Flexible Hoses (PF5):  Provide 300 psi working pressure flexible hoses 

with corrugated bronze hose body and braided cover.  Basis of Design:  Mason 

Industries BBF with sweat ends. 

 

3 EXECUTION 

 

3.1 Install vibration isolation devices for the duty indicated and for ease of inspection, 

adjustment, and proper operation.  Install in accordance with the manufacturer's written 

instructions and coordinate with shop drawings of supported equipment. 

 

3.2 All connections to fixtures and equipment shown on the drawings shall be considered 

diagrammatic unless otherwise indicated by detail.  The actual connections shall be 

made to fully suit the requirements of each case and adequately provide for expansion 

and servicing. 

 

3.3 Piping, ductwork and conduit shall not be suspended from one another or physically 

contact one another.  Vibrating systems shall be kept free from non-vibrating systems. 

 

3.4 Equipment Mountings: 
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3.4.1 Unless otherwise shown or specified, all floor-mounted equipment shall be set on 

housekeeping equipment bases.  Refer to Division-23 section “Supports, Anchors, and 

Seals”. 

 

3.4.2 No equipment unit shall bear directly on vibration isolators unless its own frame is 

suitably rigid to span between isolators, and such direct support is approved by the 

equipment manufacturer.  All support frames shall be sufficiently stiff and rigid so as 

to prevent distortion and misalignment of components installed thereon. 

 

3.4.3 Align equipment mountings for a free, plumb installation.  Isolators that are binding, 

offset or fully compressed will not be accepted. 

 

3.5 Hangers: 

 

3.5.1 Position vibration isolation hangers so that hanger housing may rotate a full 360 

degrees without contacting any object. 

 

3.5.2 Install steel angles, channels, rods and fasteners to level equipment, piping or ductwork 

and to evenly distribute the supported weight. 

 

3.6 Bases and Frames: 

 

3.6.1 Unless otherwise indicated, all equipment mounted on vibration-isolated bases shall 

have a minimum operating clearance of 2 inches between the structural steel frame and 

the concrete housekeeping pad or floor beneath the equipment.  The clearance space 

shall be checked to ensure that no construction debris has been left to short-circuit or 

restrict the proper operation of the vibration isolation system. 

 

3.7 Pipe Flexible Connections: 

 

3.7.1 Piping connected to vibration isolated equipment shall be installed so that it does not 

strain or force out of alignment the vibration isolators supporting the basic equipment, 

nor shall pipes restrict such equipment from "floating" freely on its respective vibration 

isolation system.  Flexible connections shall be used to eliminate transferring vibration 

along piping. 

 

3.7.2 Flexible connections and hoses shall not be used to compensate for pipe misalignment.  

Units shall be aligned so that the flexible connection is not distorted perpendicular to 

the axis of the piping. 

 

3.7.3 Install flexible connections in pump suction and discharge, chiller inlet and outlet, 

water coil inlet and outlet and where shown on the drawings or required by equipment 

specifications. 

 

3.7.4 Drain piping connected to vibrating equipment shall not physically contact any 

building construction or non-isolated systems or components. 
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3.8 Connections of Ducts:  Ducts shall be connected to fan intakes and discharges by 

means of flexible connectors in accordance with Division-23 section "Ductwork 

Accessories" so that all vibrating equipment is fully isolated. 

 

END OF SECTION 23 05 48 
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SECTION 23 05 53 - MECHANICAL IDENTIFICATION 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22, and 23 section making reference to or requiring 

identification devices specified herein. 

 

1.3 Extent of mechanical identification work required by this section is indicated on 

drawings and/or specified in other Division-21, 22, and 23 sections. 

 

1.4 Refer to Division-26 sections for identification requirements of electrical work; not 

work of this section.  Refer to other Division-23 sections for identification 

requirements for controls; not work of this section. 

 

1.5 Codes and Standards:  Comply with ANSI A13.1 for lettering size, length of color 

field, colors, and viewing angles of identification devices. 

 

2 PRODUCTS 

 

2.1 General:  Provide manufacturer's standard products of categories and types required for 

each application as referenced in other Division-23 sections.  Where more than single 

type is specified for application, selection is Installer's option, but provide single 

selection for each product category. 

 

2.2 Painted Identification Materials 

 

2.2.1 Stencils:  Standard fiberboard stencils, prepared for required applications with letter 

sizes generally complying with recommendations of ANSI A13.1 for piping and 

similar applications, but not less than 1-¼" high letters for ductwork and not less than 

¾" high letters for access door signs and similar operational instructions. 

 

2.2.2 Stencil Paint:  Standard exterior type stenciling enamel; black, except as otherwise 

indicated; either brushing grade or pressurized spray-can form and grade. 

 

2.2.3 Identification Paint:  Standard identification enamel. 

 

2.3 Plastic Pipe Markers                                                                                
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2.3.1 Pressure-Sensitive Type:  Provide manufacturer's standard pre-printed, permanent 

adhesive, color-coded, pressure-sensitive vinyl pipe markers. 

 

2.3.1.1 Lettering: Manufacturer's standard pre-printed nomenclature which best describes 

piping system in each instance, as selected by Architect/Engineer in cases of variance 

with name as shown or specified. 

 

2.3.1.2 Arrows:  Print each pipe marker with arrows indicating direction of flow, either 

integrally with piping system service lettering (to accommodate both directions), or as 

separate unit of plastic. 

         

2.4 Valve Tags: 

 

2.4.1 Brass Valve Tags:  Provide 19-gage polished brass valve tags with stamp-engraved 

piping system abbreviation in ¼" high letters and sequenced valve numbers ½" high, 

and with 5/32" hole for fastener.  Provide 1-½" diameter tags, except as otherwise 

indicated. 

 

2.4.2 Plastic Laminate Valve Tags:  Provide manufacturer's standard 3/32" thick engraved 

plastic laminate valve tags, with piping system abbreviation in ¼" high letters and 

sequenced valve numbers ½" high, and with 5/32" hole for fastener.  Provide 1-½" 

square black tags with white lettering, except as otherwise indicated. 

 

2.5 Engraved Plastic-Laminate Signs: 

 

2.5.1 General:  Provide engraving stock melamine plastic laminate, in the sizes and 

thicknesses indicated, engraved with engraver's standard letter style a minimum of 3/4" 

tall and wording indicated, punched for mechanical fastening except where adhesive 

mounting is necessary because of substrate. 

 

2.5.2 Thickness:  1/16" for units up to 20 sq. in. or 8" length; 1/8” for larger units. 

 

2.5.3 Fasteners:  Self-tapping stainless steel screws, except contact-type permanent adhesive 

where screws cannot or should not penetrate the substrate. 

 

2.5.4  Ceiling Grid Mounted Tags:  White 1/2:” lettering engraved in a 3/4" black 

background, screwed parallel to the ceiling grid.   

 

2.6 Stamped Nameplates:  Provide equipment manufacturer's standard stamped nameplates 

for motors, AHUs, pumps, etc. 

 

3 EXECUTION 

 

3.1 Coordination:  Where identification is to be applied to surfaces which require 

insulation, painting or other covering or finish, including valve tags in finished 
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mechanical spaces, install identification after completion of covering and painting.  

Install identification prior to installation of acoustical ceilings and similar removable 

concealment. 

 

3.2 Ductwork Identification: 

 

3.2.1 General:  Identify air supply, return, exhaust, intake and relief ductwork with stenciled 

signs and arrows, showing ductwork service and direction of flow, in black or white.  

Example:  AHU-1 Supply ➔ 

 

3.2.2 Location:  In each space where ductwork is exposed, or concealed only by removable 

ceiling system, locate signs near points where ductwork originates or continues into 

concealed enclosures, and at 50' spacings along exposed runs. 

 

3.2.3 Access Doors:  Provide stenciled signs on each access door in ductwork and housings, 

indicating purpose of access (to what equipment) and other maintenance and operating 

instructions, and appropriate and procedural information. 

 

3.3 Piping System Identification: 

 

3.3.1 General:  Install pipe markers of one of the following types on each system indicated 

to receive identification, and include arrows to show normal direction of flow: 

 

3.3.1.1 Plastic pipe markers. 

 

3.3.1.2 Stenciled markers, black or white for best contrast.  

 

3.3.2 Locate pipe markers as follows wherever piping is exposed to view in occupied spaces, 

machine rooms, accessible maintenance spaces and exterior non-concealed locations. 

 

3.3.2.1 Near each valve and control device. 

 

3.3.2.2 Near each branch, excluding short take-offs for fixtures and terminal units; mark each 

pipe at branch, where there could be question of flow pattern. 

 

3.3.2.3 Near locations where pipes pass through walls, floors, ceilings, or enter non-accessible 

enclosures. 

 

3.3.2.4 At access doors, manholes and similar access points which permit view of concealed 

piping. 

 

3.3.2.5 Near major equipment items and other points of origination and termination. 

 

3.3.2.6 Spaced intermediately at maximum spacing of 50' along each piping run, except reduce 

spacing to 25' in congested areas of piping and equipment. 
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3.3.2.7 On piping above removable acoustical ceilings, except omit intermediately spaced 

markers. 

 

3.3.3 The following piping shall be color-coded where exposed in mechanical and electrical 

rooms by completely painting the piping with the indicated color.  Use standard colors 

where exposed in finished spaces.  Use standard identification methods in concealed 

areas. 

 

Fire protection piping - Red  

 

3.4 Valve Identification:  Provide coded valve tag on every valve, cock and control device 

in each piping system; exclude check valves, valves within factory-fabricated 

equipment units, plumbing fixture faucets, convenience and lawn-watering hose bibs, 

and shut-off valves at plumbing fixtures, HVAC terminal devices and similar rough-in 

connections of end-use fixtures and units.  Coordinate code with operating instructions.  

For valves located above acoustical lay in ceilings provide an additional engraved 

plastic valve tag, mechanically affixed to the ceiling grid below the valve (white letters 

on black background).  When multiple equipment and/or valve tags are installed in a 

room, orient all tags the same direction.   

 

3.5 Valve Charts:  Provide framed, glass covered valve charts in each mechanical room.  

Identify coded valve number, valve function, and valve location for each valve.  

Provide floor plan with approximate location of each valve identified.   

 

3.6 Mechanical Equipment Identification:  Install engraved plastic laminate sign on a 

vertical surface on or near each major item of mechanical equipment and each 

operational device.  Label shall indicate type of system and area served.  Provide signs 

for the following general categories of equipment and operational devices:  For 

equipment located above acoustical lay in ceilings provide an additional engraved 

plastic tag, mechanically affixed to the ceiling grid at the access point (white letters on 

black background).  When multiple equipment and/or valve tags are installed in a 

room, orient all tags the same direction.   

 

3.6.1 Main control and operating valves, including safety devices. 

 

3.6.2 Meters, gauges, thermometers and similar units. 

 

3.6.3 Pumps, compressors, chillers, condensers, and similar equipment. 

 

3.6.4 Heat exchangers, coils, evaporators, cooling towers, heat recovery units and similar 

equipment. 

 

3.6.5 Fans, blowers, primary balancing dampers and VAV boxes. 

 

3.6.6 HVAC air handlers and fan coil units. 
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3.6.7 Air conditioning indoor and outdoor units. 

 

3.7 Stamped Nameplates:  Equipment manufacturers to provide standard stamped 

nameplates on all major equipment items such as motors, pumps, AHUs, etc.  Where 

motors are hidden from view (within equipment casing, or otherwise not easily 

accessible, etc.), the equipment supplier shall furnish a duplicate motor data nameplate 

to be affixed to the equipment casing in an easily visible location, unless data is 

already included on the equipment nameplate.] 

 

3.8 Adjusting and Cleaning: 

 

3.8.1 Adjusting:  Relocate any mechanical identification device which has become visually 

blocked by work of this division or other divisions. 

 

3.8.2 Cleaning:  Clean face of identification devices, and glass frames of valve charts. 

 

END OF SECTION 23 05 53 
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SECTION 23 05 56 - ACCESS DOORS     
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 
 
1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22, and 23 section making reference to or requiring access 
panels specified herein. 

 
1.3 Approval Submittals:   
 
1.3.1 Product Data:  When required by other Division-21, 22, or 23 sections, submit product 

data for access doors.  Submit with Division-21, 22, or 23 section using access doors, 
not as a separate submittal.  Include rating data.       

 
1.4 O&M Data Submittals:  Submit a copy of approval submittal.  Include this data in 

O&M Manuals.  
  
2 PRODUCTS 
 
2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide access 

doors by Milcor, Jay R. Smith, Zurn, BOICO, Elmdor, or approved equal. 
 
2.2 General:  Where floors, walls and ceilings must be penetrated for access to plumbing 

work, provide types of access doors indicated.  Furnish sizes indicated or, where not 
otherwise indicated, furnish adequate size for intended and necessary access.  Furnish 
manufacturer's complete units, of type recommended for application in indicated 
substrate construction, in each case, complete with anchorages and hardware. 

 
2.3 Access Door Construction:  Except as otherwise indicated, fabricate wall/ceiling door 

units of welded stainless steel construction with welds ground smooth and brushed 
finish; 16-gauge frames and 14-gauge flush panel doors; 175° swing with concealed 
spring hinges; flush screw-driver-operated cam locks. 

 
2.4  Minimum Size:  Where equipment is located above hard ceilings, the minimum access 

door size shall be 24x24 or the minimum size to remove the item serviced.   
 
3 EXECUTION 
 
3.1 Access doors shall be installed to operate and service all plumbing equipment 

including valves, dampers, duct access panels, and other items requiring maintenance 
that are concealed above or behind finished construction.  Access doors shall be 
installed in walls, chase and floors as necessary, but are not required in accessible 
suspended ceiling systems.   
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3.2 Access doors shall be installed by the Division installing the substrate construction.  
However, responsibility for furnishing and determining location of access doors is part 
of this Division's work.  The style of access door shall be suitable for construction into 
which installed. 

 
3.3 Access doors shall be sized and located as required to provide proper maintenance and 

service access in accordance with the manufacturer's recommendations and code 
authority requirements for all devices and equipment.  
 

END OF SECTION 23 05 56 
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SECTION 23 05 73 - EXCAVATION & BACKFILL 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22, and 23 section making reference to or requiring 

excavation and backfill specified herein. 

 

1.3 Refer to other Division-21, 22, and 23 sections and/or drawings for specific 

requirements of the particular piping system being installed.  Where another Division-

21, 22, or 23 section or the drawings conflict with requirements of this section, the 

other Division-21, 22, or 23 section or the drawings shall take precedence over the 

general requirements herein. 

 

1.4 OSHA:  Contractor employee worker protection for all trenching and excavation 

operations shall comply with 29 CFR 1926.650 Subpart P and all current OSHA 

requirements.  

 

1.5 Trench Safety Act:  Contractor shall comply with all requirements of Florida Statutes 

Chapter 553, including the requirement to provide a separate line item to identify the 

cost to comply on a per lineal foot of trench and per square foot of shoring. 

 

2 PRODUCTS 

 

2.1 Sand:  Clean, hard, uncoated grains free from organic matter or other deleterious 

substances.  Sand for backfill shall be of a grade equal to mortar sand. 

 

2.2 Gravel:  Clean, well graded hard stone or gravel, free from organic material.  Size 

range to be from No. 4 screen retentions to 1". 

 

2.3 Earth:  Fill free of clay, muck, stones, wood, roots or rubbish.  

 

2.4 Identification Tape:  Polyethylene 6 inches wide, 0.004 inches thick, continuously 

printed with "CAUTION" in large letters and type of pipe below. 

 

2.5 Copper Identification Wire:  14-gauge. 

         

3 EXECUTION  
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3.1 Ditching and Excavation:  Shall be performed by hand wherever there is a possibility 

of encountering obstacles or any existing utility lines of any nature whatsoever.  Where 

clear and unobstructed areas are to be excavated, appropriate machine excavation 

methods may be employed.  Avoid use of machine excavators within the limits of the 

building lines. 

 

3.2 Bedding:  Excavate to bottom grade of pipe to be installed, and shape bed of 

undisturbed earth to contour of pipe for a width of at least 50% of pipe diameter.  If 

earth conditions necessitate excavation below grade of the pipe, such as due to the 

presence of clay, muck, or roots, subcut and bring bed up to proper elevation with 

clean, new sand (as described in paragraph 2.1), deposited in 6" layers and tamped.  

Notify Architect/Engineer if subcut exceeds 12", or if bed is of an unstable nature.  In 

this case a 6" minimum layer of gravel will be required before sand bedding begins.  

Submit cost proposal if the earth conditions require subcut in excess of 12" or if gravel 

is required to achieve proper bedding. 

 

3.3 Placing:  Pipe shall be carefully handled into place.  Avoid knocking loose soil from 

the banks of the trench into the pipe bed.  Rig heavier sections with nylon slings in lieu 

of wire rope to avoid crushing or chipping.  Pipe which is handled with insulation in 

place, coated pipe, and jacketed pipe shall have special handling slings as required to 

prevent damage to the material. 

 

3.4 Backfilling:  Deposit clean new sand (as described in paragraph 2.1) to 6" above the 

pipe and tamp.  Then deposit sand or earth carefully in 6" layers, maintaining adequate 

side support, especially on nonferrous piping materials.  Compact fill in 6" layers, 

using mechanical means, up to the top elevation of the pipe, and in 12" layers to rough 

or finish grade as required. Fine grade and restore surface to original condition.   

 

3.5 Special:  Excavations shall be installed and maintained in satisfactory condition during 

the progress of the work.  Subsurface structures are to be constructed in adequately 

sized excavations.  De-watering equipment shall be installed and properly maintained 

where required.  Shoring shall be employed in the event of unstable soil condition, and 

in all cases where required by OSHA regulations and necessary to protect materials 

and personnel from injury. 

 

3.6 Identification:  Install identification tape directly above all underground piping, one 

tape for each pipe where multiple pipes are installed.  Depth of tape shall be at least 6 

inches below finished grade and 24" above buried pipe.  Install copper wire above non-

metallic pipes. 

 

3.7 Depth of Cover:  Minimum cover for underground piping is two feet unless indicated 

otherwise. 

 

 

END OF SECTION 23 05 73 
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SECTION 23 05 90 - START-UP REQUIREMENTS FOR HVAC SYSTEMS 

 

1 GENERAL 

          

1.1 Intent: It is the intent of this section to require that the startup requirements and report 

noted herein be performed prior to starting TAB work on each system.  Work can be 

phased with permission of the Engineer. 

 

1.2 Coordination:    

 

1.2.1 The Contractor shall furnish to the TAB Contractor a complete set of plans, 

specifications, addenda,  shop drawings, equipment performance data sheets, change 

orders, etc. as requested by the TAB Contractor. 

 

1.2.2 The Contractor shall participate in a TAB coordination meeting to discuss interface 

requirements with the TAB Contractor and to establish a schedule for TAB work prior 

to start of TAB work. The TAB will be performed by an independent company 

contracted by the owner.   

 

1.3 Test Reports and Verification Submittals: 

 

1.3.1 Submit Startup Report as described herein for each system. Attach Factory Startup 

Report for   

 equipment as required by other Division-23 sections. 

 

2 PRODUCTS: None 

 

3 EXECUTION:   

 

3.1 The TAB work shall not commence until the Engineer has received written notice from 

the Contractor that HVAC systems are 100% complete and are fully operational.  

Submit Startup Report as described herein. 

 

3.2 The Contractor shall place all HVAC systems and equipment into complete operation 

during each working day of TAB work. 

 

3.3 The Contractor shall provide access to HVAC systems and equipment by supplying 

ladders and/or scaffolding, and opening access panels and equipment room doors. 
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3.4 The TAB Contractor will provide to the Contractor TAB punch lists of non-complying 

HVAC work as they are discovered.  The Contractor shall replace or repair non-

complying work as soon as possible in order not to delay completion of TAB work. 

 

3.5 Airside Systems:  The Contractor shall provide the following information to the 

Engineer to substantiate proper start-up and preliminary adjustments of air handler 

units, belt driven fans, and duct systems. 

 

3.5.1 Verify that air grilles (supply, return, exhaust, transfer, outdoor, etc.) are installed and 

connected to the duct system. 

 

3.5.2 Verify that duct systems are clean of debris.                                                                 

 

3.5.3 Verify that ducts attached with flexible connectors are aligned within ½" and have a 

uniform gap between ducts of 1"-1.5".  Flexible connectors shall not leak and shall be 

insulated. 

 

3.5.4 Verify that filters are clean and filter spacers are installed. 

 

3.5.5 Verify that balancing dampers at grilles and branch ducts are operational and are fully 

opened. 

 

3.5.6 Verify that fire and smoke dampers are correctly installed and are fully opened. 

 

3.5.7 Verify that fan discharges are appropriate for the outlet ductwork with regards to the 

"system effect" per AMCA Publication 201.  Inappropriate fan discharges will not be 

accepted. 

 

3.5.8 Verify proper fan rotation. 

 

3.5.9 Verify proper belt drive alignment. 

 

3.5.10 Verify fan motor overload elements are correctly sized. 

 

3.5.11 Adjust fan sheave until CFM is at or above design CFM.  Provide additional sheaves 

and belts as required.   Verify that motor is not overloaded. 

 

3.5.12 Verify that HVAC control systems are fully operational. 

 

3.6 Hydronic Systems:  The Contractor shall provide the following information to the 

Engineer to substantiate proper start-up and preliminary adjustments of HVAC pumps 

and piping systems. 

 

3.6.1 Verify that the hydronic systems are properly flushed, filled, vented, purged and 

chemically treated and that all leaks are repaired.  Verify proper air venting. 
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3.6.2 Verify that the correct strainer screens are clean and installed. 

 

3.6.3 Verify that pump/motor shafts are correctly aligned. 

 

3.6.4 Verify proper pump rotation and flow direction. 

 

3.6.5 Verify that all balancing valves and circuit setters are fully opened. 

 

3.6.6 Verify that test ports, pressure gauges and thermometers are properly installed and are 

accessible at coils, pumps, and chillers.  Extensions to allow for pipe insulation are 

required.  Pressure gauges at pumps must utilize pump taps in order for head 

measurements to correlate with the pump performance curves. 

 

3.6.7 Verify pump motor overload elements are correctly sized.  

 

3.6.8 Adjust balancing valve at pump discharge until GPM is at or greater than design GPM.  

Verify motor is not overloaded. 

 

3.6.9 Provide flow meter data (IN WC and GPM), pump performance chart with flow data 

plotted, actual motor volts/amps, rated motor volts/amps and motor overload element 

capacity. 

 

3.6.10 Verify that HVAC control systems for coils are fully operational. 

 

3.7 VAV Systems:  The Contractor shall provide the following information to the 

Engineer to substantiate the proper start-up and preliminary adjustments of variable air 

volume boxes and control systems. 

 

3.7.1 Verify that the inlet duct to the box is straight for a minimum of five (5) inlet duct 

diameters. 

 

3.7.2 Verify that the discharge duct from the box has no branch takeoffs within five (5) feet 

of the box discharge. 

 

3.7.3 Set the box thermostat to 85ºF.  Verify that the box modulates to minimum cooling,  

and the heating activates. 

 

3.7.4 Set the box thermostat to 55ºF.  Verify that the reverse operation occurs and the box 

modulates to maximum cooling. 

 

3.7.5 Set box thermostat to 75ºF.  Deadband shall not exceed 2ºF. 

 

3.7.6 Set minimum and maximum CFM based on manufacturer's calibration curves. 
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3.7.7 Verify that the static pressure probe is located 75% of the distance down the longest 

duct run.  Mark the location of the probe on the as-builts and notify the TAB 

Contractor of same. 

 

3.7.8 Verify that the static pressure control properly modulates the AHU fan's variable 

frequency drive. Set static pressure controller to maintain 1 in. w.g. as the initial 

setting. 

 

3.7.9 Verify that the supply air temperature controller properly modulates the chilled water 

control valve.  Set controller to maintain 55ºF. Verify that all heating coil control 

valves are properly modulated. 

 

3.8 Startup Report: The Contractor shall submit the startup information required by this 

section to the   Engineer in a typed report organized as outlined herein.  The Startup 

Report is required to meet the written notice described herein prior to starting TAB 

work.  TAB work will not start until the Startup Report has been submitted and 

approved. 

 

END OF SECTION 23 05 90 
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SECTION 23 05 91 - TESTING, CLEANING, AND STERILIZATION OF PIPING SYSTEMS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 This section is a Division-23 Basic Mechanical Materials and Methods section, and is 

part of each Division-21, 22, and 23 section making reference to or requiring the 

testing and other procedures specified herein. 

 

1.3 Notify the Architect/Engineer when system tests are ready to be witnessed at least 24 

hours prior to the test. 

 

1.4 All materials, test equipment, and devices required for cleaning, testing, sterilizing or 

purging shall be provided by the Contractor. 

 

2 PRESSURE TESTS 

 

2.1 General:  Provide temporary equipment for testing, including pump and gauges.  Test 

piping systems before insulation is installed wherever feasible, and remove control 

devices before testing.  Test each natural section of each piping system independently 

but do not use piping system valves to isolate sections where test pressure exceeds 

valve pressure rating.  Fill each section with indicated medium and pressurize for 

indicated pressure and time. 

 

2.2 Required test period is four hours. 

 

2.3 No piping, fixtures, or equipment shall be concealed or covered until they have been 

tested.  The contractor shall apply each test and ensure that it is satisfactory for the 

period specified before calling the Architect/Engineer to observe the test.  Test shall be 

repeated upon request to the satisfaction of those making the inspection. 

 

2.4 Observe each test section for leakage at the end of the test period. Test fails if leakage 

is observed or if pressure drop exceeds 5% of the test pressure. 

 

2.5 Check of systems during application of test pressures should include visual check for 

water leakage and soap bubble or similar check for air and nitrogen leakage. 

 

2.6 During heating and cooling cycles, linear expansion shall be checked at all elbows and 

expansion joints for proper clearance. 



 

JRA #24849  TESTING, CLEANING, AND STERILIZATION OF PIPING SYSTEMS 23 05 91 - 2 

 

2.7 Repair piping systems sections which fail required piping test.  Disassemble and re-

install using new materials to extent required to overcome leakage.  Do not use 

chemicals, stop-leak compounds, mastics, or other temporary repair methods. 

 

2.8 Pressure Test Requirements: 

 

2.8.1 Soil, Waste, and Vent  Test all piping within the building with a 10 foot head of water.  

Test piping in sections so that all joints are tested.  Provide test tees as required. 

 

2.8.2  Storm water System:  Test all piping within the building with a 10 foot head of water.  

Test piping in sections so that all joints are tested.  Provide test tees as required 

 

2.8.3 Domestic Water:  Perform hydrostatic test on all piping within the building at twice the 

normal static pressure at service point, but not less than 100 psig.  Once tested, flush 

out piping and leave under pressure of the supply main or 40 psig for the balance of the 

construction period. 

 

2.8.4 Chilled Water:  Perform hydrostatic test at 150% of the normal operating pressure, but 

not less than 100 psig. 

 

2.8.5 Fire Sprinkler System:  Perform hydrostatic test at 200 psig.  

 

3 CLEANING AND STERILIZATION 

 

3.1 General:  Clean exterior surfaces of installed piping systems of superfluous materials, 

and prepare for application of specified coatings (if any).  Flush out piping systems 

with clean water or blowdown with air before proceeding with required tests.  Inspect 

each run of each system for completion of joints, supports and accessory items. 

 

3.2 Flush and drain all water systems at least three times.  Reverse flush systems from 

smallest piping to largest piping.  Replace startup strainers with operating strainers. 

 

 

3.3 Sterilization of Domestic Water Systems: 

 

3.3.1 Prerequisites:  All new hot and cold water piping installed (complete), all fixtures 

connected, system flushed out, and system filled with water. 

 

3.3.2 The shut off valve at the water main  shall be closed, all fixture outlets opened slightly, 

and a sterilizing solution shall be introduced at a manifold connection installed by the 

Contractor at the meter. 

 

3.3.3 The solution shall contain 50 parts per million of available chlorine.  The chlorinating 

material shall be either liquid chlorine or calcium hypochlorite.  The solution shall be 



 

JRA #24849  TESTING, CLEANING, AND STERILIZATION OF PIPING SYSTEMS 23 05 91 - 3 

allowed to stand in the system for at least eight hours after which the entire system 

shall be flushed. 

 

3.3.4 After final flushing, all aerators shall be removed, cleaned, and reinstalled.  After final 

flush the residual chlorine shall not exceed 0.2 parts per million. 

 

3.3.5 The Architect/Engineer shall be notified 24 hours prior to the procedure so that it can 

be witnessed. 

 

3.3.6 Provide sampling and certified report by an independent testing lab.  Provide written 

Health Department approval of disinfection samples. 

 

3.4 Chilled Water Pipe Cleaning:  After completion of all work and operational check out 

of the HVAC installations and prior to acceptance of the project by the Owner, the 

following shall be accomplished.  The completed piping systems shall be thoroughly 

flushed (reversed flushing) as needed to remove all dirt, debris, and any foreign matter 

that may have been trapped in the piping systems during construction.  After flushing 

of systems is complete, the Contractor shall clean all main strainers and all strainers at 

air handlers.  A second cleaning of all strainers will be required if requested by the 

Engineer.  Contractor shall furnish and install all valves and piping stub outs in the 

piping systems as needed to accommodate this flushing operation.  Install the valves 

and stub outs at a location and in a manner that will allow them to remain in place for 

future flushing operations.  The flushing and strainer cleaning operations shall be 

witnessed and approved by the Engineer and Owner's representative. 

 

 

END OF SECTION 23 05 91 
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SECTION 23 05 93 – TESTING AND BALANCING OF MECHANICAL SYSTEMS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section.  

Division-23 Basic Mechanical Materials Sections apply to work of this section. 

 

1.2 Description of Work: 

 

1.2.1 Extent of testing, adjusting, and balancing work (TAB) is indicated by requirements of 

this section, and also by drawings and schedules, and is defined to include, but is not 

necessarily limited to, air distribution systems, hydronic distribution systems and 

associated equipment and apparatus of mechanical work.  The work consists of setting 

speed and volume (flow) adjusting facilities provided for systems, recording data, 

conducting tests, preparing and submitting reports, and recommending modifications 

to work as required.  

 

 

1.2.2 Coordination: Coordinate with the General Contractor and Mechanical Contractor 

responsible for the HVAC system installation as required to complete the TAB work.   

 

1.3 The intent of this specification is to balance HVAC systems within the tolerances 

listed, maintaining the pressure relationships indicated, with a minimum of noise.  

 

1.3.1 Airflow Tolerances:   

 

1.3.1.1 Air Handling: The supply air, return air and outdoor air quantities shall be balanced 

within 5% of design values.  

 

1.3.1.2 Exhaust Fans: The exhaust fan quantities shall be set as required to maintain the design 

exhaust terminal flows within ±5% of design values.  If no exhaust terminals exist, 

exhaust fan air quantities shall be balanced within ±10% of design values. 

 

1.3.1.3 Terminal Units: The air quantities associated with VAV boxes and other similar 

devices shall be balanced within ±5% of design values.  

 

1.3.1.4 Ceiling Diffusers, Supply Registers, Return and Exhaust Inlets: Balance to an air 

quantity within ±10% of the design values.  

 

1.3.2 Temperature Tolerances:   
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1.3.2.1 Air Handling Temperatures: The controlled temperatures at AHUs shall be verified to 

be under control within ±1ºF of design values.   

 

 

1.3.2.2 Chilled Water Temperatures: The chilled water controlled temperature from chillers 

shall be under control within ±1°F.  

 

1.3.2.3 Room Temperatures: Balance systems and controls within ±2°F of indicated settings.  

 

1.3.3 Pressure Relationships: Where code or design indicates a specific pressure 

relationship, the pressure relationship shall take precedence over airflow tolerances.  

Airflow tolerances may need to be held tighter than allowed tolerances to meet 

pressure relationships.  Demonstrate the existence of positive or negative pressure to 

Engineer and authority having jurisdiction by making direct measurements of room 

relative pressure and/or flow direction. 

 

1.3.4 Hydronic Flow: Balance hydronic flow rates to within ±10% of design values.  

 

1.4 Quality Assurance: The TAB Contractor shall be certified as follows: 

 

1.4.1 Tester:  A firm certified by National Environmental Balancing Bureau (NEBB) in 

those testing and balancing disciplines required for this project, who is not the Installer 

of the systems to be tested and is otherwise independent of the project.  Comply with 

NEBB's "Procedural Standards for Testing, Adjusting and Balancing of Environmental 

Systems" as applicable to this work. 

 

1.4.2 Tester:  A firm certified by Associated Air Balance Council (AABC) in those testing 

and balancing disciplines required for this project.  AABC-certified firms are 

independent by definition.  Comply with AABC's Manual MN-1 "AABC National 

Standards", as applicable to this work. 

 

1.4.3 Industry Standards:  Comply with American Society of Heating, Refrigerating and Air-

Conditioning Engineers, Inc. (ASHRAE) recommendations pertaining to 

measurements, instruments and testing, adjusting and balancing, except as otherwise 

indicated. 

 

1.5 Job Conditions: 

 

1.5.1 Do not proceed with testing, adjusting, and balancing work until HVAC work 

(including Controls) has been completed and is operable.  Ensure that there is no 

residual work still to be completed. 

 

1.5.2 Do not proceed until work scheduled for testing, adjusting, and balancing is clean and 

free from debris, dirt and discarded building materials. 
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1.5.3 Do not proceed until architectural work that would affect balancing (walls, ceiling, 

windows, doors) have been installed.  

 

1.5.4 Testing may proceed system by system, but each HVAC system must be complete as 

describe herein.  

 

1.5.5 The mechanical contractor shall make any changes in pulleys, belts, and dampers, 

and/or add dampers as required for correct balancing. 

 

1.6 Approval Submittals 

 

1.6.1 Submit the name of the proposed test and balance company for the Engineer's approval 

within thirty (30) days after awarding of contract. 

 

1.7 Test Reports and Verification Submittals: 

 

1.7.1 Submit four (4) copies of the dated test and balance report upon completion of TAB 

work.  The report shall include a list of instruments used for the work.  The report shall 

be signed by the supervisor who performed the TAB work. The report shall be certified 

by a professional engineer (registered in Florida) who is a regular employee of the 

TAB company. 

 

2 PRODUCTS 

 

2.1 Patching Materials:  Except as otherwise indicated, use same products as used by 

original Installer for patching holes in insulation, ductwork and housings which have 

been cut or drilled for test purposes, including access for test instruments, attaching 

jigs, and similar purposes. 

         

2.2 Test Instruments:  Utilize test instruments and equipment of the type, precision, and 

capacity as recommended in the referenced standard.  All instruments shall be in good 

condition and shall have been calibrated within the previous six (6) months (or more 

recently if required by standard). 

 

3 EXECUTION 

 

3.1 General: 

 

3.1.1 Examine installed work and conditions under which testing is to be done to ensure that 

work has been completed, cleaned and is operable.  Do not proceed with TAB work 

until unsatisfactory conditions have been corrected in manner acceptable to Tester. 

 

3.1.2 Test, adjust and balance environmental systems and components, as indicated, in 

accordance with procedures outlined in applicable standards, and as modified or 

detailed herein. 
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3.1.3 Test, adjust and balance systems during summer season for air conditioning systems 

and during winter season for heating systems, including at least a period of operation at 

outside conditions within 5ºF wet bulb temperature of maximum summer design 

condition, and within 10ºF dry bulb temperature of minimum winter design condition.  

When seasonal operation does not permit measuring final temperatures, then take final 

temperature readings when seasonal operation does permit.  The Contractor shall 

return for a change of seasons test at no additional cost to the Owner and submit the 

revised TAB report. 

 

3.1.4 Punch List: Prepare a deficiency (punch)list for the Contractor with a copy of the 

Engineer that lists all items that are incorrectly installed or are functioning improperly.  

Provide a retest after all items are corrected.  

 

3.1.5 Prepare TAB report of test results, including instrumentation calibration reports, in 

format recommended by applicable standards, modified as required to include all data 

listed herein. 

 

3.1.6 Patch holes in insulation, ductwork and housings, which have been cut or drilled for 

test purposes, in manner recommended by original Installer. 

 

3.1.7 Mark equipment settings, including damper control positions, valve indicators, fan 

speed control levers, and similar controls and devices, to show final settings at 

completion of TAB work.  Provide markings with paint or other suitable permanent 

identification materials. 

 

3.1.8 Include in the TAB report recommendations for correcting unsatisfactory mechanical 

performances when system cannot be successfully balanced. 

 

3.1.9 Include an extended warranty of ninety (90) days after completion of test and balance 

work, during which time the Engineer, at his discretion, may request a recheck, or 

resetting of any component as listed in test report.  The TAB company shall provide 

technicians and instruments and make any tests required by the Engineer during this 

time period. 

 

3.2 Controls 

 

3.2.1 Check all HVAC controls for proper location, calibration and sequence of operation.  

 

3.2.2 Check operation of all controllers and controlled devices to verify proper action and 

direction. Check the operation of all interlocks. 

 

3.2.3 Check all motorized  damper motors for leakage when in closed position.  If leakage is 

more that 5%, mechanical contractor shall reset damper linkages. 

 

3.2.4 Check all control valves for complete closure and correct action under all operating 

conditions. 
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3.3 Air Balancing 

 

3.3.1 Leakage tests on ductwork must have been completed before air balancing. 

 

3.3.2 Set dampers, volume controls and fan speeds to obtain specified air delivery with 

minimum noise level.  Rebalance as required to accomplish this.  Simulate fully loaded 

filters during test. 

 

3.3.3 Set grille deflections as noted on plans.  Modify deflections if required to eliminate 

drafts or objectionable air movement. 

 

3.3.4 Record air terminal velocity after completion of balance work.  

 

3.3.5 Record final grille and register deflection settings if different from that specified on 

contract drawings. 

 

3.3.6 Record all fan speeds. 

 

3.3.7 Variable Volume Systems:  Measure static pressure at all major branches.  Adjust fan 

controllers for minimum required static pressure at the end of each branch.  Report the 

value of the minimum static pressure that will provide proper air flow in the TAB 

Report and set the static pressure controller for this value.  Balance outlets.  Check at 

both modulated and full cooling condition.  Traverse main supply and return ducts. 

Balance the return system.  All branches must be above the minimum required static 

pressure.  The supply fan  must track and deliver the proper air quantity with no 

objectionable noise.  The system must be stable and operate properly at 50% load. 

 

3.4 Water Balancing: 

 

3.4.1 Verify proper operation of all hydronic system devices to ensure the proper flowrate, 

flow direction and pressure are maintained.  

 

3.4.2 Set balancing cocks and flow control devices to obtain specified water flow rates to all 

coils. Coordinate with variable speed drives to achieve balance with minimum pump 

speed.  Report the value of the minimum differential pressure that will provide proper 

flow in the TAB Report and set the differential pressure controller for this value.  

Pump balancing cocks (if present) shall be fully open.  Set maximum speed control for 

variable speed pumps. 

 

 

3.4.3 Variable Speed Pumps:  Verify proper operation of variable speed pumps and the 

associated distribution system at 50% and 100% flow.  

 

3.5 Data Collection: 
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3.5.1 In addition to the data required for any specified performance tests, measure and 

record the temperatures, pressures, flow rates, and nameplate data for all components 

listed herein. 

 

3.5.2 It is the intent of this section to record data on balanced systems, under normal 

operating or design conditions. 

 

3.5.3 Temperatures: 

 

 1. Outside dry and wet bulb temperatures. 

  

2. Dry bulb temperature in each room and at least one wet bulb temperature in each 

zone. 

 

3. Refrigerant liquid and suction temperatures. 

  

4. Inlet and outlet temperature of each heat exchange device  - both fluids. 

 

3.5.4 Pressures: 

 

 1. Suction and discharge static pressure of each fan. 

  

2. Suction and discharge pressure of each pump. 

  

3. Each refrigerant suction and discharge pressure. 

 

 4. Water pressure drop through each heat exchanger. 

 

3.5.5 Flow rates: 

 

 1. Flow rate through each fan. 

  

2. Flow rate through each pump. 

  

3. Flow rate through each coil or heat exchange device. 

 

3.5.6 Nameplate Data: 

 

1. Complete nameplate data for all equipment. 

 

2. Motor data to include horsepower, phase, voltage, RPM, full load nameplate 

current, fuse rating in disconnect switch, number or manufacturer's size 

designation, and ampere rating of overcurrent and low voltage protection devices 

in starters. 

 

3.6 All test openings in ductwork shall be resealed in an approved manner. 
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 END OF SECTION 23 05 93 
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SECTION 23 07 13 - EXTERIOR INSULATION FOR DUCTWORK   

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Approval Submittals:   

 

1.3.1 Product Data:  Submit producer's data sheets and installation instructions on each 

insulation system including insulation, coverings, adhesives, sealers, protective 

finishes, and other material recommended by the manufacturer for applications 

indicated.  Submit for: 

 

 Rigid duct insulation 

 Flexible duct insulation 

 

1.4 O&M Data Submittals:  Submit a copy of all approval submittals.  Include in O&M 

Manual.   

     

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

insulation products by Knauf, Owens-Corning, Johns Manville, Certainteed. 

 

2.2 Flame/Smoke Ratings:  Provide composite mechanical insulation (insulation, 

coverings, sealers, mastic, and adhesive) with a flame spread rating of 25 or less, and a 

smoke-developed rating of 50 or less as tested by ANSI/ASTM 84. 

 

2.3 Rigid Fiberglass Insulation Board:  ASTM C612, Class 1 (non load bearing).  Boards 

shall be 3 pcf density with UL rated aluminum foil vapor barrier (FSK). 

 

2.4 Flexible Fiberglass Insulation:  ASTM C553, Type I, Class B-3 (temperature less than 

350ºF).  Duct wrap shall be 1 pcf density with UL rated aluminum foil vapor barrier 

(FSK). 

 

2.5 General Purpose Mastic:  Benjamin Foster 35-00 Series, Insulcoustic VIAC Mastic, 

Childers CP-10, or approved equal.  The final selection of this product for the specific 
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application indicated is the responsibility of the insulation supplier.  The insulation 

system must meet the specified application. 

 

2.6 Vapor Barrier Sealant:  Benjamin Foster 30-35, Insulcoustic IC-501, 3M EC-1378, 

Childers CP-30, or approved equal.  Provide "Low Odor" type.  The final selection of 

this product for the specific application indicated is the responsibility of the insulation 

supplier.  The insulation system must meet the specified application. 

 

2.7 Adhesive:  Benjamin Foster 85-20, Insulcoustic IC-205, 3M EC-35, Childers CP-82, 

Childers CP-89, or approved equal.  The final selection of this product for the specific 

application indicated is the responsibility of the insulation supplier.  The insulation 

system must meet the specified application. 

 

2.8 Fiber-Glas Mesh:  10x10 Mesh.  Foster Mastafab or equal. 

 

3 EXECUTION 

 

3.1 Insulate all rectangular supply, return and outdoor air ductwork exposed in mechanical 

rooms, mezzanines, fan lofts or in any finished spaces with 1½" thick rigid fiberglass 

insulation with vapor barrier. 

 

3.2 Installation of Rigid Insulation: 

 

3.2.1 Clean and dry ductwork prior to insulating.  Butt insulation firmly together to ensure 

complete and tight fit over surfaces to be covered.  Install insulation materials with 

smooth and even surfaces.  Maintain integrity of aluminum vapor barrier wherever 

possible.  Extend insulation without interruption through walls, floors and similar 

ductwork penetrations except where otherwise indicated. 

 

3.2.2 Install with facing to the outside with a maximum of 25% compression.  Butt all 

insulation joints firmly together.  Longitudinal seam of the vapor retarder must be 

overlapped a minimum of 2”.  Staples shall be outward clinch and placed 

approximately 6” on center.  All penetrations, joints, seams, and damage to the facing 

shall be sealed with glass fabric and mastic prior to system startup.  For rectangular 

ducts over 24” wide, secure the insulation to the bottom of the duct with mechanical 

fasteners spaced on 12” centers to reduce sag.  Do not overcompress the insulation 

with the retainer.  Larger ducts shall be secured with fasteners on 12-inch centers and 3 

inches from all edges.        

 

3.2.3 Apply open mesh glass fabric embedded in vapor barrier mastic.  Then apply a second 

coat of general purpose mastic with aluminum grey color.  This finish shall be 

complete over all rigid insulation. 

 

3.3 Insulate all supply, return and outdoor air ductwork concealed above ceilings, in 

chases, or elsewhere, and the backs of all ceiling supply outlets with 2" thick fiberglass 

blanket insulation with vapor barrier.  
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3.4 Installation of Flexible Insulation: 

 

3.4.1 Insulate round elbows and fittings with wrap such that thickness is equal to adjoining 

duct covering. Clean and dry ductwork prior to insulating.   

 

3.4.2 Adhere insulation to duct with 50 percent coverage using approved insulation adhesive 

applied in 6-inch wide swaths with 6-inch spaces between swaths.  Additionally secure 

insulation with perforated pins and Tuff-Bond or by self-sticking pins with a 3/8" self-

tapping screw.  Space on 12-inch centers and 3 inches from all edges.  Ducts up 

through 24" wide only require one row of pins.  Ducts over 24" wide shall have pins 

spaced as described herein. 

 

3.4.3 Lap all joints 2 inches and seal joints with 4-inch wide strips of open mesh glass fabric 

embedded in two coats of general purpose mastic.  

 

3.4.4 Seal all punctures and breaks in aluminum vapor barrier with open mesh glass fabric 

and vapor barrier sealant. 

 

END OF SECTION 23 07 13 
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SECTION 23 07 16 - INSULATION FOR HVAC EQUIPMENT AND PIPING  

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 

  

1.3 Approval Submittals:   

 

1.3.1 Product Data:  Submit producer's data sheets and installation instructions on each 

insulation system including insulation, coverings, adhesives, sealers, protective 

finishes, and other material recommended by the manufacturer for applications 

indicated.  Submit for: 

 

  

 Cellular glass pipe above ground insulation   

 Cellular glass equipment insulation 

 Flexible unicellular piping insulation   

     

 

1.4 O&M Data Submittals:  Submit a copy of all approval submittals.  Include in O&M 

Manual.     

  

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

insulation products by Armstrong, Johns Manville, Knauf, Owens Corning, Pittsburgh 

Corning, U.S. Rubber, or approved equal.  All products shall be asbestos-free. 

 

2.2 Flame/Smoke Ratings:  Provide composite mechanical insulation (insulation, jackets, 

coverings, sealers, mastics, and adhesive) with a flame-spread rating of 25 or less, and 

a smoke-developed rating of 50 or less, as tested by ANSI/ASTM E84. 

 

2.3 Pipe Insulation Materials: 

 

2.3.1 Cellular Glass Pipe Insulation:  ASTM C552, Type II, Class 1. (Uncovered.) 
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2.3.2 Flexible Unicellular Pipe Insulation:  ASTM C534, Type I. (Tubular, suitable for use 

to 200 F.) 

 

2.3.3 Staples, Bands, Wires, and Cement:  As recommended by the insulation manufacturer 

for applications indicated. 

 

2.3.4 Adhesives, Sealers, Protective Finishes:  Products recommended by the insulation 

manufacturer for the application indicated. 

 

2.3.5 Bedding Compound for CHW Systems:  Provide products to completely cover the 

piping or equipment being insulated.  Products shall be low odor type.  Foster 30-45 or 

Foster 95-50. 

 

2.3.6 Jackets:  ASTM C921, Type I (vapor barrier) for piping below ambient temperature, 

Type II (vapor permeable) for piping above ambient temperature.  Type I may be used 

for all piping at Installer's option.  Provide color coded PVC jacket for all insulated 

piping exposed inside mechanical rooms.  CHW = WHITE;  Domestic Water = BLUE;  

 

2.4  Equipment Insulation Materials: 

 

2.4.1 Cellular Glass Equipment Insulation:  ASTM C552, Type I (Flat, uncovered blocks.) 

 

2.4.2 Jacketing Material for Equipment Insulation:  Provide 8 ounce canvas jacket, except as 

otherwise indicated. 

 

2.4.3 Equipment Insulation Compounds:  Provide adhesives, cements, sealers, mastics and 

protective finishes as recommended by insulation manufacturer for applications 

indicated. 

 

2.4.4 Equipment Insulation Accessories:  Provide staples, bands, wire, wire netting, tape 

corner angles, anchors, stud pins and metal covers as recommended by insulation 

manufacturer for applications indicated. 

 

3 EXECUTION 

 

3.1 General: 

 

3.1.1 Install thermal insulation products in accordance with manufacturer's written 

instructions, and in compliance with recognized industry practices to ensure that 

insulation serves intended purpose. 

 

3.1.2 Install insulation materials with smooth and even surfaces and on clean and dry 

surfaces.  Redo poorly fitted joints.  Do not use mastic or joint sealer as filler for 

gapping joints and excessive voids resulting from poor workmanship. 

 



JRA #24849                 INSULATION FOR HVAC EQUIPMENT AND PIPING 23 07 16 - 3 

3.1.3 Maintain integrity of vapor-barrier on insulation and protect it to prevent puncture and 

other damage.  Label all insulation "ASBESTOS FREE". 

     

3.1.4 Do not apply insulation to surfaces while they are hot or wet. 

 

3.1.5 Do not install insulation until systems have been checked and found free of leaks.  

Surfaces shall be clean and dry before attempting to apply insulation.  A professional 

insulator with adequate experience and ability shall install insulation. 

 

3.1.6 Do not install insulation on pipe systems until acceptance tests have been completed 

except for flexible unicellular insulation.  Do not install insulation until the building is 

"dried-in". 

 

3.2 Cellular Glass Pipe Insulation (Above Ground): 

 

3.2.1 Insulate the following piping systems: 

 

3.2.1.1 Chilled water:  smaller than 6" pipe - 1½" thick, 6" and larger pipe - 2" thick. 

 

3.2.2 Indoor Concealed Locations:  Cut insulation in sections at fittings and carefully fit to 

the pipe and fittings.  No stovepipe or single miter insulation is allowed.  Apply 

cellular glass bedding compound to the pipe surface to achieve 100% coverage (chilled 

water piping only).  Apply vapor barrier mastic to all edges of the cellular insulation 

and between joints in the insulation.  Wire the cellular glass in place with stainless 

steel wire 9 inches on center.  Provide hanger or pipe support shields of 16 gauge 

(minimum) galvanized steel over or embedded in the insulation which extend halfway 

up the pipe insulation cover and at least 4" on each side of the hanger.  Insulate 

anchors adequately to prevent moisture condensation problems.  Finish cellular glass 

insulation in concealed locations by applying a white fire rated jacket with self sealing 

lap.  Finish elbows and fittings with weather barrier sealant reinforced with white glass 

fabric. 

 

3.2.3  Indoor Exposed and Mechanical Rooms:   Cut insulation in sections at fittings and 

carefully fit to the pipe and fittings.  No stovepipe or single miter insulation is allowed.  

Apply cellular glass bedding compound to the pipe surface to achieve 100% coverage 

(chilled water piping only).  Apply vapor barrier mastic to all edges of the cellular 

insulation and between joints in the insulation.  Wire the cellular glass in place with 

stainless steel wire 9 inches on center.  Provide hanger or pipe support shields of 16 

gauge (minimum) galvanized steel over or embedded in the insulation which extend 

halfway up the pipe insulation cover and at least 4" on each side of the hanger.  

Insulate anchors adequately to prevent moisture condensation problems.  Finish 

cellular glass by applying a heavy coat of weather barrier sealant reinforced with white 

glass fabric to the exterior of the cellular glass.  Cover straight piping with smooth, 

gloss finished, color coded PVC jacket.  Use matching factory-made PVC covers for 

fittings and valves.  Provide removable end caps for strainers.  Jacketing shall be 

applied with the longitudinal seam positioned to shed water. 
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3.3 Cellular Glass Equipment Insulation: 

 

3.3.1 Insulate the following equipment: 

 

3.3.1.1 Chilled water pumps -2" thick.   

 

3.3.1.2 Chilled water compression tank -1½" thick.   

 

3.3.2 Carefully cut and fit blocks to curvature of the surface of the equipment in staggered 

joint fashion.  For pumps and other equipment requiring maintenance access, fabricate 

boxes with removable insulation sections.  Chilled water equipment metal surfaces in 

contact with cellular glass shall be carefully covered with bedding mastic, except 

pumps and other equipment requiring maintenance access.  Apply vapor barrier mastic 

to all edges and joints in the insulation.  Fasten insulation in place with stainless steel 

wire 9" on centers.  Provide heavy coat of vapor barrier sealant over the cellular glass.  

Embed a layer of open weave glassfab cloth in mastic; overlap joints at least two 

inches and smooth surfaces.  Apply a finish coat of machinery grey general purpose 

mastic heavy enough to hide weave in cloth and finish to smooth surface. 

 

3.4 Flexible Unicellular Pipe Insulation: 

 

3.4.1 Insulate the following piping systems: 

 

3.4.1.1 Condensate drains from air conditioning units - ½" thick. 

 

3.4.1.2 Refrigerant piping - ¾" thick.   

 

3.4.2 Apply insulation in accordance with the manufacturer's recommendations and 

instructions.  Mitre cut insulation to fit pipe fittings.  Use approved cement to seal all 

joints and ends in the insulation. 

 

3.4.3 Insulation outside the building shall be protected by a smooth 0.016" thickness 

aluminum jacket secured with aluminum bands on 12" centers. 

 

END OF SECTION 23 07 16 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

SECTION 23 08 00 – HVAC SYSTEMS COMMISSIONING 

 

 

1 GENERAL 

 

1.1 Intent:  This section describes the work performed by the HVAC Commissioning 

Authority and the supporting work required by the Contractor.  The Commissioning 

Authority will be provided by the Owner.  Drawings and general provisions of 

Contract, including General and Supplementary Conditions and Division 1 

Specification sections, apply to work of this section. 

 

1.2 Intent of Commissioning Process: 

 

1.2.1 Verify operation and functional performance of HVAC systems for compliance with 

"Design Intent".  "Design Intent" is used to indicate the detailed requirements for the 

HVAC system, comprised of: 

 

1.2.1.1 Design criteria and assumptions 

 

1.2.1.2 HVAC system description and contract documentation 

 

1.2.1.3 Intended methods of system operation and maintenance 

 

1.2.2 Document HVAC tests and inspections. 

 

1.2.3 Verify application of operation and maintenance manuals, as-built (record) documents, 

spare parts listing, special tools listing, and other items as may be specified herein for 

support of HVAC systems and equipment. 

 

1.2.4 Coordinate and direct training to personnel for operation and maintenance of HVAC 

equipment and systems. 

 

1.3 Contractor Scope of Work: Contractor shall perform all testing and demonstrate 

system operation to support the Commissioning Authority.  Furnish labor and 

materials to support complete HVAC commissioning as specified herein.  Support 

interim commissioning of HVAC systems during initial season operation and follow-

up commissioning of required HVAC systems during additional season operation. 

 

1.4 Quality Assurance: 

 

1.4.1 Reference:  ASHRAE Guideline 1-1989, Guideline for Commissioning of HVAC 

Systems. 
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1.5 Documentation: 

 

1.5.1 Provide the following to the  Commissioning Authority: 

 

1.5.1.1 Project plans and specification (contract documents), authorized revisions, approved 

HVAC shop drawings and submittals, Startup Reports, Test and Balance Reports, 

factory start-up and certification reports, etc. 

 

1.5.1.2 Records of required code authority inspections, documentation sign-offs, etc. 

 

1.6 Submittals: 

 

1.6.1 HVAC Commissioning Authority will provide the following to the Contractor prior to 

starting the commissioning process. 

 

1.6.1.1 Commissioning Plan consisting of specific equipment and system checklists. 

 

1.6.1.2 Training Plan outlining required training and documentation. 

 

1.6.2 Contractor shall submit the following prior to starting the commissioning process. 

 

1.6.2.1 O & M Manuals. 

 

1.6.2.2 Startup Reports per Division-15 section 15970. 

 

1.6.2.3 Test and Balance Report per Division-15 section 15985. 

 

1.6.2.4 List of tools and spare parts required by other Division-15 sections. 

 

1.7 Responsibilities: 

 

1.7.1 Contractor: 

 

1.7.1.1 Contractor shall verify completeness of the building envelope, perimeter and interior 

items which effect proper operation and control of HVAC equipment and systems. 

 

1.7.1.2 The Contractor shall assure participation and cooperation of trade subcontractors 

(electrical, Test and Balance, controls/energy management, IAQ, and HVAC) under 

his contract as required for the commissioning process. 

 

1.7.1.3 The Contractor shall secure the services of a professional video service to record all 

training sessions provided by the subcontractors.  All training sessions shall be 

professionally videotaped and two copies provided to the Owner. 

 

1.7.2 Subcontractors: 
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1.7.2.1 The subcontractors shall be responsible for providing labor, material, equipment, etc., 

required within the scope of their specialty to facilitate the commissioning process.  

The subcontractors shall perform tests and verification procedures required by the 

commissioning process when requested by the Commissioning Authority and directed 

by the Contractor. 

 

1.7.3 Owner: 

 

1.7.3.1 Owner will schedule their personnel to participate in the HVAC Commissioning 

process.  This may include building security personnel, HVAC operation personnel 

and maintenance personnel.  Personnel operating and maintaining equipment and 

systems will attend training sessions., factory schools, and educational institutions 

where indicated. 

 

1.7.3.2 Owner shall advise HVAC Commissioning Authority regarding changes in building 

occupancy and/or usage. 

 

2 PRODUCTS 

 

2.1 Instrumentation:  Instrumentation shall be provided by agency performing prior tests.  

Instruments shall be operated by the individual agency requested by the HVAC 

Commissioning Authority, as specified elsewhere herein. 

 

3 EXECUTION 

 

3.1 General: The HVAC Commissioning Authority will actively participate in 

construction phase of the project to assure compliance with HVAC Commissioning 

requirements. 

 

3.2 Procedure: 

 

3.3 The Contractor and designated subcontractors shall attend a pre-commissioning 

meeting and establish requirements for HVAC Commissioning.  The meeting shall 

outline: 

 

3.3.1 Responsibility of each trade affected by HVAC Commissioning, as required by 

appropriate section of the specification and indicated on equipment and system 

checklists provided by the Commissioning Authority. 

 

3.3.2 Requirements for documentation as listed elsewhere herein. 

 

3.3.3 Requirements for documentation of HVAC test and inspections required by code 

authorities. 

 

3.3.4 Requirements for the HVAC Commissioning program during specified operational 
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seasons, part and full loads and as further delineated in Paragraph 3.4. 

 

3.3.5 Format for training program for operation and maintenance personnel. 

 

3.4 HVAC Commissioning: 

 

3.4.1 To assist in the commissioning process, Operation and Maintenance manuals shall be 

completed and turned over to the Commissioning Authority as soon as possible during 

the course of the project, but in no case later than one month prior to the initial date 

scheduled for substantial completion. 

 

3.4.2 The Commissioning Authority will develop and submit a specific start-up, check-out 

and sign-off form for every piece of major equipment and system, as well as other 

equipment hereinafter listed.  These forms and lists do not necessarily indicate all the 

activities, tests and procedures which will be required for the commissioning and start-

up of each piece of equipment and system. 

 

3.4.3 The Contractor shall develop a work plan to demonstrate system and equipment 

operation.  Systems shall be operated under actual or simulated full load conditions.  

Identify the operating conditions in the work plan.  Where appropriate, systems shall 

be operated, tested, and started up, to assure operation for each of their seasonal or 

different characteristics, (for example heating and cooling). 

 

3.4.4 After all components and every system has been completely commissioned, provide a 

2-week, 24-hour per day fully functional automatic operation period of all systems 

simultaneously.  This shall be successfully concluded before systems are accepted by 

the Owner. 

 

3.4.5 Execute the final approved start-up and commissioning plan. 

 

3.4.6 HVAC Commissioning shall begin only after HVAC equipment and systems, along 

with related equipment, systems, structures and areas are complete.  Systems may be 

commissioned individually if requested by the Contractor and approved by the 

Commissioning Authority. 

 

3.4.6.1 Verify Test and Balance readings, such as: 

 

3.4.6.1.1 Supply and return air volumes 

 

3.4.6.1.2 Fan performance 

 

3.4.6.1.3 Hydronic performance 

 

3.4.6.1.4 Branch duct readings 

 

3.4.6.1.5 Chiller performance 
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3.4.6.2 Verify calibration of thermostats and related controls, such as: 

 

3.4.6.2.1 VAV boxes 

 

3.4.6.2.2 Fan coil units 

 

3.4.6.2.3 Damper settings 

 

3.4.6.2.4 Valve positions 

 

3.4.6.3 Verify readings of remote data and control systems (Energy Management Control 

System), such as: 

 

3.4.6.3.1 Temperatures 

 

3.4.6.3.2 Air Flows 

 

3.4.6.3.3 Damper positions 

 

3.4.6.3.4 Differential pressures 

 

3.4.6.3.5 Water temperatures 

 

3.4.6.4 Verify that the total HVAC system is performing to provide conditions as outlined in 

"Design Intent", for seasonal full load and part load conditions, as follows: 

 

3.4.6.4.1 Temperature 

 

3.4.6.4.2 Humidity 

 

3.4.6.4.3 Air changes 

 

3.4.6.4.4 Air movement 

 

3.4.6.4.5 Air quality 

 

3.4.6.4.6 Zone control 

 

3.4.6.4.7 Energy Management 

 

3.4.6.4.8 Pressurization 

 

3.4.6.4.9 Control response 

 

3.5 HVAC Start-Up Procedures: 
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3.5.1 Prior to start-up of any air handling equipment, the Commissioning Authority and the 

Contractor shall inspect the installation and verify that: 

 

3.5.1.1 Ductwork is complete, clean and pressure-tested per specifications. 

 

3.5.1.2 Prefilters and final filters are installed by the Contractor per design specifications; 

prefilters are to be replaced by the Contractor as required during this start-up period.  

The final filters shall be replaced by the Contractor any time that the static pressure 

drop across the filter exceeds 1.0".  The filters installed shall meet design 

specifications and shall be dated with a felt-tip marker upon installation. 

 

3.5.1.3 All electrical work is complete. 

 

3.5.1.4 Safety devices are in place and operational. 

 

3.5.1.5 Energy Management controls are installed and have been verified to be operational by 

the controls contractor. 

 

3.5.1.6 All piping has been installed and insulated per specifications. 

 

3.5.2 Prior to Occupancy: 

 

3.5.2.1 No less than two weeks prior to substantial completion, the HVAC system for the 

space to be occupied shall be approved by the Commissioning Authority to be 

operational under the start-up procedures and shall be set up by the Contractor to 

operate continuously on a 24-hour basis.  The following requirements shall be 

established by the Commissioning Authority and adhered by to the contractors during 

this period: 

 

3.5.2.1.1 The Energy Management Control System is completely installed, and the EMCS 

Contractor has submitted a statement verifying that the system is complete and 

operational. 

 

3.5.2.1.2 The HVAC air side and water systems shall be balanced at design levels by the 

Contractor, all systems and devices shall be operating according to specifications, and 

the Contractor’s TAB report has been submitted to an approved by the HVAC system 

Design Engineer. 

 

3.5.2.1.3 Outdoor air shall be set at maximum design levels and maintained at those levels 

continuously during the two-week ventilation period. 

 

3.5.2.1.4 Chilled water temperature (where applicable) shall be operating at design levels.  

Supply air off-coil temperatures shall be at design levels. 

 

3.5.2.1.5 All exhaust systems are operational and functioning according to design CFM and 
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specifications. 

 

3.5.2.1.6 All electric heaters and hydronic reheat systems are installed and operational. 

 

3.5.2.1.7 Prefilters shall continue to be replaced by the Contractor as required per the start-up 

schedule.  The final filter shall be replaced by the Contractor at any time that the static 

pressure drop across the filter exceeds 1.0". 

 

3.5.2.1.8 All interior spaces are secured with doors and windows normally closed. 

 

3.5.2.1.9 Interior air quality shall be maintained at 75ºF and relative humidity less than 60%. 

 

3.5.3 At Occupancy:  Following the date of final completion and prior to occupancy, the 

Commissioning Authority shall verify all prefilters and final filters have been replaced 

with new, approved, specified filters. 

 

3.6  Scheduling of Commissioning Activities 

 

3.6.1  The contractor shall develop a schedule of commissioning related activities.  The 

activities to include in the schedule and their relationship are listed below, in this 

specification section and in other specification sections.   

 

3.6.2  The Commissioning Schedule shall include milestones and activities listed below: 

 

3.6.2.1 Notice to Proceed 

 

3.6.2.2  Commissioning Kickoff Meeting 

 

3.6.2.3  Equipment Startup 

 

3.6.2.4  Start of Functional Testing 

 

3.6.2.5  Training Planning Workshop 

 

3.6.2.6  Owner Training Session 

 

3.6.2.7  Substantial Completion Inspection 

 

COMMISSIONING ACTIVITIES AND SCHEDULE RELATIONSHIP 

 

Task 
Specification 

Paragraph 
Schedule Relationship 

Contractor to provide current Contract 

Documents and changes to CxA 

1.5.1.1 Upon contractor’s Notice-To-

Proceed and throughout the project 

if changed. 

Commissioning Schedule  Seven days prior to Commissioning 
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Kickoff Meeting. 

Schedule Commissioning Kickoff Meeting  Schedule Commissioning Kickoff 

Meeting within 30 days after 

mobilization to the site. 

Contractor to provide Approved HVAC 

shop drawings and submittals to CxA 

1.5.1.1 Within 15 days of Engineers’ 

Approval. 

Contractor to provide O & M Manuals 1.6.2.1 & 

3.4.1 

No Later than one month prior to 

date of scheduled Substantial 

Completion Inspection. 

Contractor to provide Startup Reports to 

CxA 

1.5.1.1 & 

1.6.2.2 

Within one week of Equipment 

Startup. 

Contractor to provide Test and Balance 

Report to CxA 

1.5.1.1 & 

1.6.2.3 

Prior to Start of Functional Testing 

Contractor & CxA Pre-Start-Up Inspection 3.5.1 No less than three days prior to any 

Equipment Startup activity. 

Contractor to provide Certification Reports 

to CxA. 

         Ductwork Pressure Test 

         DDC Statement of Completeness 

         Engineer’s approval of T&B Report 

         Verification of completeness 

1.5.1.1 

 

3.5.1.1 

3.5.2.1.1 

3.5.2.1.2 

1.7.1.1 & 

3.4.6 

No later than seven days prior to 

Start of Functional Testing. 

Contractor shall coordinate, schedule and 

train Owner’s personnel in accordance with 

Training Plan provided by CxA. 

1.7.1 Attend Training Planning 

Workshop 30 days prior to 

Substantial Completion Inspection. 

Conduct Training Session 10 days 

prior to Substantial Completion 

Inspection. 

Contractor to provide Training and 

videographer 

1,6.1.2 At Training Session 

Contractor to provide a list of 

manufacturers recommended tools and 

spare parts. 

1.6.2.4 Prior to Training Planning 

Workshop 

Contractor to support Initial Season 

Commissioning Activities 

1.3 Construction Commissioning 

activity 

Contractor to support Additional Season 

Commissioning Activity 

1.3 Post Construction Change of Season 

Contractor to provide Records of Code 

Authority Inspections to CxA 

1.5.1.2 Within Ten-days of Code 

Inspection. 

Contractor to perform Equipment 

Prefunctional Checklist  

3.4.2 Seven Days prior to Equipment 

Startup. 

MC and Cntrls Contractor Demonstration 3.4.3 Upon receipt of DDC Statement of 

Completeness (both program and 

graphics) 

Two-week Operational Test Period 3.4.4 Start two-week period upon 

successful Functional Testing 
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Demonstration 

 

 END OF SECTION 

 

 

 

END OF SECTION 23 08 00 
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SECTION 23 09 13 - VARIABLE FREQUENCY DRIVES 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of variable frequency drive work required by this section is indicated on 

drawings and schedules, and by requirements of this section.  Motor characteristics are 

specified in Division-23 section “Electric Motors”.   Control sequences are specified in 

the mechanical drawings. 

 

1.4 Refer to other Division-23 sections for installation of pumps, AHUs, pressure taps, and 

flow stations in mechanical systems; not work of this section.  Coordinate with pump 

and air handling unit suppliers. 

 

1.5 Refer to Division-26 sections for the following work; not work of this section. 

 

1.5.1 Power supply wiring for power source to power connection on pumps, air handling 

units, drives, controls and/or unit control panels.   

 

1.6 Provide the following electrical work as work of this section, complying with 

requirements of Division-26 sections:  Control wiring and signal wiring between field-

installed controls, indicating devices, and unit control panels. 

 

1.7 Codes and Standards: 

 

1.7.1 Electrical Standards:  Provide electrical products which have been tested, listed and 

labeled by UL and comply with NEMA standards. 

 

1.7.2 NEMA Compliance:  Comply with NEMA standards pertaining to components and 

devices for electric control systems. 

 

1.7.3 NFPA Compliance:  Comply with NFPA 90A "Standard for the Installation of Air 

Conditioning and Ventilating Systems" where applicable to controls and control 

sequences. 

 

1.7.4 NEC Compliance:  Comply with NFPA 70 National Electric Code. 
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1.8 Approval Submittals: 

 

1.8.1 Product Data:  Submit manufacturer's technical product data for each type of drive 

furnished, indicating dimensions, capacities, performance characteristics including 

harmonic contributions, electrical characteristics, finishes of materials, and including 

installation instructions and start-up instructions. 

 

1.9 Test Reports and Verification Submittals:   

 

1.9.1 Submit manufacturer’s representative startup report. 

 

1.10 O&M  Data:  Submit maintenance instructions and spare parts lists.  Include this data, 

a copy of approval data in O&M manual.  

 

2 PRODUCTS 

 

2.1 General:  Provide products in sizes and capacities indicated, consisting of variable 

frequency drives, bypass devices, disconnects, controllers, sensors, transmitters, and 

other components as required for a complete installation.  Except as otherwise 

indicated, provide manufacturer's standard system components as indicated by 

published product information, designed and constructed as recommended by 

manufacturer. 

 

2.2 Variable Frequency Drives:  Provide UL or ETL approved, variable torque, variable 

frequency drives capable of being used with AC induction motors without causing 

overheating or excessive noises.  Drives shall be housed in NEMA 1 enclosures.  The 

supplier shall perform all necessary electric power analyses as required to ensure the 

drives operate properly in the service indicated.  Provide the following performance 

and construction features: 

 

2.2.1 The drive may be either voltage or current source, but current source drives must 

incorporate a voltage clamping circuit.  Drives must be able to be tested under no-load 

conditions. 

 

2.2.2 The controller shall accept power as indicated on the drawings and provide a variable 

frequency output for speed control from 10% to 100% of base speed (1,800 rpm 

nominal).  Provide fused input. 

 

2.2.3 The drive shall produce a variable frequency, adjustable voltage output with a constant 

input power factor of at least 0.95 and a variable-torque constant volts/Hz ratio.  The 

input stage shall use a full wave diode bridge.  Provide DC switching power supply.   

 

2.2.4 The drive shall maintain an overall efficiency from input to output of at least 95% over 

the full range of operation. 
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2.2.5 The output stages shall not generate unacceptable line noise, motor noise, or radio 

frequency interference.  Any isolation transformers, filters, or other devices required to 

prevent these problems, or to enable the drive to function properly with the available 

utility power shall be provided by the manufacturer. 

 

2.2.6 All units shall be warranted for a period of 18 months. All drives shall be pretested 

before shipment. 

 

2.2.7 Drive features: 

 

2.2.7.1 Minimum and maximum speed adjustment. 

 

2.2.7.2 Separately adjustable acceleration and deceleration. 

 

2.2.7.3 Adjustable current limit. 

 

2.2.7.4 Short circuit protection and ground fault protection.  Over current protection for driven 

load shall comply with NEC. 

 

2.2.7.5 4-20 mA current follower circuitry.   

 

2.2.7.6 Under voltage and over voltage protection. 

 

2.2.7.7 Over temperature protection. 

 

2.2.7.8 Automatic restarting of the drive after a power outage or power dip. 

 

2.2.7.9 Drive status indicator lights and digital display. 

 

2.2.7.10 Mode selector switch (manual, off, automatic). 

 

2.2.7.11 Manual speed potentiometer. 

 

2.2.7.12 Speed indicator and ammeter to indicate full range of operation. 

 

2.2.7.13 Motor starter circuit and drive input disconnect switch complying with NEC Article 

430.   

 

2.2.7.14 Phase loss protection (input and output) and surge suppression. 

 

2.2.7.15 Start/stop control in any mode from a remote signal or contact closure. 

 

2.2.7.16 Auxiliary contact indicating run status. 

 

2.2.7.17 BACnet MS/TP interface. 

 



 

JRA #24849                                  VARIABLE FREQUENCY DRIVES 23 09 13 - 4 

2.2.7.18 Internal diagnostics displayed on unit panel. 

 

2.2.7.19 Drives shall be able to catch and drive into a spinning load. 

 

2.2.8 Acceptable Manufacturers:  Subject to compliance with requirements, provide drives 

of one of the following: 

 

 Toshiba 

Magnetek 

 Asea Brown Boveri 

 Yaskawa 

 

3 EXECUTION 

 

3.1 Examine areas and conditions under which variable volume systems are   to be 

installed.  Do not proceed with work until unsatisfactory conditions have been 

corrected in a manner acceptable to Installer. 

 

3.2 Install the variable frequency drives where shown on the drawings in accordance with 

the manufacturer's printed instructions.  If the drive is not located within sight of the 

motor, provide additional line side disconnect switch complying with the requirements 

of Division 21 and NEC Article 430.  

 

3.3 Mounting:  Provide slotted angles or channel bars with mounting hardware for 

securing drives to the wall.  Combustible materials are not permitted. 

 

3.4 Refer to Division-26 sections for motor connections and testing requirements. 

 

3.5 Variable Volume Pumping Systems: 

 

3.5.1 System Adjustment:  The drive supplier shall coordinate the setting of all adjustments 

and setpoints for initial operation.  The system and all pumps and control valves shall 

be monitored for proper operation.  It shall be recognized that final settings will be 

obtained by trial-and-error by necessity.  Call backs to achieve proper settings shall be 

included in the base bid. 

 

3.6 Variable Air Volume Systems: 

 

3.6.1 Verify that the drives control the air handling unit speeds properly over the full range 

of operation in response to control signals.  Coordinate drive operation with final 

sheave selection. 

 

3.6.2 System Adjustment:  The drive supplier shall coordinate the setting of all adjustments 

and setpoints for initial operation.  Monitor system boxes and AHUs for proper 

operation.  It shall be recognized that final settings and locations of static pressure 

transmitters will be obtained by trial-and-error by necessity.  Call backs to achieve 
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proper settings shall be included in the base bid.  Coordinate with TAB Contractor to 

determine minimum fan speed to achieve minimum scheduled supply and outside air 

flows.   

 

3.7 Start-up:  Start-up, test, and adjust variable volume systems in conjunction with DDC 

contractor and manufacturer's authorized representative.  Demonstrate compliance with 

requirements.  Replace damaged or malfunctioning equipment. 

 

3.8 Owner's Instructions:  Provide services of manufacturer's technical representative for 

one 4-hour day to instruct Owner's personnel in operation and maintenance of variable 

frequency drives.  Schedule instruction with Owner, provide at least 7-day notice to 

Contractor and Engineer of training date. 

 

3.9 System Verification:  The manufacturer's authorized representative shall state in 

writing to the Engineer that the variable volume system is operating properly, final 

adjustments and calibrations are complete, and Owner training has been accomplished. 

 

END OF SECTION 23 09 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

JRA #24849                                  VARIABLE FREQUENCY DRIVES 23 09 13 - 6 

THIS PAGE INTENTIONALLY LEFT BLANK 

 



JRA #24849                                     DIRECT DIGITAL CONTROLS 23 09 23 - 1 

FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 09 23 DIRECT DIGITAL CONTROLS 

 

1 GENERAL  

 

1.1 DIRECT-DIGITAL CONTROL (DDC) SYSTEM DESCRIPTION 

 

1.1.1 The Controls Contractor shall supply and install a complete Direct Digital Control (DDC) 

Building Automation System (BAS) as required to accomplish the Sequences of Control 

for heating, ventilating, air-conditioning and other building-level equipment and systems 

as described herein.   

  

1.2 WORK INCLUDED 

 

1.2.1 Furnish all labor, materials, equipment and service necessary for a complete and 

operational DDC BAS pursuant with this specification and as shown on the associated 

contract drawings.   

 

1.2.2 Coordinate the existing conditions and requirements of all mechanical and electrical 

equipment that will be controlled by the DDC BAS. 

 

1.2.3 Coordinate interface requirements for integration into BAS of following building-level 

equipment and systems: 

 

1. Computer/Server Room Air Conditioning Units 

 

2. Utility Metering (smart meters) 

 

3. Occupancy, Lighting controls 

 

4. Variable Speed Drives   

 

1.2.4 All labor, material, equipment and service not specifically referred to in this specification 

or on associated drawings that are required to fulfill the functional intent of this 

specification shall be provided at no additional cost to the Owner. 

 

1.3 DDC SYSTEM REQUIREMENTS 

   

1.3.1 DDC Systems installed under this specification shall strictly adhere to the following 

characteristics: 
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1.3.1.1 Building Automation System (BAS) Direct Digital Controls (DDC) shall consist of 

native BACnet, microprocessor-based, peer-to-peer, networked, distributed devices 

utilizing the BACnet communication protocol in an open, interoperable system.  The 

BAS also includes operator interface devices, programming and configuration software 

applications, DDC input/output devices, non-DDC automatic temperature controls, 

enclosures and interconnecting conduit and wire. 

 

1. The BACnet operating stack must be embedded directly in every Device at the 

board level, and in all operator interface software packages. 

 

2. No Gateways, Communication Bridges, Protocol Translators or any other device 

that translates any proprietary or other communication protocol to the BACnet 

communication protocol shall be permitted as a part of the BAS installation pursuant 

with this specification section.  Gateways may only be used as required for 

communication to existing systems or systems installed pursuant with other 

specification sections. 

 

3. DDC controllers that are not BACnet compliant shall not be acceptable under this 

specification and are strictly prohibited. 

 

1.3.1.2 The BAS shall be modular in nature and comprised of a network of stand-alone DDC 

devices.  The System shall be designed and implemented in such a way that it may be 

expanded in both capacity and functionality through the addition of DDC Devices, 

sensors, actuators, etc, 

 

1.3.1.3 All BAS controllers shall be tested, certified, clearly stamped and listed by the BACnet 

Testing Laboratories (BTL). 

 

1.3.1.4 Program database, data acquisition, and all control sequence logic shall reside in each 

DDC Device.  The Building Level Communication Network (BLCN) shall not be 

dependent upon connection to a Server or Master Controller for performance of the 

Sequence of Control as outlined in this specification.  Each individual Device shall, to the 

greatest possible extent, perform its programmed sequence without reliance on the 

BLCN. 

 

1.3.1.5 BAS shall be provided with a complete Web enabled operator interface.  The Web 

enabled application shall operate on industry standard PC hardware.  Proprietary server 

hardware or “Black Boxes” will not be acceptable. Third party Web enabled applications 

are acceptable if they are configured to be indistinguishable from the OWS applications. 

 

1.3.1.6 The Owner at the Owner’s expense shall provide connection to the Internet for the BAS.  

The LAN connection type and configuration (TCP/IP addressing scheme, etc.) will be 

information provided to the System Contractor from the Owner, or Owner’s 

representative.  
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1.3.1.7 All BAS DDC Devices at all levels shall be fully custom-programmable in the field using 

the standard Operators Workstation Software.  No configurable, canned program 

application specific controllers will be permitted. 

 

1.3.1.8 All BAS DDC Devices shall be capable of updating firmware using software via internet 

without replacing any hardware, microprocessors or chips.   

 

1.3.1.9 The BAS shall be capable of sending system alarms and Event Notifications to pagers, 

and email services.  

 

1.3.1.10 Actuation of control devices shall be electronic.  Spring return fail-safe actuation 

shall be provided when loss of property and/or property damage is possible and where 

specified. 

 

1.3.1.11 DDC Automatic Temperature Control (ATC) System shall prevent all controlled 

equipment from simultaneously restarting after a power outage.  The order in which 

equipment (or groups of equipment) is started; along with the time delay between starts 

shall be user-selectable. 

 

1.3.1.12 All binary output points shall be protected from short cycling via output 

configuration and/or programming.  This feature shall allow minimum on time and off-

time to be configurable. 

 

1.4 BASIC SYSTEM ARCHITECTURE 

 

1.4.1 The DDC BAS as provided and installed under this specification shall be a complete 

system from a single manufacturer designed for use on intranets and the internet.   

 

1.4.2 The primary BAS components shall include but not be limited to: 

 

1. Web Server with operating software 

 

2. Operator Workstation Software (B-OWS) 

 

3. Remote Operator Workstation Software (Remote B-OWS) 

 

4. Portable Operator Workstation Software (Portable B-OWS) 

 

5. Building Controllers (B-BC) 

 

6. Advanced Application Controllers (B-AAC) 

 

7. Application Specific Controllers (B-ASC) 

 

1.4.3 Enterprise Level Communication Network (ELCN) shall consist of high-speed 

BACnet/IP Local Area Network (LAN) and/or Wide Area Network (WAN) to host 
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Operators Workstations (B-OWS), Building Controllers (B-BC), Building Level 

Communication Networks (BLCN) and Web-Enabled remote connectivity 

 

1.4.4 Building Level Communication Network (BLCN) shall consist of a BACnet internetwork 

to host field level DDC Controllers 

 

1.4.5 B-BC’s shall automatically route BACnet communications to all configured available 

BACnet networks. 

 

1.4.6 B-OWS shall be fully IT-compatible devices that communicate directly on a TCP/IP 

Local Area Network (LAN) independent of the building’s data communication LAN. 

    

1. LAN shall be 10/100Mbps TCP/IP with the following minimum requirements: 

 

a. Cable: 10 base-T, UTP-8 wire, category 5e or greater 

 

b. Minimum throughput: 10Mbps with the ability to increase 

to 100Mbps 

 

2. Enterprise Level Communication Network (ELCN) shall provide communication 

between B-BC’s, B-OWS, remote B-OWS and Web Server using a B/IP LAN 

backbone. 

 

3. B-BC’s shall connect directly to the LAN and communicate using B/IP without a 

TCP/IP Gateway or network server 

 

4. Owner shall be responsible for providing TCP/IP networking scheme, addressing, 

&c.  It shall be the responsibility of the BAS Contractor to coordinate implementation 

of the BAS on the Owner’s LAN without disruption.  The BAS shall only use the 

owner’s data communication LAN for remote communications. 

 

1.4.7 BAS Manufacturer must natively support the following BACnet data links as defined in 

the ANSI/ASHRAE Standard 135-2008, BACnet: 

 

1. Point-to-Point (PTP)  

 

2. Master Slave/Token Passing (MS/TP) 

 

3. Ethernet (ISO 8802-3) 

 

4. BACnet IP (B/IP) 

 

1.4.8 Field sensors and control devices shall connect to peer-to-peer, fully programmable B-

BC, B-AAC & B-ASC as required to achieve the point monitoring and Sequence of 

Control as specified herein.  All devices are to be monitored by a B-OWS.  Final control 

devices are to be electronic.   
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1.4.9 Each Mechanical System and/or major piece of Mechanical Equipment shall have one (1) 

dedicated DDC controller with sufficient I/O capacity such that it shall be connected to 

ALL field devices and sensors associated with that system and/or piece of equipment.  

Distributed control of one (1) single piece of major mechanical equipment shall not be 

performed by multiple controllers. 

 

1.4.10 All BAS controllers, sensors and devices shall be UL listed. 

 

1. All BAS controllers and interface devices must be UL 916 Listed 

 

2. Where required by the local Authority Having Jurisdiction (AHJ), all BAS 

controllers and interface devices must be UUKL-UL 864 Listed 

 

1.5 MATERIAL FURNISHED UNDER THIS SECTION BUT INSTALLED UNDER 

OTHER SECTIONS 

 

1.5.1 Provide, supervise and coordinate the installation of components supplied under this 

Section but installed under other Divisions of the specification 

 

1.5.2 Automatic control valves, thermo-wells, liquid flow switches, and liquid flow sensors are 

to be installed by Mechanical Contractor.  

 

1.5.3 Automatic control dampers, airflow measuring stations, and duct-mounted airstream 

sensors and devices to be installed by Mechanical Contractor 

 

1.5.4 Air Terminal Unit (ATU) B-ASC with integral damper operators are to be installed at 

factory by ATU manufacturer. 

 

1.6 RELATED SECTIONS 

 

1.6.1 Work related to this Section but covered by other Sections include but are not limited to: 

 

1.6.1.1 “Heating, Ventilating and Air-Conditioning Specification”  

 

1.6.1.2 “Electrical System Specification”  

 

1.6.1.3 “Lighting Control Systems” 

 

1.7 QUALITY ASSURANCE 

 

1.7.1 The BAS Contractor shall be responsible for inspection and Quality Assurance (QA) for 

all materials and workmanship provided under this Specification Section. 

 

1.7.2 BAS components shall be manufactured by firms regularly engaged in the manufacture of 

equipment of the types, sizes and service required. 
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1.7.3 The BAS Contractor shall be a factory certified contractor specializing and experienced 

in BAS installations and with experience in networked microprocessor based commercial 

HVAC, building and enterprise level control systems.   

 

1. BAS Contractor shall maintain a comprehensive service office location 

within 100 miles of project location prior to bid date and at a minimum until 

the completion of the warranty period.   

 

1.7.4 The BAS Contractor shall use technicians and application engineers certified by the 

manufacturer in the installation, configuration, programming and service of the BAS 

products 

 

1.7.5 The BACnet internetwork shall be based upon the Manufacturer’s standard integrated 

hardware and software product design intent and in accordance with Manufacturer’s 

installation and application documentation. 

 

1.7.6 To the highest extent practical, all BAS equipment of the same type serving the same 

function shall be identical and from the same manufacturer.  All new B-ASC, B-AAC, B-

BC, B-OWS software and web-server software shall be the products of a single 

manufacturer. 

 

1.7.7 The completed and operational BAS shall be in compliance with and meet the 

requirements of all governing bodies, Authorities Having Jurisdiction (AHJ), applicable 

local or national standards and codes, except where more stringent or detailed 

requirements are indicated by the Contract Documents, including the requirements set 

forth in this Specification and the following: 

 

1. American Society of Heating, Refrigeration and Air Conditioning Engineers 

(ASHRAE) 

 

a. ASHRAE 135-2008: BACnet – Building Automation and 

Control Networking Protocol 

 

2. National Institute of Standards and Technology (NIST) 

 

a. NIST IR 6392 Annex B: Profiles of Standard BACnet Devices 

 

3. Underwriters Laboratories (UL) 

 

a. UL 916: Energy Management Systems (EMS) 

 

b. UUKL-UL 864: Control Units and Accessories for Fire Alarm 

Systems 

 

4. Institute of Electrical and Electronic Engineers (IEEE) 
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a. IEEE 142: Recommended Practice for Grounding of Industrial and 

Commercial Power Systems 

 

5. Electronics Industries Association (EIA) 

 

a. EIA-232: Interface Between Data Terminal Equipment and Data 

Circuit-Terminating Equipment Employing Serial Binary Data 

Interchange 

 

b. EIA-485: Standard for Electrical Characteristics of Generator and 

Receivers for Use in Balanced Digital Mutli-Point System 

 

6. Federal Communications Commission (FCC) 

 

a. Part J: Class “A” Applications 

 

1.8 SYSTEM PERFORMANCE 

 

1.8.1 The system shall conform at a minimum to the following performance standards: 

 

1. Graphics shall display with a minimum of 50 dynamic real-time data points and 

within 10 seconds of the request 

 

2. The maximum time between the command of a binary object by the operator and 

the reaction by the device shall be 10 seconds.  Analog objects shall start to adjust 

within 10 seconds of being commanded to change. 

 

3. All changes of state or change of analog values shall be transmitted such that no 

reporting of a value is more than 15 seconds old. 

 

4. The maximum time from when an object goes into alarm to when it is 

annunciated at the B-OWS shall not exceed 20 seconds.  Those points denoted as 

critical shall be annunciated within 5 seconds. 

 

5. B-BC, B-AAC, & B-ASC shall be able to execute control loops at a selectable 

frequency at least 1 time every second.  The controller shall scan and update the 

process value and output generated by this calculation at this same frequency at a 

minimum. 

 

6. All B-OWS on the network shall receive alarms within 5 seconds of each other. 

 

7. No devices utilizing mercury shall be acceptable for any application 

 

8. Unless noted otherwise in these Specifications, the end-to-end accuracy from 

sensor to operator interface shall be as noted in Table 1.   
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Table 1 – System Accuracy 

Measured Variable Reported Accuracy 

Space temperature +/-0.5 deg C (+/-1 deg F) 

Ducted air +/-1.0 deg C (+/-2 deg F) 

Outside air +/-1.0 deg C (+/-2 deg F) 

Water temperature +/-0.5 deg C (+/-1 deg F) 

Delta-T +/-0.15 deg C (+/-0.25 deg F) 

Relative humidity +/-2% RH 10-90% RH 

Water flow +/-2% of actual value 

Air flow (terminal) +/-10% of actual value (Note 1) 

Air flow (measuring stations) +/-2% for calibrated range. 

Air pressure (ducts) +/-25 Pa (+/-0.1 “WG) 

Air pressure (space) +/-3 Pa (+/-0.01 “WG) 

Water pressure +/-1PSI (Note 2) 

Electrical Power 2% of Range (Note 3) 

Carbon Monoxide (CO) 

Carbon Dioxide (CO²) 

+/-5% of Reading 

+/- 50 PPM  

Note 1:  (10% to100% of scale) (cannot read accurately below 

10%) 

Note 2:  for both absolute and differential pressure 

Note 3:  * not including utility supplied meters 

 

a. Overall combined system repeatability of sensors, controllers and 

readout devices for a particular application shall be plus or minus 2% 

of full scale of the operating range.  Repeatability of overall combined 

system of sensor, controller and readout device in a control loop 

application will be plus or minus 5% of full scale of the operating 

range. 

 

b. Long-term electronic drift shall not exceed 0.4% per year. 

 

c. The system provided shall be expandable to at least 500,000 hard 

points without additional database licensing fees, or replacing any 

devices, software or wiring provided herein. 

 

9. All components provided as part of this system shall operate under ambient 

environmental conditions of -7C (20F) to 40C (104F) dry bulb and 10% to 90% 

relative humidity, non-condensing as a minimum.    Sensors and control elements 

shall operate under the ambient environmental temperature, pressure, humidity, and 

vibration conditions encountered for the installed location.  B-OWS equipment 

(hardware only), such as CRTs and printers, shall, unless designated otherwise, 

operate properly under ambient environmental conditions of 7C (45F) to 32C 

(90F) and a relative humidity of 10% to 90%. 
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10. Networked components of the system shall be able to operate at 90% to 110% of 

nominal voltage rating and shall perform an orderly shutdown below 80%. 

 

1.9 SUBMITTALS 

 

1.9.1 Submit under provisions of and pursuant with the Section 23 Specifications. 

 

1.9.2 All submittals and documentation including complete BAS System Engineering Design 

Submittal & Drawings, Project Record Documents, Application Engineering Documents 

and Owner’s & Maintenance Manuals shall be submitted electronically in the form of an 

Adobe Portable Document Format (.pdf).  All Control Schematics, Wiring Diagrams, 

Riser Diagrams, &c. shall be formatted for A3 11” x 17”.  All other documentation may 

be formatted for 8.5” x 11”. 

 

1.9.3 Submit in writing and so delineated at the beginning of each submittal, known 

substitutions and deviations from requirements of Contract Documents.  Deviation from 

Contract Documents must be approved by the engineer and FAMU Facilities Office prior 

to submittal. 

 

1.9.4 Complete BAS Engineering Design Submittal & Drawings shall be prepared pursuant 

with the following guidelines: 

 

1. Submittal documentation and drawings shall consistently use the same 

abbreviations, symbols, nomenclature and identifiers.  Each control system element 

shall be assigned a unique identifier pursuant with the Contract Documents 

2. Submittal documentation and drawings shall have at the beginning an Index and 

Design Drawing Legend. 

 

a. Index shall list all design drawings and elements including the 

drawing number, sheet number, drawing title, etc. 

 

b. Legend shall show and describe all symbols, abbreviations and 

acronyms used on the Design Drawings 

 

1.9.5 Submit the following: 

 

1. Provide references for the proposed controls for a minimum of five projects of 

similar size and scope completed during the last five years. 

 

2. A complete bill of materials of all equipment, controllers, devices and sensors to 

be provided and/or used indicating unique equipment identifier/tag, unique 

device/controller identifier/tag, manufacturer and model number. 

 



JRA #24849                                     DIRECT DIGITAL CONTROLS 23 09 23 - 10 

3. Riser diagram of Building Level Communication Network (BLCN) and 

Enterprise Level Communication Network (ELCN) shall outline execution and details 

of all network cabling, BAS & Network Hardware including the following: 

 

a. All BAS/DDC Hardware with controller number, unique 

identifier/tag, location, equipment and service 

 

b. All Network Hardware with unique identifier, location and service 

 

c. Network cabling configuration and execution specification 

 

d. Location of all cabling termination points and End of Line (EOL) 

terminators  

 

e. Location of all network interface jacks 

 

f. A separate riser diagram shall be provided for each network 

segment 

 

4. A schedule of all control valves including the unique equipment identifier/tag, 

valve size, dimensions and installation/maintenance clearance, model number 

(including pattern and connections), close-off rating, flow, CV, pressure drop, 

pressure rating and location.  The valve schedule shall also contain actuator selection 

data supported by calculations of the force required to move, close and seal the valve 

at design conditions. 

 

5. A schedule of all control dampers.  This shall include the unique equipment 

identifier, unique damper identifier/tag, damper size, pressure drop, blade 

configuration, orientation and axis of frame, blade rotation, location and selection 

criteria of actuators, nominal and actual sizes, and manufacturer and model number.  

The Damper Schedule shall include the AMCA 500-D maximum leakage rate at the 

operating static-pressure differential.  

 

6. Provide manufacturers cut sheets for major system components.  When 

manufacturer's cut sheets apply to a product series rather than a specific product, the 

data specifically applicable to the project shall be highlighted or clearly indicated by 

other means.  Include for every BAS component including but not limited to the 

following: 

 

a. Operator Workstation (B-OWS) 

 

b. Building Controllers (B-BC) 

 

c. Advanced Application Controllers (B-AAC) 

 

d. Application Specific Controllers (B-ASC) 
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e. Provide a BACnet Protocol Implementation Conformance 

Statement (PICS) or BIBB table for each BACnet device type in the 

submittal. 

 

7. Provide shop drawings and/or manufacturer’s standard specification submittal 

data sheets for all associated BAS equipment, sensors and control devices including 

unique identifier/tag, manufacturer model number and specific accessories, mounting, 

&c. 

 

8. Sequence of Operation shall be submitted for every piece of equipment being 

controlled by and/or associated with the BAS.  No operational deviation from 

specified Sequences of Operation as outlined in Contract Documents shall be 

permitted without prior written approval.  Sequences of Operation shall include and 

conform to the following: 

 

a. Refer to equipment and control devices by their specific unique 

identifiers/tags pursuant with the Contract Documents and BAS 

Submittal package.  

 

b. Clearly represent actual Application Programming methodology 

and functional control operation.  Do not merely provide a copy of 

Contract Document specified Sequence of Control. 

 

c. Include description of functional system operation under normal 

and failure conditions. 

 

9. BAS Control Schematics and Wiring Diagrams shall be submitted for every piece 

of equipment being controlled by and/or associated with the BAS.  BAS Control 

Schematics and Wiring Diagrams shall include and conform to the following: 

 

a. Control Schematic flow diagram of each system (air, water, gas, & 

etc.) being controlled showing actual physical configuration and 

control device/sensor location of all fans, coils, dampers, valves, 

pumps, heat exchangers, control devices, &c. including each hardware 

point type, controller and mnemonic. 

 

b. Controller termination details showing every controller point 

termination, type and mnemonic. 

 

c. Wiring Diagrams of all packaged equipment, motor starters, relay 

wiring, equipment interlock, safety circuits, & etc. clearly indicating 

all interconnecting wiring and termination of all conductors and cables 

including labels of all cables and point mnemonics. 
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d. Control Enclosure details for every enclosure including panel 

identifier, location, physical lay-out, dimensions, instrumentation, 

labels, & etc.  Also include detail wiring (I/O, network and power) and 

power source for each panel, transformer and controller. 

 

10. Provide a scaled floor plan drawing showing location of all conduit, control 

cabling, junction boxes, control devices, and surge suppression devices.   

 

11. Provide screen shots for each typical controller indicating values, setpoints, 

overrides, and time of day scheduling value.  

 

1.9.6 Project Record Documents.  Upon completion of installation and systems commissioning 

submit record documents for review.  “As-Built” Project Record Documents should 

include: 

 

1. Project Record Application Engineering Drawings shall include all BAS System 

Engineering Design Submittal with Drawings updated to reflect actual field 

conditions, architecture and execution 

 

2. Operating & Maintenance (O&M) Manual including: 

 

a. Operator’s Manual with Manufacturers’ complete operating 

instructions. 

 

b. Programming Manual including: 

 

1) Documentation of all project specific Application and DDC 

programs 

 

2) All necessary system Administrator-Level passwords 

and/or required access credentials 

 

3) Information required for programming BAS 

 

4) Complete Final Point Schedule including all hardware and 

software data points and documentation of calibration and 

configuration values for all Inputs, Outputs, Variables and 

PID Loops at the conclusion of systems commissioning and 

functional testing. 

 

5) Routine preventative maintenance procedures, corrective 

diagnostic troubleshooting procedures and calibration 

processes 
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6) Final Bill of Material with all installed parts, 

manufacturers, manufacturers’ part numbers and ordering 

information 

 

7) A schedule of recommended spare parts with part numbers 

and supplier 

 

c. Complete system database as functional at the conclusion of 

systems commissioning and functional testing including all graphics 

and images used by and/or created for BAS on electronic format as 

accepted by Owner. 

 

1.10 CALIBRATION, COMMISSIONING, DEMONSTRATION AND ACCEPTANCE 

 

1.10.1 Calibration and Commissioning 

 

1. As a part of this contract, the BAS Contractor shall fully commission the entire 

BAS.  All commissioning shall be fully documented and all documentation shall be 

submitted prior to Demonstration and Acceptance testing.  Commissioning shall 

include a “point-to-point” check-out of the following at a minimum: 

 

a. Verify that all Temperature Control Panels (TCP), BAS 

equipment, controllers, devices and sensors are installed and 

operational according to the specifications, submittals and 

manufacturer’s installation and application instructions 

 

b. Test, calibrate and bring on-line every control device 

 

c. Calibrate all inputs by comparing the actual site condition with the 

B-OWS point display.  

 

d. Verify all outputs from B-OWS command to observed response of 

controlled device. 

 

e. Verify failure response and fail-safe conditions of all devices and 

safeties 

 

f. Each control program shall be fully commissioned and tested for 

complete design intent compliance and functionality 

 

g. Verify overall network performance of BAS for complete design 

intent compliance and functionality with all devices on-line, 

communicating and fully-operational 
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h. Subsystems not directly controlled by the BAS but associated with 

the ATC shall also be fully tested and commissioned as to design 

intent compliance and functionality 

 

1.10.2 Demonstration and Acceptance 

 

1. As a part of this contract, the BAS Contractor shall demonstrate compliance of the 

BAS with the contract documents and operational functionality pursuant with the 

design Sequences of Operation.  Using the documented calibration and 

commissioning test data the Owner and/or his representative shall select, at 

random, results to be demonstrated.  At least 95% of the results demonstrated 

must perform as specified and documented on commissioning data sheets or the 

system must be re-calibrated and re-commissioned before being re-tested. 

 

2. When the Calibration, Commissioning, Demonstration and Acceptance process 

has been completed and approved by Owner, Contractor shall be provided with 

signed letter from Owner indicating Acceptance within ten (10) days of approval.  

 

1.11 TRAINING 

 

1.11.1 As a part of this contract, the BAS Contractor shall provide instruction on the adjustment, 

operation and maintenance of the BAS as installed including all hardware and software 

provided by a manufacturer-trained, competent application engineer and/or technician 

with sufficient experience in the installation, programming and operation of the BAS.  

All training equipment and material shall be provided by this Contractor. 

 

1.11.2 Training shall be scheduled within thirty (30) days of BAS Acceptance and shall consist 

of a 1-day operational training program for up to 4 operators at the discretion of the 

owner.  A training day shall be defined as an 8-hour day of instruction Monday through 

Friday during regular working hours, including two (2) 15-minute breaks and excluding 

lunchtime and travel. 

 

1.11.3 1 day of on-site training shall cover the entire execution of the complete BAS and 

components.  Training shall be performed on the Owner’s ATC/BAS and shall include: 

 

1. Location of all TCP’s, Control Enclosures, controllers, devices, sensors, &c. 

 

2. Equipment Layout 

 

3. Sequences of Operation 

 

4. Maintenance and Repair 

 

5. Troubleshooting 

 

6. Preventative Maintenance 
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7. Sensor Calibration 

 

8. Proper Use of Service Tools and Materials 

 

1.11.4 At the discretion of the Owner, on-site training and installed system demonstration 

sessions may be video-taped 

 

1.11.5 Instructor shall provide one (1) copy of training materials for each attendee at the time of 

the training.  Two additional copies of training materials shall be provided to Owner at 

time of training at the request of the Owner for archival.  Training materials shall include: 

 

1. Agenda 

 

2. Defined objectives for each lesson 

 

3. Copies of audio-visuals and/or Power Point Presentations 

 

1.12 WARRANTY, MAINTENANCE, NORMAL AND EMERGENCY SERVICE 

 

1.12.1 BAS manufacturer shall warranty all DDC controllers to be free of defect in material and 

workmanship under normal operation and expected service as published by the 

manufacturer in the unit’s performance specifications for a period of five (3) years at a 

minimum. 

 

1. BAS manufacturer shall warranty all DDC controller on-board integral carbon 

dioxide (CO2) sensing elements to be free of defect in material and workmanship 

under normal operation and expected service as published by the manufacturer in 

the unit’s performance specifications for a period of two (2) years at a minimum 

 

2. BAS manufacturer shall warranty all DDC controller on-board integral relative 

humidity (RH) sensing elements to be free of defect in material and workmanship 

under normal operation and expected service as published by the manufacturer in 

the unit’s performance specifications for a period of one (1) year at a minimum 

 

1.12.2 As a part of this contract, the BAS Contractor shall warranty all other components of the 

BAS and installation to be free of defects in workmanship and material under normal 

expected service and use for a period of one (1) year from the date of final acceptance of 

the BAS by the Owner. 

 

1.12.3 During the installation warranty period the Contractor shall provide all labor and 

materials required to repair or to replace all items or components that fail due to defects 

in workmanship or manufacture at no charge or reduction in service to the Owner. 
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1.12.4 Except in the event of property loss or damage, warranty service shall be provided during 

regular working hours Monday through Friday at no charge unless otherwise explicitly 

outlined in the Contract Documents.   

 

1. Emergency service performed outside of these parameters shall be performed for 

charge by BAS Contractor according to the provisions set forth in the Contract 

Documents. 

 

2 PRODUCTS  

 

2.1 ACCEPTIBLE MANUFACTURERS 

 

2.1.1 Manufacturers shall be regularly engaged in the HVAC controls market and shall have 

service and installation personnel within 125 miles of the site.  The installing contractor 

shall have a minimum of 5 years’ experience installing HVAC controls of similar size 

and scope.  The installing contractor shall be an agent of the manufacturer or the 

manufacturer’s authorized installation and service company for the area.     

 

2.2 BACNet WEB SERVER  

 

2.2.1 The WEB Server Hardware shall comply with the following: 

 

1. Operating System: Microsoft Windows Server 2003 Standard Edition or 

Microsoft Windows Server 2008 Standard Edition 

 

2. Processor: Pentium Quad Core 2 GHz 

 

3. Memory: 32 GB minimum 

 

2.2.2 The WEB Server Database shall comply with the following: 

 

1. Complete controller database of each B-BC, B-AAC, and B-ASC shall reside (at a 

minimum) within the respective device.  The Web Server Hardware may retain 

and utilize a backup of the database within each device; however, the complete 

and original database must reside in the B-BC, B-AAC, and B-ASC. 

 

2.2.3 The WEB Server Software shall comply with the following: 

 

1. Provide licensed copy of the Control System WEB Enabled Application Software 

described in Section 2.4.  This license shall allow unlimited isolated systems to be 

served, and access by an unlimited number of users. 

 

2. The Owner shall sign a copy of the manufacturer's standard software and 

firmware licensing agreement as a condition of this contract.  Such license shall 

grant use of all programs and application software to Owner as defined by the 
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manufacturer's license agreement, but shall protect manufacturer's rights to 

disclosure of trade secrets contained within such software. 

 

a. Manufacturer’s Standard Software and Firmware licensing 

agreement shall be executed by Owner in writing prior to software 

acquisition and/or installation 

 

2.3 WEB ENABLED APPLICATION SOFTWARE 

 

2.3.1 The WEB Enabled Application software and Graphical User Interface (GUI) is to be 

stored on the WEB hard disk drive server.  WEB Enabled Applications that require 

system graphics to be stored on the client machines will not be acceptable.  The 

application shall support unlimited access by 20 simultaneous clients using standard Web 

browser such as Internet Explorer. 

 

2.3.2 The WEB enabled application shall perform native BACnet communications directly to 

all BACnet devices on the BACnet internetwork.  Applications that require translation of 

data, gateways, or mapping of any kind shall not be acceptable. 

 

2.3.3 The WEB Enabled Application shall provide the same methodology as the B-OWS 

application when viewing the BACnet Internetwork in terms of network architecture, 

system graphics, calendars, logs, etc.  Systems utilizing Web Enabled Applications and 

Control Operator Workstation Applications of different manufacturer shall implement 

both applications so that the methodology is the same.  Control Systems that utilize 

different methodology between the WEB Enabled Application and the Control System 

Operator Workstation Application for network architecture views, system graphic 

presentation or request, object, schedule or alarm interaction will not be acceptable. 

 

2.3.4 Real-time values displayed on a Web page shall update automatically without requiring a 

manual “refresh” of the Web page. 

 

2.3.5 Users shall have administrator defined access privileges.  Depending on the access 

privileges assigned, the user shall be able to utilize those features described herein at 

different levels of interface varying between View only and Modify. 

 

2.3.6 HTML programming shall not be required to create or display system graphics or data on 

a Web page. 

 

2.3.7 A new point displayed on a B-OWS graphic screen shall appear automatically on the 

identical graphic screen served by the web-server with no further programming or file 

transfer required. 

 

2.3.8 The WEB Enabled Application shall support via the Web Browser client the following as 

it is described in the Control System Operator Workstation Application as a minimum: 

 

1. Password Protection 
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2. Alarming and Event Notification 

 

3. Weekly, Annual and Special Event Exception Scheduling 

 

4. Trend Log Graphing, and the capability to export in ASCII and Microsoft Excel 

format 

 

5. Runtime Log Information 

 

6. Ability to Manually Override any Database point 

 

7. Ability to Adjust any Setpoint 

 

2.3.9 The WEB Enabled Application shall support via the Web Browser client the following in 

addition to what is described above: 

 

1. Color Graphical User Interface (GUI) 

 

a. All color graphic displays shall be dynamic with current point data 

automatically updated from the BACnet internetwork to the browser 

without operator intervention.  Manual operator intervention shall use 

the same methodology as on the B-OWS application. 

 

b. Depending upon configured access level; the operator shall be able 

to manually adjust digital, analog or calculated values in the system, 

adjust values of control loops, override points or release points to 

automatic mode. 

 

2. System Graphic screens developed for the B-OWS shall be the same image file 

used for the Web Browser Client. Systems, which require special translation or re-

export of graphics to accommodate the web domain, will not be accepted.  The 

Web Browser client shall support any System Graphic animation supported by the 

B-OWS.  System Graphic screens on the Web Browser client shall support 

hypertext links to other location on the Internet or on Intranet sites by specifying 

the Uniform Resource Locator (URL) for the desired link. 

 

2.3.10 The WEB Enabled Application shall provide the capability to create a user’s (as 

determined by the log-on user identification) home page.  Provide the ability to limit a 

specific user to a defined home page.  From the home page, links to other views, or pages 

in the system shall be possible, if allowed by the system administrator. 

 

2.3.11 The WEB Enabled Application shall include an Audit Trail feature that automatically 

records the time, date, and user, and action associated with all user changes made via 

Web Browser clients. 

 



JRA #24849                                     DIRECT DIGITAL CONTROLS 23 09 23 - 19 

2.3.12 The WEB Enabled Application shall store complete help files describing system 

configuration, and use of the Browser Client interface, The help files shall be served on-

line as part of the Browser Client interface.  Creation, storage and serving of custom-

made help files by the owner shall be possible, in lieu of the manufacturer’s help files. 

 

2.4 OPERATORS WORKSTATION PLATFORM (B-OWS) 

 

2.4.1 Provide as specified herein complete all associated Operating System, Operators 

Workstation Application Software and Third-Party Software Applications preloaded and 

configured 

 

2.4.2 Local Operators Workstation (B-OWS) shall be PC-based desktop workstation.  

Common BAS database and graphic files shall be stored on workstation designated and 

acting as the system server. Workstation Hardware minimum requirements are as 

follows: 

 

1. Intel QuadCore 2.5 GHz Processor 

 

2. 32 GB RAM minimum 

 

3. 1 TB (terabyte) or larger hard disc drive with 12 millisecond access time 

 

4. 16x DVD+/-RW 

 

5. 22” Flat Panel LCD Monitor and 1 GB high performance graphics adapter with a 

minimum resolution performance of at least 1680 x 1050. 

 

6. Tower case with at least two spare drive slots and 3 spare board slots. 

 

7. At least one (1) Ethernet 10/100 Network Interface Card (NIC)  

 

8. At least four (4) USB 2.0 ports 

 

9. Enhanced style keyboard with 101 key layout, 10 function keys, numeric keypad 

and separate cursor control pads. 

 

10. Two button mouse with adjustable sensitivity and desk pad. 

 

11. All necessary cables 

 

12. A combination surge suppressor/UPS dedicated to this server and printer. 

 

13. Provide an integral audio tone generator to activate on detection of an alarm.  

Audio tone shall be capable of being enabled or disabled on operator command. 

 

2.4.3 Remote Operators Workstation (Remote B-OWS):  Not required.  
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2.4.4 Portable Operators Workstation (Portable B-OWS):  Not required. 

 

2.4.5 Communications and Protocols 

 

1. B-OWS information access for the control system shall utilize the BACnet 

protocol only for communication to B-BC’s, B-AAC’s, B-ASC’s and all other 

BAS DDC controllers 

 

2. B-OWS shall reside on the same LAN as B-BC’s.  B-OWS shall as a minimum 

support point-to-point (PTP) and BACnet/IP physical/data link layer protocols. 

 

3. The B-OWS specified here may, at the Owner's option, be located remote from 

the BACnet internetwork.  Other than the difference in B-OWS communication 

speed, the system shall be capable of remote operation via BACnet LAN types 

with no degradation in application performance. 

 

2.4.6 B-OWS Operating System (OS) Software shall be consistent on all B-OWS hardware 

platforms provided. 

 

1. The B-OWS hardware platform OS shall Microsoft Windows 7 Business, or 

newer. 

 

2.4.7 B-OWS Application Software shall be provided and licensed to Owner.  Provide latest 

versions of software available as follows at a minimum: 

 

1. One (1) Copy of Microsoft Office 2016 Professional  

 

2. Adobe Acrobat XI Standard 

 

2.5 CONTROL SYSTEM OPERATORS WORKSTATION APPLICATION SOFTWARE 

 

2.5.1 The B-OWS Software shall be provided, licensed and installed on at least one B-OWS 

Platform.  If more than one Platform is provided a licensed copy of the B-OWS Software 

shall be provided for every Platform. 

 

2.5.2  The Owner shall sign a copy of the manufacturer's standard software and firmware 

licensing agreement as a condition of this contract.  Such license shall grant use of all 

programs and application software to Owner as defined by the manufacturer's license 

agreement, but shall protect manufacturer's rights to disclosure of trade secrets contained 

within such software. 

 

1. Manufacturer’s Standard Software and Firmware licensing agreement shall be 

executed by Owner in writing prior to software acquisition and/or installation 

 

2.5.3 The B-OWS Software shall be BTL listed as either a B-OWS or B-AWS 
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2.5.4 Password Protection 

 

1. Multiple-level password access protection shall be provided. 

 

2. Passwords shall be exactly the same for all software applications provided to 

communicate with the internetwork. 

 

3. A minimum of 10 levels of access shall be supported with a configurable matrix 

of operator actions allowed for each access level, broken down into at least 200 

possible operator actions 

 

4. A minimum of 50 passwords shall be supported at each B-OWS. 

 

5. Operators will be able to perform only those commands available for their 

respective passwords. 

 

6. User-definable, automatic log-off timers of from 1 to 60 minutes shall be 

provided to prevent operators from inadvertently leaving B-OWS in an 

unsupervised logged-in state. 

 

2.5.5 Alarming and Event Notification 

 

1. B-OWS shall utilize BACnet Alarm Events and PICS shall support at a minimum 

the following BIBBs: 

 

a. Alarm and Event – Acknowledge-A (AE-ACK-A) 

 

b. Alarm and Event – Notification-A (AE-N-A) 

 

c. Alarm and Event – Alarm Summary View-A (AE-AS-A) 

 

d. Alarm and Event – View and Modify-A (AE-VM-A) 

 

e. Alarm and Event – View Notifications-A (AE-VN-A) 

 

2. B-OWS terminal shall provide audible, visual, and printed means of alarm and 

event notification 

 

3. System shall provide log of notification messages.  Complete Alarm log of all 

system and operator transactions shall be archived to the hard disk of the system 

B-OWS. 

 

4. Alarm messages shall be in user-definable text (English or other specified 

language) and shall be entered either at the B-OWS terminal or via remote 

communication.  
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5. An alarm summary shall be available to show all alarms whether including but 

not limited to whether or not they have been acknowledged. 

 

6. System shall provide ability to prioritize and differentiate communications for at 

least 20 different levels of alarms 

 

7. Alarm messages shall be fully customizable in size, content, behavior and sound. 

 

2.5.6 Weekly Annual and Special Event Scheduling 

 

1. B-OWS Software shall utilize BACnet Schedules and PICS shall support at a 

minimum the following BIBBs: 

 

a. Scheduling – Advanced View and Modify-A (SCH-AVM-A) 

 

2. Provide ability to view and modify the schedule for the calendar week and up to 

255 special events in a graphical format. Each calendar day and special event 

shall provide at least six time/value entries per day. 

 

3. Provide the ability for the operator to select scheduling for either binary, analog, 

or multi-state object values. 

 

4. Provide the ability for the operator to designate days, date ranges, or repeating 

date patterns as exception schedules. 

 

5. Provide the capability for the operator to define special or holiday schedules and 

to link the BACnet schedule to a BACnet calendar, thereby over-riding weekly 

schedule programming on holidays defined in the BACnet calendar.  

 

6. There shall be a provision with proper password access to manually override each 

schedule. 

 

7. Provide the capability to designate any exception schedule to be “Executed Once” 

then automatically cleared. 

 

8. Provide the ability to name each exception schedule with a user defined term to 

describe each special event. 

 

2.5.7 Trend Log Graphing 

 

1. B-OWS Software shall allow viewing of BACnet Trend Logs and PICS shall 

support at a minimum the following BIBBs: 

 

a. Trending – View-A (T-V-A) 
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2. All data points (both hardware and software) system-wide shall be assignable to a 

historical trending program by gathering configurable historical samples of object 

data stored in the local controller (B-BC, B-AAC, B-ASC). 

 

3. All trend log information shall be displayable in text or graphic format.  All 

information shall be able to be printed in black & white or color and exported 

directly to a Microsoft Excel Spreadsheet. 

 

4. Long-term archives shall be automatically stored on the B-OWS platform or 

automatically stored onto a dedicated server using an SQL database data 

acquisition service.  The B-OWS and/or SQL Database Application shall perform 

the following at a minimum: 

 

a. Be capable of automatically retrieving any trend-log from any 

device on the network without user-intervention 

 

b. Manage connection to internetwork automatically based upon 

configurable data acquisition thresholds; retrieving data only when 

necessary rather than streaming data 

 

c. Generate standard, secure SQL database accessible by third-party 

applications 

 

d. Shall operate as a Microsoft Windows service 

 

e. Archived data shall be limited only by SQL license and hard disk 

space available 

 

f. Be capable of exporting data directly to Microsoft Excel 

 

g. Not require a separate “viewer” but shall seamlessly present all 

archived data together with real-time data stored in device using the 

standard B-OWS Trend Log Viewer. 

 

2.5.8 Runtime Log Information 

 

1. B-OWS Software shall be capable of displaying Runtime and On/Off Cycle data 

of all Binary data points (both hardware and software) system-wide.  Runtime 

logs shall provide the following at a minimum: 

 

a. Total Accumulated Runtime 

 

b. Accumulated Starts Today 

 

c. Total Accumulated Starts 
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d. Timestamp each Start/Stop and duration of each on/off cycle 

 

e. Monitor equipment status and generate maintenance messages 

based upon user designated run time 

 

2.5.9 System Configuration, Set-Up and Definition. 

 

1. Device and network status shall be displayed for any device on the BACnet 

internetwork. At a minimum the following Device Management BIBBs shall be 

supported: 

 

a. Device Management – Automatic Device Mapping-A (DM-ADM-

A) 

 

b. Device Management – Automatic Network Mapping-A (DM-

ANM-A) 

 

c. Device Management – Reinitialize Device-A (DM-RD-A) 

 

2. All control strategies and energy management routines shall be stored in the 

controller and shall allow modification and additions by the operator using the B-

OWS software.  No strategies or routines shall be stored on the B-OWS platform. 

 

3. B-OWS Software shall have the capability to back-up and restore the 

programming and database of any BACnet device on the BACnet internetwork. 

The B-OWS BTL listing shall support the Device Management – Backup and 

Restore-A (DM-BR-A) BIBB.   

 

4. Provide a context sensitive, on-line help system to assist the operator in operation 

and editing of the system. 

 

2.5.10 Graphical User Interface (GUI) 

 

1. B-OWS Software shall support at a minimum BMP, GIF, TIF, JPG, EMF, PNG, 

SWF and DIB graphic file formats and allow for the use of custom Flash 

animation objects and URL hyperlinks in every GUI 

 

2. B-OWS Software shall provide a color graphics package to allow the user to 

generate custom dynamic graphics for graphical representation of system design 

and system parameters. Graphic images may reside on the B-OWS or server; 

however, all dynamic data and attributes must reside in the controller. 

 

a. A listed set of symbols and graphic slides shall be available to 

allow operators to select from the graphics table to assist in graphic 

generation. 

 



JRA #24849                                     DIRECT DIGITAL CONTROLS 23 09 23 - 25 

b. All color graphic displays shall be dynamic with current point data 

automatically updated from the BACnet internetwork to the B-OWS 

workstation without operator intervention. 

 

c. The operator shall be able to manually adjust all data point values 

(hardware or software) in the system, adjust values of control loops, 

and command points to local mode or release points to automatic 

mode. 

 

d. The windowing environment of the B-OWS shall allow the user to 

simultaneously view several graphics at the same time to analyze total 

building operation, and/or to allow the display of a graphic associated 

with an alarm to be viewed without interrupting work in progress. 

 

e.  Pre-packaged animations for display of fans, pumps, dampers, 

etc., and shall allow custom user-created .swf and .gif animations to be 

used to display objects on graphic displays. 

 

f. The contractor shall submit all new graphics to the engineer and 

FAMU for approval. 

 

2.5.11 The BAS shall be provided with fully automatic diagnostic procedures for verification of 

internetwork communication.  In the event of communications failure, the system shall 

automatically Alarm the condition.  B-OWS Software shall be capable of remote 

annunciation to printer, pager and e-mail 

 

2.5.12 Control Summaries, Reports and Logging: 

 

1. The system shall provide self-documentation reporting to summarize control 

strategies for any point or any user selected group of points within the Control 

System. 

 

2. The B-OWS reporting package shall allow the user to configure the point 

information display in custom format. 

 

3. The B-OWS shall enable operator to perform Wild Card data point sorting and 

searches 

 

4. The B-OWS shall perform automated network back-up of runtime databases in all 

devices on the BACnet network according to operator configurable schedule and 

storage directory structure 

 

2.6 BUILDING CONTROLLERS (B-BC) 

 

2.6.1 B-BC shall comply with all aforementioned BAS System Requirements and shall comply 

with the BACnet profile for Building Controllers (B-BC) 
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2.6.2 Furnish B-BC(s) as necessary to control large point count major mechanical equipment, 

and execution of BAS global strategies, and as noted in the execution portion of this 

specification. 

 

1. Each Mechanical System and/or major piece of Mechanical Equipment (e.g., 

Chilled Water, Heating Water, Large AHU, etc.) shall have one (1) dedicated DDC 

controller with sufficient I/O capacity such that it shall be connected to ALL field 

devices and sensors associated with that system and/or piece of equipment.  

Distributed control of one (1) single piece of major mechanical equipment shall 

not be performed by multiple controllers. 

 

2. Each B-BC shall support local hardware Inputs and Outputs (I/O) by the use of 

on-board I/O and/or I/O expansion modules.   

 

2.6.3 B-BC shall be capable of locally executing global strategies for the BAS based on 

information from any object in the internetwork.  Control Systems that require a higher-

level host processor for update, time stamps, global point data, COS transfer, on-line 

control instruction, or communications control between B-BC panels shall not be 

acceptable. 

 

2.6.4 BAS shall communicate with all B-OWS, B-BC, B-AAC & B-ASC on a peer-to-peer 

basis, and shall provide real-time clock functions for scheduling and network-wide time 

synchronization  

 

2.6.5 B-BC shall have sufficient memory to support its operating system, database, and 

programming requirements.  Battery/capacitor shall retain static RAM memory and clock 

functions for a minimum of 72 hours.   

 

1. B-BC operating system, field database, and application programs shall reside in 

EEPROM. 

 

2. B-BC run-time field database and application programs shall reside in battery 

backed-up on-board memory or EEPROM. 

 

2.6.6 B-BC shall comply with the following Hardware Configuration: 

 

1. B-BC shall have integral power switch.  If the device manufacturer provides no 

on-board switch then the System Contractor shall provide a separate dedicated 

transformer and switch within each enclosure for each controller present 

 

2. B-BC shall provide diagnostic LEDs for power, communications and processor 

status.  The B-BC shall continually check the status of its processor and memory 

circuits 
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3. Controller wiring terminals shall be removable terminal strips for ease of 

installation and service replacement 

 

4. All hardware inputs shall be Universal (i.e., binary or analog) configured on 

hardware and/or in software. 

 

a. Inputs shall accept dry-contact, thermistor, 4-20 mA, and 0-5VDC 

 

b. Pulse accumulation shall accommodate a maximum frequency of 

40Hz 

 

c. Inputs shall have a minimum 10 Bit A/D conversion resolution 

 

d. 24VAC over-voltage protection 

 

e. Status LED indicators for each input 

 

5. All hardware outputs shall be Universal and configured on hardware and/or in 

software. 

 

a. Outputs shall provide configurable modulating voltage signal to 

industry standard 0-5VDC and 0-10VDC analog control devices and 

relays 

 

b. Outputs shall be capable of sourcing 75mA at 12VDC 

 

c. Outputs shall have a minimum 8 Bit D/A conversion resolution 

 

d. 24VAC over-voltage and short protection 

 

2.6.7 B-BC shall interact with the Control System Application Software in compliance with the 

following: 

 

1. Database programming, configuration and modification shall be accomplished 

through the B-OWS online with the B-BC.  The complete database and application 

program shall reside in the B-BC. The System Contractor shall configure the 

software to attain the proper sequence of control and to accomplish all other 

control system functions indicated in the Contract Documents.  Provide a copy of 

all programming on disc to the FAMU Project Manager. 

 

2. The B-BC shall function in a real-time, multi-tasking networked operating 

environment; able to display database values, programs, and control loops in real-

time while functional and online using the B-OWS.  The user shall be able to add, 

delete, or modify objects on-line as required without taking the B-BC offline.  The 

programming shall provide all the necessary mathematics, logic, utility and control 

functions necessary to execute the specified sequence of control. 
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3. All required application programming shall be resident in the B-BC, B-AAC & B-

ASC, and third party BACnet devices, and not in the B-OWS. 

 

4. B-BC shall manage system-wide alarms by performing distributed, independent 

alarm analysis and filtering.  At no time shall the B-BC panel's ability to report 

alarms be affected by either operator activity at a B-OWS or local I/O device, or 

communications with other B-BC on the network. 

 

a. B-BCs shall have capability to broadcast alarm conditions 

automatically across the BLCN.  Alarm Event notifications shall be 

sent to off-site computer or serial printer.  A minimum of one B-BC 

per site shall be capable of sending SMTP email messages to an email 

server for configured alarm conditions.  

 

b. Active Alarm Events log shall be stored on the B-BC and may be 

viewed locally or remotely. 

 

c. All alarm or point change reports shall include the point's English 

language description, and the time and date of occurrence. 

 

d. The user shall be able to define the specific system reaction for 

each point alarm and shall be able to customize reaction and filtering 

to minimize nuisance reporting.  Each B-BC panel shall automatically 

inhibit the reporting of selected alarms during the standby power 

modes of operation, loss of power, fire alarm mode, and normal 

system shutdown and start-up.  Users shall have the ability to manually 

inhibit alarm reporting for each point. 

 

e. Alarm reports, messages, and files can be directed to a user-

defined list of operator devices, or PCs used for archiving alarm 

information. 

 

2.6.8 B-BC shall perform and manage historical data collection.  Minimum sampling time shall 

be configurable with a minimum sample rate of once per second. 

 

1. B-BC panels shall store point history files for all analog and binary inputs and 

outputs. 

 

2. Measured and calculated analog and binary data shall also be assignable to user-

definable trends. 

 

3. Up to six points of any type can be assigned to a single trend log 
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4. Trend data shall be stored at the stand-alone B-BC panels, and uploaded to hard 

disk storage automatically at preconfigured intervals when archival is desired. 

Separate archival application software will be accepted. 

 

2.6.9 Stand-alone B-BC panels shall automatically accumulate and store runtime hours for 

binary input and output points. 

 

2.6.10 B-BC panels shall automatically sample, calculate and store consumption totals on a 

daily, weekly, or monthly basis for user-selected analog and binary pulse input-type 

points. 

 

2.6.11 B-BC panels shall have the ability to count and/or execute events on a daily, weekly, or 

monthly basis. 

 

2.6.12 Communication and Protocols 

 

1. The B-BC shall continuously scan the BACnet network and maintain a current 

database of field data in on board battery/capacitor backed RAM or EEPROM, 

including alarms, passwords, binding tables, device status, etc.  The B-BC shall 

communicate with BACnet devices on the BLCN using the BACnet physical data 

link MS/TP at a baud rate of 76.8 Kbps where not limited by third party BACnet 

devices such as drives, utility meters, ect. 

 

2. The B-BC shall provide a communications port for connection of the Portable 

Operators Terminal using Point-to-Point BACnet physical data link layer protocol 

or a connection to the network using BACnet/IP. 

 

3. B-BC shall support and be capable of monitoring and controlling a network of 

communicating remote space sensors.  These networked sensors shall occupy 

input/output hardware points in the B-BC. All Software points must be 

preapproved by Utility Service BMS manager. 

 

4. Provide all functions that will allow remote communications via modem to off-

site locations.  Include modem along with all cabling necessary for installation. 

 

5. B-BC shall support at a minimum of two (2) distinct dedicated BACnet/IP (B/IP) 

data link networks using TCP/IP and one (1) BACnet/Ethernet data link network 

simultaneously 

 

6. B-BC shall support integral communication using Modbus RTU and TCP 

protocols as both a Slave and Master for building systems third-party integration. 

 

7. B-BC shall support SMTP and provide stand-alone remote annunciation of alarms 

via e-mail without additional hardware, B-OWS, or web-server. 

 

8. B-BC shall support, transmit, and receive of segmented messages. 
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2.7 ADVANCED APPLICATION CONTROLLERS (B-AAC) 

 

2.7.1 B-AAC shall comply with all aforementioned BAS System Requirements and shall 

comply with or exceed the BACnet profile for Advanced Application Controllers (B-

AAC). 

 

2.7.2 Furnish one dedicated B-AAC(s) for each small or medium sized mechanical system, as 

noted in the execution portion of this specification.  Each B-AAC shall acquire, process, 

and store point input data on a real time basis for internal use and for sharing with other 

controllers.  Each B-AAC shall also maintain and supervise digital and analog output 

signals to the control devices and have a real time operating system capable of time of 

day scheduling and other time based functions. 

 

1. If the hardware point requirements of any medium-sized system should exceed 

the I/O configuration of available B-AAC offerings then a B-BC must be used.  

Control of one piece of mechanical equipment may not performed by more than 

one controller. 

 

2.7.3 B-AAC shall provide microprocessor based self-contained stand-alone fully 

programmable operation of local process control loops.  All local level application 

programs shall be installed on individual controllers in non-volatile memory.   

 

2.7.4 Each B-AAC shall be capable of sharing point information with other B-BC, B-AAC, or 

B-ASC on a peer-to-peer basis via the BACnet BLCN. 

 

2.7.5 Control systems that utilize ‘canned’ programs or programmable read only memory 

(PROM) level application programming are not acceptable. 

 

2.7.6 Once downloaded, a B-AAC shall not require further communication with the B-OWS 

except for data base changes, operator commands, and requests from the B-OWS for B-

AAC data.  Programming of B-AACs shall be completely modifiable in the field, over 

the installed BACnet network or remotely via the internet. 

 

2.7.7 Each B-AAC shall be provided with the ability to prevent unauthorized access to its 

software program. 

 

2.7.8 B-AAC shall have sufficient memory to support its operating system, database, and 

programming requirements. 

 

1. B-AAC operating system, field database, and application programs shall reside in 

EEPROM. 

 

2.7.9 B-AAC run-time field database and application programs shall reside in on-board 

memory or EEPROM. 
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2.7.10 B-AAC shall feature real-time 24-hour clock and 365-day calendar.  Battery or capacitor 

back-up of these functions is required where the B-AAC is installed as a standalone 

controller. 

 

2.7.11 B-AAC shall be designed for wall-mounting to a single or double-device box in the space 

 

2.7.12 B-AAC shall feature a software configurable audible enunciator which shall be 

configured to trigger on the occurrence of selected alarms, and shall be audible and 

acknowledgeable either to all users, or only to those users with sufficient password 

authority. 

 

2.7.13 B-AAC shall comply with the following Hardware Configuration: 

 

1. B-AAC shall provide diagnostic LEDs for power, communications and processor 

status.  The B-AAC shall continually check the status of its processor and memory 

circuits 

 

2. Universal field device hardware inputs shall be provided and configured on 

hardware and/or in software and comply with the following: 

 

a. Inputs shall accept dry-contact, thermistor, 4-20 mA, and 0-5VDC 

 

b. Pulse accumulation shall accommodate a maximum frequency of 

100Hz 

 

c. Inputs shall have a minimum 10 Bit A/D conversion resolution 

 

d. 24VAC over-voltage protection 

 

3. In addition to field device Hardware inputs, the B-AAC shall feature the 

following on-board integral hardware inputs at a minimum: 

 

a. Temperature sensor (local or remote) 

 

1) 10k or 20k Thermistor  

 

2) -7°C to 40°C (20°F to 104°F) range 

 

3) +/- 0.1°C (+/- 0.2°F) resolution 

 

4) User calibrated +/- 0.1°C (+/- 0.2°F) 

 

b. Setpoint Adjustment Slider 

 

1) 20k potentiometer 
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2) Range defined, limited and configured via Application 

Software 

 

c. Relative Humidity (RH) 

 

1) 10% – 90% range 

 

2) 0.1% resolution 

 

3) +/- 2% accuracy 

 

4) Replaceable sensing element 

 

5) User calibrated as necessary 

 

d. Occupancy 

 

1) Passive Infrared Radiation (PIR) 

 

2) 5m/16.4’ detection distance 

 

3) 100° horizontal / 82° vertical detection 

 

4) 64 detection zones 

 

e. Carbon Dioxide (CO2) 

 

1) 0 – 2000ppm 

 

2) +/- 30ppm Accuracy 

 

3) Auto-Drift Calibration 

 

4. Hardware Outputs shall be configured as to be modular in nature and support the 

following characteristics: 

 

a. Universal Output  

 

1) 0 – 24 VDC @ 75 mA 

 

2) Digital or Analog functional operation 

 

b. Single Stage Relay  

 

1) SPDT Form C Dry Contact 
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2) Minimum 0.5 A @ 24 VAC/VDC Contact Rating 

 

3) NO/NC Selectable 

 

c. Single Stage TRIAC 

 

1) Single NO Contact for Switching AC Loads 

 

2) Minimum 0.5 A @ 24 VAC/VDC Contact Rating 

 

3) Minimum Switching Current of 20 mA 

 

5. Universal hardware outputs shall be provided and configured on hardware or in 

software and comply with the following: 

 

a. Universal Outputs shall provide configurable modulating voltage 

signal to industry standard 0-5VDC and 0-10VDC analog control 

devices and relays 

 

b. Outputs shall be capable of sourcing 75mA at 12VDC and 24VDC 

 

c. Outputs shall have a minimum 8 Bit D/A conversion resolution 

 

d. 24VAC over-voltage and short protection 

 

2.7.14 Control System Application Software:  

 

1. The B-AAC application software shall be the same as and indistinguishable from 

the B-BC specified interaction with the Control System Application Software. 

 

2. The controller software shall reside in a real time, multi-tasking, networking 

operating environment.  Database definition shall be accomplished through the B-

OWS online with the B-AAC.  The complete database and application program 

shall reside in the B-AAC. The System Contractor shall configure the software to 

attain the proper sequence of control and to accomplish all other control system 

functions indicated in the Contract Documents.   

 

3. The user shall be able to add, delete, or modify objects on-line as required.  The 

programming shall provide all the necessary mathematics, logic, utility and control 

functions necessary for proper sequence of control. 

 

2.7.15 Communications and Protocols 

 

1. The B-AAC shall communicate with field devices and controllers on the BLCN 

using the BACnet physical data link MS/TP at 76.8 Kbps where not limited by 

third party devices such as variable speed drives, utility meters, etc.  
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2. The B-AAC shall provide a communications port for connection of the Portable 

Operators Terminal using Point-to-Point BACnet physical data link layer protocol 

or a connection to the network. 

 

3. B-AAC shall support and be capable of monitoring and controlling a network of a 

minimum of four (4) communicating remote space sensors.  These networked 

sensors shall not consume input/output hardware points in the B-AAC. 

 

2.7.16 B-AAC shall perform and manage historical data collection.  Minimum sampling time 

shall be configurable with a minimum sample rate of once per second. 

 

1. B-AAC panels shall store point history files for all analog and binary inputs and 

outputs. 

 

2. Measured and calculated analog and binary data shall also be assignable to user-

definable trends. 

 

3. Up to six points of any type can be assigned to a single trend log. 

 

4. Trend data shall be stored at the stand-alone B-AAC panels, and uploaded to hard 

disk storage automatically at preconfigured intervals when archival is desired. 

Separate archival application software will be accepted. 

 

2.7.17 Stand-alone B-ASC panels shall automatically accumulate and store runtime hours for 

binary input and output points. 

 

2.7.18 B-ASC panels shall automatically sample, calculate and store consumption totals on a 

daily, weekly, or monthly basis for user-selected analog and binary pulse input-type 

points. 

 

2.7.19 B-ASC panels shall have the ability to count and/or execute events on a daily, weekly, or 

monthly basis. 

 

2.7.20 B-AAC shall support, transmit, and receive of segmented messages. 

 

2.8 APPLICATION SPECIFIC CONTROLLERS (B-ASC) 

 

2.8.1 B-ASC shall comply with all aforementioned BAS System Requirements and shall 

comply with the BACnet profile for Application Specific Controllers (B-ASC). 

 

2.8.2 Provide one dedicated B-ASC for each Terminal Unit Mechanical Device on the project.  

Those include Variable Air Volume (VAV) Air Terminal Units (ATU), Serial and 

Parallel Fan-Powered (FP) VAV ATU’s, Unit Heaters (UH), Unit Ventilators (UV), Fan 

Coil Units (FCU), Roof-Top Units (RTU) and Individual Fans.  Terminal Units 
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specifically called out in the sequence of operation, as “Non-DDC” shall be excluded 

from this requirement. 

 

2.8.3 B-ASC shall provide microprocessor based self-contained stand-alone fully 

programmable operation of local process control loops.  All local level application 

programs shall be installed on individual controllers in non-volatile memory.   

 

2.8.4 Each B-ASC shall be capable of sharing point information with other B-BC, B-AAC, or 

B-ASC on a peer-to-peer basis via the BACnet BLCN. 

 

2.8.5 Control systems that utilize ‘canned’ programs or programmable read only memory 

(PROM) level application programming are not acceptable. 

 

2.8.6 Once downloaded, a B-ASC shall not require further communication with the B-OWS 

except for data base changes, operator commands, and requests from the B-OWS for B-

ASC data.  Programming of B-ASCs shall be completely modifiable in the field, over 

installed BACnet Internetwork or remotely via modem. 

 

1. Each B-ASC shall be provided with the ability to prevent unauthorized access to 

its software program. 

 

2. B-ASC shall have sufficient memory to support its operating system, database, 

and programming requirements.   

 

3. B-ASC operating system, field database, and application programs shall reside in 

EEPROM. 

 

4. B-ASC run-time field database and application programs shall reside in on-board 

non-volatile memory or EEPROM. 

 

2.8.7 ASC shall perform and manage historical data collection.  Minimum sampling time shall 

be configurable with a minimum sample rate of once per second. 

 

1. B-ASC panels shall store point history files for all analog and binary inputs and 

outputs. 

 

2. Measured and calculated analog and binary data shall also be assignable to user-

definable trends. 

 

3. Up to six points of any type can be assigned to a single trend log. 

 

4. Trend data shall be stored at the stand-alone B-ASC panels, and uploaded to hard 

disk storage automatically at preconfigured intervals when archival is desired. 

Separate archival application software will be accepted. 
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2.8.8 Stand-alone B-ASC panels shall automatically accumulate and store runtime hours for 

binary input and output points. 

 

2.8.9 B-ASC panels shall automatically sample, calculate and store consumption totals on a 

daily, weekly, or monthly basis for user-selected analog and binary pulse input-type 

points. 

 

2.8.10 B-ASC panels shall have the ability to count and/or execute events on a daily, weekly, or 

monthly basis. 

 

2.8.11 B-ASC for VAV ATU’s application shall comply with the following: 

 

1. B-ASC shall be provided with integral damper actuator.  Actuator shall feature 

the following at a minimum: 

 

a. 35 in-lbs of torque 

 

b. Brushless DC Operator 

 

c. Actual damper position feedback.  Drive time or other software 

calculated damper position shall not be accepted 

 

d. Damper End Switch using motor current sense or equivalent for 

positive feedback of both end stop positions 

 

e. Software selectable rotation 

 

2. B-ASC shall be provided with integral differential pressure transducer, with range 

of 0–1 inwc, +/-5% FS. 

 

3. Universal field device hardware inputs shall be provided and configured on 

hardware and/or in software and comply with the following: 

 

a. Inputs shall accept dry-contact, thermistor, 4-20 mA, and 0-5VDC 

 

b. Pulse accumulation shall accommodate a minimum frequency of 

40Hz 

 

c. Inputs shall have a minimum 10 Bit A/D conversion resolution 

 

d. 24VAC over-voltage protection 

 

4. Hardware outputs for field devices shall be provided as follows: 

 

a. Three (3) Universal Outputs or One (1) Universal Output, one (1) 

single stage TRIAC Output, and one (1) Dual Stage TRIAC Output 
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5. Hardware Outputs shall be configured on hardware and/or in software and comply 

with the following 

 

a. Universal Outputs shall provide configurable modulating voltage 

signal to industry 0-5VDC and 0-10VDC analog control devices and 

relays 

 

b. Each TRIAC Output shall source 500 mA current, 24 VAC 0.5 

ACA 

 

c. Universal Output shall be capable of sourcing 75mA at 12VDC 

 

d. Outputs shall have a minimum 8 Bit D/A conversion resolution 

 

e. 24VAC over-voltage and short protection 

 

6. Airflow Calibration, Test and Air Balance, etc. shall be performed via dedicated 

handheld configuration tool connected directly to communication port located at 

ATU B-ASC sensor] and/or [via the integral SS Flow Calibration interface of each 

space mounted SS.  Special proprietary software and/or applications loaded on a 

computer or PDA shall not be acceptable to perform this function.  

 

7. B-ASC shall provide diagnostic LEDs for power, communications and processor 

status.  The B-ASC shall continually check the status of its processor and memory 

circuits 

 

8. Controller wiring terminals shall be 5mm space between poles with removable 

terminal strips for ease of installation and service replacement 

 

9. B-ASC Enclosure shall be rated as follows: 

 

a. NEMA 1 

 

b. UL 94-5V 

 

2.8.12 B-ASC for unitary applications shall comply with the following: 

 

1. B-ASC shall provide diagnostic LEDs for power, communications and processor 

status.  The B-ASC shall continually check the status of its processor and memory 

circuits 

 

2. Controller wiring terminals shall be  removable terminal strips for ease of 

installation and service replacement 
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3. Universal field device hardware inputs shall be provided and configured on 

hardware and/or in software and comply with the following: 

 

a. Inputs shall accept dry-contact, thermistor, 4-20 mA, and 0-5VDC 

 

b. Pulse accumulation shall accommodate a minimum frequency of 

40Hz 

 

c. Inputs shall have a minimum 10 Bit A/D conversion resolution 

 

d. 24VAC over-voltage protection 

 

4. Hardware outputs for field devices shall be provided as follows: 

 

a. Four (4) Universal Outputs, or Four (4) TRIAC Outputs or  One 

(1) Universal Output, one (1) single stage TRIAC Output, and two (2) 

Dual Stage TRIAC Output 

 

5. Hardware Outputs shall be configured on hardware and/or in software and comply 

with the following: 

 

a. Universal Outputs shall provide configurable modulating voltage 

signal to industry standard 0-5VDC and 0-10VDC analog control 

devices and relays 

 

b. Each TRIAC Output shall source 500 mA current, 24 VAC 0.5 

ACA 

 

c. Universal Output shall be capable of sourcing 75mA at 12VDC 

 

d. Outputs shall have a minimum 8 Bit D/A conversion resolution 

 

e. 24VAC over-voltage and short protection 

 

2.8.13 Control System Application Software:  

 

1. The B-ASC application software shall be the same as and indistinguishable from 

the B-BC specified interaction with the Control System Application Software. 

 

2. The controller software shall reside in a real time, multi-tasking, networking 

operating environment.  Database definition shall be accomplished through the B-

OWS online with the B-ASC.  The complete database and application program 

shall reside in the B-ASC. The System Contractor shall configure the software to 

attain the proper sequence of control and to accomplish all other control system 

functions indicated in the Contract Documents.  
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3. The user shall be able to add, delete, or modify objects on-line as required.  The 

programming shall provide all the necessary mathematics, logic, utility and control 

functions necessary for proper sequence of control. 

 

2.8.14 Communications and Protocols 

 

1. The B-ASC shall communicate with field devices and controllers on the BLCN 

using the BACnet physical data link MS/TP at 76.8 Kbps where not limited by 

third party devices such as variable speed drives, utility meters, ect. 

 

2. The B-ASC shall provide a communications port for connection of the Portable 

Operators Terminal using Point-to-Point BACnet physical data link layer protocol 

or a connection to the inter-network. 

 

3. B-ASC shall support and be capable of monitoring and controlling a network of a 

minimum of four (4) communicating remote space sensors, each with capability of 

a local LCD Display, adjustable set-point and outputs for zone controls.  These 

networked sensors shall not consume input/output hardware points in the B-ASC. 

 

4. B-ASC shall support, transmit, and receive of segmented messages. 

 

2.9 NETWORKED COMMUNICATING SPACE SENSORS 

 

2.9.1 Wall-Mounted Networked Communicating Space Sensors (SS) on a daisy-chained 

network are not allowed, each SS must occupy a hardware point.  

 

2.9.2 Each SS shall provide a Liquid Crystal Display (LCD), where indicated on the drawings, 

with the following minimum features: 

 

1. 36mm x 36mm (1.4” x 1.4”) display area 

 

2. Display four (4) 0.6” digits and six (6) 0.3” characters simultaneously 

 

3. Capable of displaying icons, time, analog, and digital engineering units 

 

4. Programmable to display up to ten (10) data points in any combination of local 

and/or networked values from any device on the internetwork 

A.  

2.9.3 Each SS shall provide a local keypad for local user interface to perform navigation and 

adjustment of points configured as adjustable. 

 

2.9.4 Each SS shall provide a point of access for a B-OWS, Service Tool, etc. to the BACnet 

internetwork via the SS communication network. 
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2.9.5 Where indicated on the drawings each SS shall provide at a minimum the following on-

board integral I/O without the consumption of any inputs and/or outputs at the host DDC 

controller: 

 

1. Temperature sensor (local or remote) 

 

a. 10k or 20k Thermistor  

 

b. 12 Bit A/D Conversion 

 

c. -7°C to 40°C (20°F to 104°F) range 

 

d. +/- 0.1°C (+/- 0.2°F) resolution 

 

e. User calibrated +/- 0.1°C (+/- 0.2°F) 

 

2. Relative Humidity (RH) 

 

a. 10% – 90% range 

 

b. 0.1% resolution 

 

c. +/- 2% accuracy 

 

d. Replaceable sensing element 

 

e. User calibrated 

 

3. Occupancy 

 

a. Passive Infrared Radiation (PIR) 

 

b. 5m/16.4’ detection distance 

 

c. 100° horizontal / 82° vertical detection 

 

d. 64 detection zones 

 

4. Additional Space/Zone I/O 

 

a. Two (2) thermistor or dry-contact inputs 

 

b. Two (2) TRIAC Outputs (24VAC @ 0.5A) 

 

2.10 TEMPERATURE CONTROL PANELS (TCP), ENCLOSURES & SUB-PANELS 
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2.10.1 Provide pedestal base or wall mounted local control enclosure to house all control 

components associated with each area, system or mechanical equipment room 

 

1. The enclosures shall be minimum 16 gauge steel or aluminum, totally enclosed on 

all sides and painted with a baked enamel finish. All enclosures must maintain a 

minimum separation of 1” from the back wall. 

 

2. Enclosures located in wet indoor conditions or located outdoors shall meet 

NEMA 4X. 

 

3. Penetrations are permitted on bottom of enclosure only. Do not make conduit 

penetrations in top or side of enclosure. Each enclosure shall be equipped with a 

wire gutter below with a minimum of six ¾” minimum conduit penetrations into 

the bottom of the enclosure to accommodate system wiring. 

 

4. Where required by AHJ, enclosures located in mechanical or electrical rooms 

shall meet NEMA 2 requirements 

 

5. Enclosures located in all other locations including but not limited to mechanical 

or electrical rooms not requiring NEMA 2, occupied spaces, above ceilings and 

plenums shall be the same NEMA classification as all other enclosures located in 

the same environment, except if location requires additional protection due to 

potential vandalism or environmental conditions and shall at a minimum meet 

NEMA 1 requirements 

 

6. Enclosures provided as an integral (pre-packaged) part of another product and/or 

piece of equipment are acceptable 

 

7. Provide a continuous piano hinged door, keyed locking latch and removable sub-

panel.  A single key shall be common to all control enclosures.   

 

2.10.2 Provide each DDC panel with a line filter, surge suppressor, electrical disconnect, control 

fuse, and control transformer.  All sized and provided by the control system contractor. 

 

2.10.3 Provide power supplies located inside control enclosures shall be fully enclosed with 

external 24 Vac terminals, on/off control, equipment overcurrent protection, power 

indication, high/low voltage separation, and convenience 120VAC outlets. 

 

2.10.4 Provide insulated, modular, feed-through, clamp-style terminal blocks suitable for rail-

mounting with end plates and partitions for the termination of all field wiring in control 

enclosures.  Field wiring to equipment with integral terminals and/or unitary equipment 

(i.e., VAV ATU’s, EF’s, &c.) shall not be required to have terminal blocks. 

 

2.10.5 Rail mounted terminal blocks shall be color coded to match the associated conductor 

colors adhering to the FAMU standard wire recognition coloring scheme as scheduled in 

section 2.11. 
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2.11 INTERCONNECTING WIRE & CABLE 

 

2.11.1 All wiring regardless of service and/or voltage shall comply with the Contract Document 

Division 26  Project Electrical System Specifications, the National Electric Code (NEC), 

and any/all applicable local codes and/or Authorities Having Jurisdiction (AHJ). 

 

2.11.2 Where required all wiring regardless of service and/or voltage shall be in conduit in 

accordance with Division 26 “Raceways and Boxes for Electrical Systems” and “Cable 

Trays for Electrical Systems” and shall be routed parallel to or at right angles with the 

structure, properly supported every six (6) feet at a minimum and installed in a 

workmanlike manner. 

 

2.11.3 Where permitted by all applicable specifications, local codes, NEC and AHJ; plenum-

rated control cabling may be used where final application will be concealed but 

accessible.  Where plenum-rated cable is allowed, it shall be routed parallel to or at right 

angles with the structure, properly supported every six (6) feet at a minimum and 

installed in a workmanlike manner. 

 

2.11.4 The FAMU Management Environmental Controls System wiring color shall be as below: 

 

Low Voltage Wiring 

BACnet Communications Green with White Strip 

24 VAC Power  

Red and black jacketed conductors 

with black jacketed sheath over the 

pair 

Input/Output  

White and black jacketed 

conductors and white jacketed 

sheath over the pair. 

Communicating Sensor Green jacketed sheath 

 

2.12 GENERAL FIELD DEVICES 

 

2.12.1 All control relays shall be UL listed with contacts and coils rated for the application 

 

1. Relays used for in-line control start/stop of line voltage motors and shall have a 

current rating at least 150% full load amps. 

 

2.12.2 Control transformers shall be CSA and UL listed.  Primary and secondary sides shall be 

fused in accordance with the NEC or shall be class 2 current limiting type.  Transformers 

shall be sized such that the connected load is not greater than 80% of the transformer 

rated capacity. 

 

2.12.3 Voltage/Current to Pneumatic Transducer shall be non-bleed type 0-5V or 0-10V input 

and output pressure to match spring range of controlled device. 
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2.12.4 Emergency shut-off switches shall be heavy duty, two-position push-pull, maintained 

contact, and illuminated 1-3/8 inch in diameter mushroom style push button switch.  

Provide hinged easy open protective clear cover to prevent accidental operation of 

switch. 

 

2.13 ANALOG SENSORS 

 

2.13.1 Temperature Sensors: Temperature sensors are required leaving each element designed to 

change or vary a given supply temperature. 

 

1. Temperature sensors shall be linear precision element Thermistor type. 

 

2. Single point duct temperature sensor shall consist of 316 stainless steel or 

platinum sensing element, junction box for wiring connections and gasket to 

prevent air leakage and vibration noise. 

 

3. Averaging duct temperature sensor shall consist of a copper or stainless steel 

averaging element, junction box for wiring connections and gasket to prevent air 

leakage or vibration noise. 

 

4. Liquid immersion temperature sensor shall include thermowell, sensor and 

connection head for wiring connections. 

 

5. Outside air temperature sensor shall consist of a single device sensor, ventilated 

non-metallic sun shield, utility box for terminations, and watertight gasket to 

prevent water seepage. 

 

6. Space temperature sensor shall consist of an element within a ventilated cover.  

Sensors located in mechanical areas, plenums, lobbies, or other public spaces shall 

be simple sensor with no setpoint adjustment.   

 

a. Terminal Unit space temperature sensors shall be provided in 

accordance with the drawings at the locations indicated with the 

following options as indicated on drawings:  

1) Standard Wall-Mount Space Sensor 

2) Setpoint Adjustment Buttons (“+” & “-”) 

3) Override/Bypass 

4) Occupancy 

5) CO2 

6) RH 

7) Network Jack 

 

b. All sensors not located in public spaces and associated with B-

ASC or B-AAC that is located in normally inaccessible locations shall 

be the same.   
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c. Sensors shall be manually calibrated on site so that the wiring 

length does not detract from the sensor accuracy specified. 

 

7. Where necessary due to structural cavities, masonry walls, proximity to exterior 

openings, and unconditioned spaces an insulated mounting base shall prevent 

temperature of mounting location from affecting sensor temperature reading. 

 

8. Sensor guards shall protect sensor from damage in all public areas such as 

gymnasiums, classrooms, vestibules, restrooms, and corridors or as indicated at 

locations on the drawings. 

 

9. Provide brass or stainless steel thermowells for each immersion type temperature 

sensor and switch. 

 

2.13.2 Wet Bulb temperature and humidity station shall be suitable for duct or outside mounting 

and consist of sensors, ventilated non-metallic sun shield, utility box for terminations, 

and watertight gasket to prevent water seepage. 

 

2.13.3 Pressure 

 

1. Static Air Pressure Sensor shall have linear output voltage signal.  Zero and span 

shall be field-adjustable.  Tubing shall be connected to a Pitot tube or other 

pressure/airflow sensing device.  Under no circumstances shall tubing pass through 

equipment housing or ductwork. 

 

2. Pitot tube probe shall be at least 4 inches allowing for internal duct insulation. 

 

3. Steam and water gauge pressure sensor shall include connections secured to a 

stainless steel diaphragm sensor with a gasketed, dust and watertight housing for 

remote mounting. 

 

a. All steam devices and sensors shall incorporate a “pig-tail” in 

installation 

 

4. The differential pressure sensor for air applications shall provide a linear output 

voltage signal.  The device shall be capable of over-pressurization to 10 PSI 

without a zero-shift and shall have a field adjustable zero and span.  The assembly 

shall consist of pressure connections that secure pressure sensor to a housing for 

duct or remote mounting. 

 

5. Differential Pressure Sensor for water shall consist of a differential pressure tap 

secured to a stainless steel diaphragm and an electronic sensor enclosed in a 

gasketed, dust and watertight case. 

 

6. Five-valve manifold assembly shall be required to allow isolation and bypass of 

operating pressures from differential pressure sensor. 
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7. Snubbers shall be required to prevent system pressure hammers and surges from 

being fully transmitted to the pressure sensor. 

 

2.13.4 Position 

 

1. Damper Position indication consists of a potentiometer mounted in housing. 

 

a. Damper Position End Switches shall employ mechanical position 

proving.  Mercury style end switches shall not be accepted. 

 

2. Control valve Position indicator consists of a potentiometer mounted on the valve 

actuator. 

 

3. Float type level switch with SPDT snap acting contacts. Electronics shall be 

housed in a watertight enclosure. 

 

4. Proximity Limit Switch shall be oil-tight, roller type, SPDT snap-acting switch 

with adjustable trim arm. 

 

2.13.5 Flow 

 

1. Electronic Air Flow Monitoring System (Type II): Other installations:  Airflow 

monitoring systems shall be a solid state electronic device comprised of a 

thermistor based sensing grid and microprocessor based electronics panel for flow 

averaging, temperature compensation and signal transmission.  [Ebtron,] 

[Paragon,] [Tek-Air] or [Air Monitor]. 

2. Water Flow Insertion Type: (For Pipe Sizes 1 ½ inch to 10 inches):  Provide a 

probe-mounted insertion type turbine sensor. 

 

2.14 SWITCHING SENSORS/THERMOSTATS 

 

2.14.1 Temperature Thermostats 

 

1. Provide one (1) Low Limit thermostat for each 20 sq/ft of coil face.  Low limit 

thermostat shall be of the vapor pressure remote element, manual reset type with 

adjustable set point.  The device shall respond to the lowest temperature to which 

any 1 foot of the element is exposed.  Capillary sensing tubing serpentine 

vertically across the discharge face of the coil, and be supported firmly by 

mechanical clips. 

 

a. Low Limit thermostats shall be DPDT with a minimum of one (1) 

NO contact and one (1) NC contact 

 

2. High limit thermostat shall be manual reset type.  Sensing element shall be 

bimetal. 
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3. Capillary Type Thermostats shall have liquid or vapor-filled thermal system 

consisting of stainless steel or copper sensing element, connected to a fully 

compensating capillary tube, and operating bellows or spiral. 

 

4. Surface Mounted Thermostats shall be line voltage on-off type suitable for 

strapped mounting to pipe. 

 

5. Wall Mounted Thermostats shall be line voltage on-off type suitable for wall 

mounting. 

 

2.15 AUTOMATIC CONTROL VALVES 

 

2.15.1 General Requirements: Provide factory-fabricated pressure independent electric control 

valves with constant differential pressure across the control valve for 100% valve 

authority.  The valve shall accurately control the flow with an operating pressure 

differential range of 4 to 60 psi.  Provide pressure regulation with EDPM diaphragm, 

stainless steel spring, and pressure control disc.  Pressure control seats shall be brass 

construction with vulcanized EPDM.  The valve shall be adjustable to indicate percentage 

of valve flow range, utilizing an adjustment collar and lock mechanism.  Where type or 

body material is not indicated, provided selection as determined by manufacturer for 

installation requirements and pressure class, based on maximum pressure and 

temperature rating of piping system.  Provide valve size in accordance with scheduled or 

specified maximum pressure drop across control valve.  Except as otherwise indicated, 

provide valves which mate and match material of connecting piping.  Equip control 

valves with control valve motors with proper shutoff ratings for each individual 

application. Honeywell is a preferred product. 

 

1. Valves shall be provided with metallic linkage. 

 

2. Unless otherwise indicated, all valves shall have a minimum range-ability of 50:1.  

All valves shall be guaranteed to have not more than 1% leakage of design flow 

rate at the pump shut-off pressure  

 

3. Globe valves shall have replaceable seats. 

 

4. Valves shall be quiet in operation. 

 

5. Unless otherwise indicated, minimum body rating for any valve is 125 psi and 

maximum fluid temperature of 177C (350F). 

 

6. Valves shall have stainless-steel stems and stuffing boxes with extended necks to 

clear the piping insulation. 

 

7. Valve bodies shall meet or exceed pressure and temperature class rating based 

upon design operating temperature and 150% design operating pressure. 
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8. Unless otherwise indicated two and three-way Automatic Control Valves shall be 

globe-style bodies and comply with the following selection criteria: 

 

a. Globe-style valve minimum body rating for any valve is 125 psi 

and maximum fluid temperature of 120C (250F). 

 

b. Bodies for valves 2” and smaller shall be brass or bronze with NPT 

threaded connections, and shall be rated for ANSI Class 250 working 

pressure.  Spring-loaded packing shall be required to protect against 

leakage at the stem. 

 

c. Bodies for valves 2½” to 3” shall be brass, bronze or iron with 

flanged connections and shall be rated for ANSI Class 125 working 

pressure.  Packing shall protect against leakage at the stem. 

 

d. Bodies for valves 3” to 6” shall be iron, cast iron or cast steel with 

flanged connections and shall be rated for ANSI Class 125 working 

pressure.  Packing shall protect against leakage at the stem. 

 

e. For modulating applications, valve Cv (Kv) shall be within 100% 

to 125% of the design Cv (Kv) 

 

f. For two-position applications, valve Cv (Kv) shall be the largest 

available for the valve size 

 

g. Valve and actuator combination shall be Normally-Open (NO) or 

Normally-Closed (NC) as shown 

 

9. Where specified ball-style body Automatic Control Valves shall adhere to the 

following: 

 

a. Ball-style valve minimum body rating for any valve is 125 psi and 

maximum fluid temperature of 100C (212F). 

 

b. Bodies for valves 2” and smaller shall be forged brass body with 

nickel plating, NPT threaded connections 

 

c. All control ball valves shall be furnished with chrome plated 

bronze ball and stainless steel stem and fiberglass reinforced Teflon 

seats and seals.  The valves shall have a blow out proof stem design. 

 

d. The stem packing shall be 2 O-rings designed for modulating 

service and requiring no maintenance. 
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e. All control ball valves shall feature characterized flow guides 

when used for modulating applications 

 

10. Where specified butterfly-style body Automatic Control Valves shall adhere to 

the following: 

 

a. Unless otherwise indicated, butterfly valves shall have a minimum 

range ability of 10:1.  All valves shall be guaranteed to have not more 

than 1% leakage of design flow rate at the pump shut-off pressure 

 

b. Butterfly-style valve minimum body rating for any valve is 125 psi 

and maximum fluid temperature of 120C (250F). 

 

c. Bodies for valves 3” to 12” shall be fully-lugged cast iron body 

 

d. Flanges shall meet all ANSI 125 and ANSI 150 standards. 

 

e. The stem shall be one piece stainless. 

 

f. The 416 stainless shaft shall be supported at three locations with 

PTFE bushings for positive shaft alignment. 

 

g. The seat shall be EPDM; Phenolic backed, non-collapsible, and 

easy to replace. 

 

h. The disc shall be aluminum bronze to provide bubble-tight close 

off in either direction. 

 

i. Valve shall have a long stem design to accommodate 2 inches 

insulation. 

 

11. Valves for Chilled Water (CHW) and Glycol (GCHW) service shall adhere to the 

following: 

 

a. All internal trim regardless of body type shall be Type 316 

Stainless Steel.  Valves 3” and larger shall be butterfly valves. 

 

12. Valves for Heating Hot Water (HHW) service shall adhere to the following: 

 

a. Valves for HHW service between 210F (99C) and 250F 

(120C) shall have all internal trim (including seats, rings, modulating 

plugs and springs) of Type 316 Stainless Steel 

 

b. Valves for HHW service below 210F (99C) shall have all 

internal trim (including seats, rings, modulating plugs and springs) of 

Brass, Bronze or Type 316 Stainless Steel 
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c. Nonmetallic valve components shall be suitable for a minimum 

continuous operating temperature of 250F (120C) and/or 50F 

(10C) above the system design temperature, whichever is higher 

 

2.16 VALVE ACTUATORS: Honeywell and Belimo are preferred products. 

 

2.16.1 Actuators used in wet conditions and/or in or near outdoor air streams shall have NEMA 

2 housings. 

 

2.16.2 Valve Actuators shall be modulating, with feedback signal, two-position and spring 

return fail safe as called out in the control sequence of operation or indicated on the 

drawings.  All modulating valves shall be positive positioning, and respond to a 0-

10VDC or 2-10 VDC with the exception that terminal unit zone valves may use an 

actuator that responds to a floating or tri-state with feedback signal. 

 

2.16.3 All control valves shall have a visual position indicator. 

 

2.16.4 All non-spring return actuators shall have an external clutch/manual gear release to allow 

manual positioning of the valve when the actuator is not powered.  Spring return 

actuators with more than 60-in-LB torque capacity shall have a manual crank for this 

purpose.  In lieu of a manual positioning device, it will be acceptable for the contractor to 

provide a full line size bypass around the control valve.  Three bypass shut off valves 

shall be provided to allow the control valve to be isolated while the open stop valve in the 

bypass allows flow around the control valve. 

 

2.16.5 All modulating actuators shall have an external, built-in switch to allow the reversing of 

direction of rotation. 

 

2.16.6 Any mechanical equipment with direct introduction of outside air shall require fail-safe 

spring return valve actuators.  Terminal equipment (VAV ATU, &c.) without direct 

introduction of outside air are permitted to have actuators that maintain their last 

commanded position when power is lost to the actuator.  Equipment isolation and 

differential or temperature pressure bypass valves shall not be required to be provided 

with a spring return actuator provided that a failure of the valve to return to its “fail-safe” 

position will not incur damage to property or the system it serves. 

 

2.17 AUTOMATIC CONTROL DAMPERS 

 

2.17.1 All Automatic Control Dampers provided as a part of this Specification shall bear the 

AMCA Seal as an indication that they comply with all requirements of the AMCA 

Certified Ratings Programs. 

 

2.17.2 A single damper section shall have blades that do not exceed 48” in length and shall be 

no higher than 72”.  Damper blades shall not exceed 8” in width.  Applications requiring 

larger dampers shall be achieved by combining single damper sections. 
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2.17.3 Frame construction shall be a minimum of #14 gauge galvanized steel formed into 

channels and welded, 14 gauge galvanized roll-formed steel or extruded aluminum at a 

minimum 4½” by 1’ by 0.125” thick.   

 

2.17.4 Blades and baffles shall be fabricated of minimum 16 gauge steel with corrosion resistant 

galvanized finish or extruded aluminum 6” by 0.08”.   

 

2.17.5 All dampers shall be provided with nylon, cycoloy or oilite bearings, stainless steel or 

elastomeric side seals, and zinc plated hardware as standard.   

 

2.17.6 Axles shall be a minimum of ½” diameter and be locked to blade with rivets or welded.   

 

2.17.7 Dampers shall be made up of 6" or 8" blades or combination of the two.  Dampers shall 

have a minimum of four brakes running the entire length.  Silicone or polyurethane blade 

edging shall be furnished on all dampers. 

 

2.17.8 Maximum leakage rate through any 48 inches by 48 inches closed damper in any 

application shall not exceed 10.0 cfm per sq. ft. of damper face area at 4 inches of water 

pressure differential and a maximum closing torque of 4 inch-lbs/sq. ft. of damper face 

area.  Damper leakage ratings shall be certified in accordance with AMCA Standard 500-

D. 

 

2.17.9 Blades mounted vertically shall be supported by thrust bearings 

 

2.17.10 All Automatic Control Dampers in modulating applications shall be sized so as to 

achieve linear airflow characteristics 

 

2.17.11 Flow Control Application Dampers (Opposed Blade Operational Style) 

 

1. Opposed Blade Automatic Flow Control Dampers shall be required as indicated 

on the drawings for: 

 

a. All mixing, volume throttling, airflow control, &c. applications 

installed in Outdoor, Relief, Exhaust, and/or Supply airstreams. 

 

b. Any application upstream of critical components 

 

c. Ducted Outlets  

 

d. Automatic Flow Control Dampers specifically indicated to be 

provided by Mechanical Equipment manufacturer and/or as a 

component of packaged equipment shall not be provided by the 

Contractor. 
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2. To minimize leakage, blade edges shall be interlocked and blade seals shall be 

compressible at all contact points.  Channel frames shall also be provided with 

jamb seals.  

 

3. All Outdoor Air Damper components shall be suitable for applications operating 

in the temperature range of -40F (-4C) to 167F (75C) 

 

4. Damper shall be rated for a minimum velocity of 2000 ft/min 

 

2.17.12 Mechanical Ventilation, Miscellaneous Utility Dampers (Parallel Blade 

Operational Style) 

 

1. Parallel Blade Automatic Flow Control Dampers shall be permitted as indicated 

on the drawings for applications not requiring Opposed Blade operation pursuant 

with that specification section and for: 

 

a. Two-position (fully-open or fully-closed) applications 

 

b. Applications where the damper constitutes the primary source of 

total system pressure loss  

 

c. Applications where greater control is required at the upper end of 

airstream volume operating range 

 

d. Mechanical Space ventilation and exhaust, combustion intake & 

exhaust, &c. 

 

2. Shall comply with AMCA 500-D Class 4 and shall not leak in excess of 80cfm 

per sq/ft at 4inwc static pressure when closed. 

 

3. Damper shall be rated for a minimum velocity of 1500 ft/min 

  

2.17.13 Operating Linkages and Damper Accessories 

 

1. All operating linkages and/or damper accessories required for installation and 

application in accordance with specification design intent and manufacturer’s 

installation procedures shall be provided 

 

2. Operating linkages provided external to dampers (crank arms, connecting rods, 

shaft extensions, &c.) for transmitting motion from the actuator/operator to 

dampers shall be designed as to functionally operate a load equal to or in excess of 

300% of the maximum required operating force for the damper. 

 

3. Crank arms and connecting rods shall be adjustable.  Linkages shall be brass, 

bronze, zinc-coated steel, or stainless steel. 
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4. Adjustments of Crank Arms shall control the position of the damper 

 

5. Use of Operating Linkages external to damper drive shaft shall neither delay nor 

impede operation of the damper in a manner of performance less than a direct-

coupled damper actuator.  Operating linkages shall not under any circumstances be 

permitted to flex, warp, shift &c. under normal operation of connected damper 

sections. 

 

2.18 AUTOMATIC CONTROL DAMPER ACTUATORS: (Belimo and Honeywell are 

preferred products) 

 

2.18.1 Control damper actuators shall be electronic direct-coupled type.  Actuators shall have a 

means for reversing drive direction and a manual override accessible at the front cover. 

 

2.18.2 The actuator shall have electronic overload or digital rotation sensing circuitry.  

Mechanical end switches or magnetic clutch to deactivate the actuator at the end of 

rotation are not acceptable.  

 

2.18.3 For spring return fail-safe applications, an internal mechanical spring return mechanism 

shall be built into the actuator housing.  Non-mechanical forms of fail-safe operation are 

not acceptable.  

 

2.18.4 All non-spring return actuators shall have an external manual clutch/gear release to allow 

manual positioning of the damper when the actuator is not powered.  Spring return 

actuators with more than 60 in-LB torque capacity shall have a manual crank for this 

purpose.  

 

3 EXECUTION  

 

3.1 GENERAL 

 

3.1.1 BAS component locations are the responsibility of the System Contractor.  All control 

system components shall be installed in locations as required to properly sense the 

controlled medium.  

 

3.1.2 BAS Installation shall be performed by professionals in a workmanlike manner and in 

compliance with the Contract Documents, Section 26 Project Electrical System 

Specifications, the National Electric Code (NEC), and any/all applicable local codes 

and/or Authorities Having Jurisdiction (AHJ) and the following: 

 

1. Complete BAS installation including all DDC Devices, Enclosures, wiring, 

equipment, control devices and sensors shall be installed in accordance with the 

manufacturers’ recommended installation procedures and as specified. 

 

2. All control devices are to be provided and installed with all required gaskets, 

seals, flanges, connection enclosures, thermal compounds, insulation, piping, 
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fittings and valves as required for design operation, isolation, equalization, purging 

and calibration. 

 

3. Strap-on control devices shall not be permitted except as explicitly called out 

 

4. All control devices mounted outdoors shall be protected by a weather-shield, 

integral outdoor enclosure, &c. from ambient elements in such a manner as to not 

impede design functionality and/or sensing 

 

5. BAS installation shall be such that it provides sufficient clearance for system 

maintenance by maintaining sufficient access for equipment, device and/or 

component service, calibration, removal, repair or replacement. 

 

6. BAS installation shall not interfere with required clearance for mechanical and/or 

electrical equipment maintenance. 

 

7. Penetrations through and mounting holes in the building exterior associated with 

the BAS installation shall be sealed and made water-tight 

 

8. Dielectric isolation shall be provided where dissimilar metals are used in 

installation for connection and support 

 

9. Installation, wiring and material shall be protected from damage by and during 

BAS installation by BAS Contractor. 

 

3.1.3 The Contractor shall be responsible for his/her work and equipment until finally 

inspected, tested and accepted.  The Contractor shall protect his/her work against theft or 

damage, and shall carefully store material and equipment received on site that is not 

immediately installed. 

 

3.1.4 After completion of installation, calibrate and commission all components provided as 

part of the Control System and demonstrate proper sequence of operation in compliance 

with the specifications.  BAS components not operating correctly shall be field corrected 

or replaced. 

 

3.2 DIRECT AND WEB-ENABLED BAS APPLICATION SOFTWARE  

 

3.2.1 At time of acceptance all operating system, Third party and Control System Application 

software shall be at least the latest official release version available. 

 

3.2.2 Software programs are described to their general intent.  It is recognized that Networked 

System manufacturer’s software differ; however, the Application software provided shall 

incorporate the features described fully implemented and optimized to provide the 

sequences described, minimize energy consumption and prolong equipment life. 
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3.2.3 The following standard naming convention shall be utilized for the naming of BACnet 

Devices on the BACnet internetwork.   

 

1. The convention for object names must adhere to the standards set by FAMU 

Facilities Office.    

 

3.2.4 When programming the system BACnet addressing rules will be strictly adhered to.  All 

addressing strategies will have to be approved by FAMU Facilities Office prior to 

configuring any LAN types. 

 

3.2.5 All analog and binary values shall be programmed with appropriate alarms. 

 

3.2.6 Except as specified otherwise, throttling ranges, proportional bands, and switching 

differentials shall be centered on the associated set point. 

 

3.2.7 All set points unless otherwise indicated are adjustable and shall be programmable for all 

control loops. 

 

3.2.8 Each control loop and/or interlock(s) for all mechanical system including terminal unit 

systems shall be programmed with a control loop specific graphical trend to trend all 

values associated with each specific control loop or system interlock. 

 

3.2.9 Where any sequence or occupancy schedule calls for more than one motorized unit to 

start simultaneously, the system start commands shall be staggered by 60-second (adj.) 

intervals to minimize inrush current. 

 

3.2.10 Scheduling shall be developed for each mechanical system.  Final schedules shall be 

coordinated with the FAMU Facilities Office prior to system commissioning.  Until 

indicated otherwise the following schedule shall be used: 

 

1. Occupied: Monday – Friday/07:00 – 20:00 

 

2. Unoccupied: All other times and all statutory holidays. 

 

3.2.11 Optimal start/stop programs shall be applied to all regularly scheduled mechanical and 

electrical systems. 

 

3.2.12 At a minimum, trend log/historical data shall be implemented for every hardware point 

on the system.  Additionally all software (virtual) points used as setpoints shall be 

trended.  Point trends shall be grouped into logically interrelated points for individual 

mechanical and building systems.  Initial set-up shall be to log values once every 5 

minutes. Refer to points list on electrical and mechanical drawings for components 

requirements. 

 

3.2.13 B-OWS Graphical User Interface (GUI) must be approved by the FAMU Facilities Office  

and shall incorporate at a minimum the following 
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1. At a minimum, all physical hardware, sensors, control devices and set points shall 

be visible on a B-OWS in graphical form. 

 

2. All mechanical systems shall have a programmed real time color graphic for 

primary graphical user interface 

 

3. Individual floor plan graphics will be programmed for each floor or area of the 

building.  All space sensors will be visible on floor plan graphics and system 

graphic. 

 

3.2.14 The system shall observe the following command priorities (from highest to lowest): 

 

1. Smoke Control and Life Safety (BACnet Object Priority Array Level 1 & 2) 

 

2. Manual Operator Command (BACnet Object Priority Array Level 8) 

 

3. Energy Management (BACnet Object Priority Array Level 9) 

 

4. Normal Automatic Control (BACnet Object Priority Array Level 10) 

 

3.3 DIRECT AND WEB-ENABLED SERVER, (B-OWS) HARDWARE 

 

3.3.1 Provide as specified for each PC-Based B-OWS 

 

3.3.2 Assemble server components in a configuration that allows easy operator access to all 

necessary components from one position.  Locate components as required by the FAMU 

Facilities Office. 

 

3.3.3 Connect to LAN as required.  The LAN/WAN used for communication within the 

building shall be dedicated to the BACnet network and digital controls network.  The 

only connection to the building’s LAN shall be at the Web-Enabled Server (B-OWS) for 

remote communication.   

 

3.3.4 Provide sufficient permanent and removable storage drives for 25% free memory after 

provision for all operating system, Third party and Control System Application software, 

all fully configured point databases, storage/back-up of all B-BC, B-AAC and B-ASC 

application programming, all graphic files, all user-defined reports and a three year 

archive of all trend and historical data described in this specification. 

 

3.3.5 Provide sufficient RAM to meet system performance requirements. 

 

3.4 LOCAL AREA NETWORKS (LAN) 
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3.4.1 The control system shall be configured so that any individual network shall not exceed 

80% of its total design network capacity.  The system shall have a reserve of 20% 

network capacity. 

 

3.4.2 Where possible all Hubs, Switches, Half and Full Routers will be from the same 

manufacturer.  Switches will be all “Store and Forward” type and will be installed in 

accordance with manufacturer specifications. 

 

3.4.3 Inverted Networks will not be allowed.  Networks with minimum packet sizes smaller 

than those it connects to will not interconnect networks with larger minimum packet 

sizes.  If three or more networks are interconnected the network with the highest speed 

and minimum packet size will be utilized to interconnect the slower networks. 

 

3.4.4 Where BACnet/IP LAN type is used, non-TCP/IP devices shall not be used.  Where 

BACnet/IP is provided it shall comply with all Addendum to ANSI/ASHRAE 135-1995 

BACnet/IP.  

 

3.5 BACnet PROTOCOL VERIFICATION SOFTWARE 

 

3.5.1 Demonstrate exclusive communication utilizing the BACnet Protocol on all segments of 

the BACnet network. 

 

3.6 BUILDING CONTROLLER (B-BC) 

 

3.6.1 Provide as required to meet performance requirements of the system with a 20% increase 

in connected B-AAC and B-ASC on any individual network.  Provide a dedicated B-BC 

for all project specific equipment requiring this controller type. 

 

3.6.2 Locate strategically such that B-BC locations are as equally distributed throughout the 

project as possible. 

 

3.7 ADVANCED APPLICATION CONTROLLERS (B-AAC) 

 

3.7.1 Provide a dedicated B-AAC for each medium-sized mechanical system. 

 

3.7.2 All points used for a single mechanical system shall be connected to the same B-AAC.  

Points used for control loop reset based on outside air, or space/zone temperature, or 

extremely remote differential pressure sensors on slow acting control loops are exempt 

from this requirement. 

 

3.7.3 Provide spare additional I/O such that future use of spare capacity shall require providing 

only the field device, field wiring, point database definition and operational sequence 

programming changes as required.  Additional point modules may be required to 

implement use of these spare points.   
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1. Provide at least one (1) spare universal input and one (1) spare universal output or 

15% spare I/O of the total capacity of each B-AAC whichever is greater. 

 

2. If B-AAC I/O is not universal then provide at least one (1) spare analog input, one 

(1) spare digital input, one (1) spare analog output and one (1) spare digital output 

or 15% spare I/O of the total capacity for each point type of each B-AAC 

whichever is greater. 

 

3.8 APPLICATION SPECIFIC CONTROLLERS (B-ASC) 

 

3.8.1 Provide a dedicated B-ASC for each Terminal Unit Mechanical Device on the project, 

including VAV and Fan Powered Terminal Units, Unit Heaters, and Individual Fans.  

Terminal Units specifically called out in the sequence of operation, as “Non-DDC” shall 

be excluded from this requirement. 

 

3.8.2 All points used for a single Terminal Unit Mechanical Device shall be connected to a 

dedicated B-ASC.  Points used for control loop reset based on outside air, or space/zone 

temperature, or extremely remote differential pressure sensors on slow acting control 

loops are exempt from this requirement. 

 

3.8.3 VAV ATU and FP-VAV ATU Controllers 

 

1. Provide networked B-ASC for each VAV ATU and FP-VAV ATU consisting of a 

controller, damper actuator, and velocity transducer. 

 

2. The ATU manufacturer shall provide a transformer, and factory wire the B-ASC 

and other unit mounted control devices such as actuators. 

 

3. The ATU shall be provided with multi-point averaging type flow sensor factory 

piped to the velocity transducer. 

 

4. Provide a networked communicating room sensor for each terminal unit that shall 

be field mounted and wired.  Networked communicating room sensors shall be 

capable of performing airflow calibration and TAB functions without additional 

hardware or software. 

 

5. Where indicated on the drawings and/or in one (1) location per floor, wing, 

building or section (whichever is more frequent), install networked communicating 

room sensor enabled to provide BACnet network connection to Service Tool 

and/or Portable B-OWS. 

 

3.9 LOCAL SYSTEM NETWORK INTERFACE 

 

3.9.1 At a minimum the Portable B-OWS shall be able to connect to the BACnet Internetwork 

within each mechanical equipment space within the project.  For manufacturers systems 

that do not allow direct portable B-OWS connections to B-AAC and B-ASC this may 
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require that a higher level LAN be routed to each mechanical equipment space with a 

jack. 

 

3.10 TEMPERATURE CONTROL PANELS (TCP), ENCLOSURES & SUB-PANELS 

 

3.10.1 All system components not designed for or required to be field installed shall be mounted 

in a control enclosure.  Those components shall be sub panel mounted except components 

that are mounted on the panel face.  Provide on/off power switch with over-current 

protection for control power sources in each local enclosure. 

 

3.10.2 All control enclosures shall be located as shown on the drawings and wherever possible 

(or where not indicated on the drawings) so that visual observation and adjustment can be 

accomplished while standing flatfooted on the floor in a convenient location adjacent to 

the equipment served.  Install all equipment in readily accessible location as defined by 

Chapter1 Article 100 Part A of the NEC. 

 

3.10.3 Label all control system components. 

 

3.10.4 A copy of the “As-built” application engineering for the system served shall be laminated 

in clear plastic, shall be legible and suspended within enclosure. 

 

3.10.5 All B-BC shall be mounted in an enclosure. 

 

3.11 INTERCONNECTING WIRING AND CABLING 

 

3.11.1 General 

 

1. It shall be the System Contractor's responsibility to provide all wiring required for 

a complete Control System. 

 

2. Control system wiring and cabling installed for this project shall be performed by 

professionals in a workmanlike manner and in accordance with the Contract 

Documents, Section 26 Project Electrical System Specifications, the National 

Electric Code (NEC), and any/all applicable local codes and/or Authorities Having 

Jurisdiction (AHJ) and shall include but may not be limited to the following: 

 

a. All power wiring required not indicated on the electrical plans and 

specifications. 

 

b. Power to all actuators and sensors. 

 

c. Provide all wiring and cabling for network communications except 

for owner provided LAN’s/WAN’s. 

 

d. All sensor and control device input and output wiring. 
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e. All interconnecting cabling between and amongst network devices, 

PCs printers, modems, etc. 

 

f. Interlock wiring between devices, and between motor starters. 

 

g. All other necessary wiring for fully complete and functional 

system as specified. 

 

h. Install piping, wiring/cabling routed parallel to or at right angles 

with the structure, properly supported every six (6) feet at a minimum 

and installed in a workmanlike manner. 

 

3. Maximum allowable voltage for control wiring shall be 120-volts. 

 

4. All wiring shall be installed as continuous links.  Any required splices shall be 

made only within an approved junction box or other approved protective device 

with a maximum fill of 50%. 

 

a. BACnet network cabling shall not be field spliced 

 

5. Verify integrity of all wiring to ensure continuity and freedom from shorts and 

grounds. 

 

6. This Contractor shall terminate all control and/or interlock wiring and shall 

maintain updated (as-built) wiring diagrams with terminations identified at the job 

site. 

 

3.11.2 Power Wiring and Cabling 

 

1. Where required, power wiring for the control system shall be from circuits on 

emergency power panels.  At a minimum; B-BC’s, the B-OWS and any other DDC 

devices and control devices connected to and/or responsible for system critical 

equipment shall be powered from circuits on emergency power panels. 

 

2. Power wiring for all enclosures and equipment, including branch circuit wiring 

from circuit breaker panels shall be the responsibility of the System Contractor 

unless specifically shown on the Plans or Specifications to be provided under 

Section 26.  Dedicated branch circuits shall be provided under Section 26. 

 

3. All B-OWS equipment shall be served from isolated ground receptacles via UPS 

by dedicated branch circuits. 

 

4. All other enclosures, sensor and control devices shall be fed from separate circuits 

in the electrical distribution panels and shall not be served from the typical floor 

receptacle or lighting circuits. 
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3.11.3 Network Wiring and Cabling 

 

1. Network installation shall strictly adhere to the manufacturer’s networking 

installation instructions and procedures 

 

2. All communications wire shall be externally identified as “Building Energy 

Management System Network” at least once every five feet. 

 

3. Network installation shall conform to standards for the LAN types and cabling 

types selected.  Specific network rules inherent to the ANSI/AHRAE Standard 

135-1995, BACnet will be followed.  Those include but are not limited to: 

 

a. Only one path can exist from any BACnet device to another 

 

b. Each BACnet device connected to an internetwork LAN must have 

a unique device instance (0 - 4,194,303). 

 

c. Each internetwork LAN must have a unique Network Number (1 - 

65,545). 

 

d. Wire type used for MSTP, RS-485 twisted pair communications 

must be balanced twisted pair with 100 to 120 Ohms Characteristic 

Impedance. The wire shall be less than 30 pF per foot, and preferred 

22AWG or lower.  A shield wire shall be included for ground 

connection. 

 

4. Primary LAN Network wire and cable shall be run separately from all other 

wiring. 

 

5. Other LAN Network wire and cabling shall be installed separate from any wiring 

over thirty (30) volts. 

 

6. All communications shielding shall be grounded as per Networked System 

manufacturer’s recommendations. 

 

3.11.4 Installation 

 

1. Except in mechanical and electrical spaces where other conduits or piping is 

exposed, conceal wiring and cabling as much as possible and install and comply 

with the requirements of the Contract Documents, Section 26 Project Electrical 

System Specifications, the National Electric Code (NEC), and any/all applicable 

local codes and/or Authorities Having Jurisdiction (AHJ)  

 

2. All wiring and cabling installed in and/or routed through TCP, Enclosures and 

Sub-Panels shall regardless of voltage and/or service be fastened securely using 

cable ties, non-metallic wiring duct and/or other standard industry wiring 
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management means and methods in a workmanlike manner parallel and/or 

perpendicular with enclosure. 

 

3. All TCP, Enclosures, Sub-Panels, Junction Boxes, Pull Boxes, Troughs, Trays, 

Raceways, Conduits, &c. shall not exceed 70% maximum conductor fill. 

 

4. Each Input/Output device shall be controlled from a dedicated 2-pair conductor 

 

5. Each Input/Output device requiring power shall have a dedicated power wire run 

to the control enclosure and shall be terminated to a dedicated terminal strip 

 

6. All wire with controls enclosure shall be neat and suitably bundled and contained 

in Panduit wire duct or equivalent 

 

7. All wiring will be suitably identified by thermal print heat shrink tubing at 

controller and Input/Output device.  

 

3.12 ANALOG SENSORS 

 

3.12.1 Temperature 

 

1. All wires attached to sensors shall be air sealed in their conduits or in the wall to 

stop air transmitted from other areas affecting sensor readings. 

 

2. Install and properly support all enclosures and sensing elements as much as 

possible in the center of duct cross section and in straight duct runs.  In condensing 

environments use stainless steel flanges to support sensing elements. 

 

3. Sensors mounted on air ducts having exterior insulation shall be provided with 

handy-box mounting with insulating material firmly fitted around handy-box. 

 

4. Sensors for mixed air and outdoor air streams greater than 6 square feet or 24” in 

either direction shall be averaging type.  Provide a minimum of 1 linear foot of 

sensor per 4 square feet of duct area or equal to duct width where installed, 

whichever is longer.  Averaging sensing tubing shall serpentine vertically across 

airstream and be supported firmly by mechanical clips. 

 

5. Temperature sensors installed in piping or tanks shall be in separable 

thermowells.  Sensors shall be inserted into thermowells with conductive paste.  

Assembly shall allow removal of sensor without loss of fluid. 

 

6. At a minimum one outside air temperature sensor shall be installed.  It shall be 

mounted outside on a northern exposure as high as serviceable on the building.  

The sensor shall be mounted within a ventilated enclosure to shield the sensor from 

the effects of the sun.  The sensor location shall be selected such that it may not be 
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affected by artificial and/or mechanical airstreams (i.e., building exhaust, building 

relief, &c.). 

 

7. Terminal Unit Sensors shall be provided one per terminal unit device with the 

exception of large non-partitioned areas served by multiple terminal units.   

 

a. They shall be wall mounted in the space served 60” above finished 

floor and located as shown on drawings.   

 

b. Provide a minimum of 16’ of coiled temperature sensor control 

wiring for equipment with space sensor not located on the Drawings.  

  

c. In all areas where terminal unit sensor locations are not known at 

the time of building startup, sensors shall be hung approximately 24 

inches from the ceiling in the area of the controlled zone and 

connected.  Control wiring shall be neatly coiled and attached to 

ceiling grid.  Sensors located in service corridors where subject to 

regular damage shall be mounted 84” above finished floor. 

 

8. Zone temperature sensors shall not be located on perimeter walls.  Where 

explicitly indicated on drawings to do so and/or in locations near exterior walls 

and/or subject to drafts sensors shall have insulated mounting bases to prevent 

false room temperature readings. 

 

9. Where wall sensors are mounted in an area subject to damage provide suitable 

protective guard. 

 

10. Where wall sensors are mounted in public spaces with adjustable set points 

provide suitable security guard. 

 

11. Provide matched temperature sensors for differential temperature measurement.  

Differential accuracy shall be within 0.1°C (0.2°F). 

 

3.12.2 Wet Bulb 

 

1. For outside air mount same as outside air temperature sensor. 

 

2. For duct mounting execute same as duct mounted temperature sensor. 

 

3.12.3 Pressure 

 

1. Orient static pressure sensing taps faced directly down-stream in the airflow so as 

to eliminate velocity pressure effects.  Locate pressure transducers within 50’ of 

sensing point and use tubing sized such as to prevent signal phase lag. 
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a. Final location of static/differential pressure sensing taps shall be 

pursuant with Contract Documents and as indicated on drawings.  

Where not explicitly indicated on drawings, pressure sensing taps shall 

be located as follows: 

1) Duct static pressure control sensor tap shall be 

located 2/3 distance from the Air Handling Unit of 

the total duct length in a straight section of 

ductwork with a minimum or four (4) duct 

diameters in both directions  

2) Positive static high-pressure safety cut-outs shall be 

located at Air Handling Unit immediately 

downstream of fan section 

3) Mixed-Air static and/or differential sensor tap shall 

be located in mixing box section 

4) Negative static pressure safety cut-outs shall be 

located immediately upstream of fan section 

5) Filter differential pressure taps shall be installed on 

both filter inlet and outlet 

 

b. Mount air differential pressure taps so that true differential is 

sensed 

 

2. Water gauge taps shall include snubbers and isolation valves 

 

3. Water differential pressure sensors shall be piped through a five-valve bypass 

assembly with snubbers 

 

3.12.4 Position 

 

1. Mount damper position indicator onto damper blade and out of air stream as much 

as possible. 

 

3.12.5 Flow 

 

1. Mount airflow measuring station differential pressure sensor outside of fan 

casing. 

 

3.13 SWITCHING SENSORS 

 

3.13.1 Temperature 

 

1. Wherever mixed or entering air temperatures are below 35F (1.4C), the sensing 

tube shall be installed across the leaving face of the first coil in the airstream.  The 

low-temperature thermostat shall be arranged to stop the units supply fan and its 

associated return air fan should the temperature at any point along the sensing 

element fall below 35F (1.4C). Provide a minimum of one foot of sensing 
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element for each square foot of coil face area.  In condensing environments use 

stainless steel sensing element and capillary mounting clips. 

 

3.13.2 Differential Pressure 

 

1. Differential pressure type switches shall be installed as per differential pressure 

sensors and shall provide a maximum switching differential of 10% of the sensed 

operating range for the application at minimum and maximum designed flow rates.  

Set point shall be selected to operate at midpoint of span. 

 

2. Paddle type water flow switch shall be used to verify flow through chillers, other 

applications for operational, safety or other critical control interlock, on-off flow 

status monitoring, and at locations as indicated on the Drawings. Provide with 

NEMA 4 enclosure when installed in a condensing environment. 

 

3. Differential pressure type water flow switch shall be used for on-off flow status 

monitoring of equipment and to position secondary chilled water loop return 

control valves.  The sensing tubes shall be installed between the equipment and the 

nearest service valves. 

 

3.13.3 Position 

 

1. Mount damper blade end switch in such a manner that it is located out of the 

airstream as much as possible.  End switch as installed shall be repeatable to within 

a range of 5 degrees.  Under no circumstances shall mercury-style end switches be 

permitted. 

 

3.13.4 Direct drive motors are permitted to utilize a current switch without an adjustable set 

point. 

 

3.14 AUTOMATIC CONTROL VALVES 

 

3.14.1 Flow characteristics shall be as follows: 

 

1. Flow type for 2-way valves shall be equal percentage, except for terminal unit 

zone valves, and differential pressure control applications. 

   

2. Flow type for 3-way valves shall be linear, except for terminal unit zone and ball 

valves. 

 

3. Terminal unit zone, differential pressure applications shall be linear flow 

characteristic. 

 

3.14.2 Two-way, control valves shall be provided for all convectors, fin radiation, horizontal 

unit heaters, unit ventilators, and all steam applications.  
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3.14.3 Two-way control valves shall be provided for all cabinet unit heaters, duct coils, and any 

other locations noted on drawings. 

 

3.14.4 Two-way valves shall not be placed on branch or main hydronic circuits where these 

valves will cause a "dead-head" pumping condition.  Three-way valves shall be used to 

avoid this condition. 

 

3.14.5 Valve actuator and trim shall be furnished to provide the following minimum close-off 

pressure ratings: 

 

1. Two-Way liquid valves shall be 150% of total system (pump) head. 

 

2. Three-Way liquid valves shall be 300% of pressure differential between ports A 

and B at design flow or 100% of total system (pump) head, whichever is greater. 

 

3.14.6 Water Sizing Criteria at full flow: 

 

1. Two-position service shall be line size. 

 

2. Two-way or three-way modulating service shall have a maximum pressure drop 

not to exceed 4 PSI. 

 

3. Differential pressure modulating service shall have a maximum pressure drop not 

to exceed 12 PSI. 

 

3.15 VALVE ACTUATORS 

 

3.15.1 When an air handling unit or major piece of mechanical equipment is not in operation, 

control devices shall remain in their “off” positions.  Fail-safe positions shall be the same 

and defined as follows: 

DEVICES     OFF/FAIL-SAFE POSITION 

1. HHW Coil Valves:        As-is position to Coil/Equipment 

 

2. CHW Coil Valves:        As-is position to Coil/Equipment 

 

3.16 DAMPER ACTUATORS 

 

3.16.1 Check operation of damper/actuator combination to confirm that actuator modulates 

damper smoothly throughout stroke to both open and closed positions. 

 

3.16.2 Spring return actuators shall be provided except as follows.   

 

1. Terminal or unitary equipment without direct introduction of outside air are 

permitted to have actuators that maintain their last commanded position when 

power is lost.  
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2. Damper actuator shall not be required to be provided with spring return provided 

that it is not directly connected to Outdoor Air and a failure of the damper to return 

to its “normal” position will not incur damage to the system/space it serves. 

 

3.16.3 Modulating actuators shall be provided for terminal unit mechanical devices may use an 

actuator that responds to a floating or tri-state signal.  

 

3.16.4 Minimum torque and power output requirements of actuators shall not be less than 1.2 

times required design load. 

 

3.16.5 When an air handling unit or major piece of mechanical equipment is not in operation, 

control damper shall remain in their “off” positions. Fail-safe positions shall be the same 

and defined as follows 

DEVICES      OFF/FAIL-SAFE POSITION 

1. Outdoor Air Dampers:     Closed 

 

2. Return Air Dampers:     Open 

 

3. Exhaust/Relief Air Dampers:     Closed 

 

END OF SECTION 23 09 23
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 21 13 - CHILLED WATER SYSTEMS  

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Refer to other Division-23 sections for insulation of hydronic piping; not work of this 

section. 

 

1.4 Refer to other Division-23 sections for hydronic specialties; not work of this section. 

 

1.5 Refer to other Division-23 sections for HVAC pumps; not work of this section. 

 

1.6 Refer to other Division-23 sections for testing, adjusting, and balancing of hydronic 

piping systems; not work of this section. 

 

1.7 Codes and Standards:  Fabricate and install hydronic piping in accordance with ASME 

B31.9 "Building Services Piping." 

 

1.8 Approval Submittals: 

 

1.8.1 Product Data:  Submit manufacturer's product data for: 

 

 Valves 

 Meters and Gauges 

 Vibration Control 

 Access doors 

 

1.8.2 Shop Drawings:  Submit scaled layout drawings of piping systems in mechanical 

rooms including, but not necessarily limited to, pipe sizes, location, offsets, 

connections, elevations, and  hydronic specialties.  Indicate interface and spatial 

relationship between piping and equipment.  Coordinate with all other trades work and 

existing conditions.  Field verify final location of pipe prior to submittal of layout 

drawings and fabrication.   

 

1.9 Test Reports and Verification Submittals: 
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 Submit welder's certificates. 

 Submit water treatment test report. 

 

1.10 O&M Manual Submittals:  Submit a copy of approval submittals.  Include this data in 

O&M manual.   

         

2 PRODUCTS 

 

2.1 General:  Provide piping materials and factory-fabricated piping products of sizes, 

types, pressure ratings, temperature ratings, and capacities as indicated.  Where not 

indicated, provide proper selection as determined by Installer to comply with 

installation requirements.  Provide materials and products complying with ASME 

B31.9 Code for Building Services Piping where applicable, base pressure rating on 

hydronic piping systems maximum design pressures.  Provide sizes and types 

matching piping and equipment connections; provide fittings of materials which match 

pipe materials used in hydronic piping systems.  Where more than one type of 

materials or products are indicated, selection is Installer's option. 

 

2.2 Basic Identification:  Provide identification complying with Division-23 Basic 

Mechanical Materials and Methods section "Mechanical Identification." 

 

2.3 Basic Pipes and Pipe Fittings:  Provide pipes and pipe fittings complying with Division 

23 section 23 05 22 “Fusiolen PP-R Piping”. 

 

2.3.1 Underground Piping:  All underground piping regardless of size shall be welded. 

 

2.4 Basic Piping Specialties:  Provide piping specialties complying with Division-23 Basic 

Mechanical Materials and Methods section "Piping Specialties." 

 

2.5 Basic Supports and Anchors:  Provide supports and anchors complying with Division-

23 Basic Mechanical Materials and Methods section "Supports and Anchors." 

 

2.6 Basic Valves:  Provide valves complying with Division-23 Basic Materials and 

Methods section “Valves” and the following list: 

 

2.6.1 Standard Service Sectional Valves:  Type GA1, GA3, BF1, BF2, BF3, BF4. 

 

2.6.2 Standard Service Shutoff Valves:  Type GA1, GA3, BA1, BF2, BF4. 

 

2.6.3 Standard Service Check Valves:  Type CK1, CK3. 

 

2.6.4 Standard Service Drain Valves:  Type GA1, BA1. 

 

2.6.5 Standard Service Terminal Runout Valves (Steel Runouts):  Type GA1, GA3, BA1. 

 

2.6.6 Standard Service Terminal Runout Valves (Copper Runouts):  Type GA2, BA2. 
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2.7 Basic Meters and Gauges:  Provide meters and gauges complying with Division-23 

Basic Mechanical Materials and Methods section "Meters and Gauges", in accordance 

with the following listing: 

 

2.7.1 Temperature gauges and fittings. 

 

2.7.2 Pressure gauges and fittings. 

 

2.7.3 Flow measuring meters. 

 

2.8 Basic Vibration Control:  Provide vibration control products complying with Division-

23 Basic Mechanical Materials and Methods section “Vibration Control” and the 

following list: 

 

2.8.1 Pump Connections:  Type PF1. 

 

2.9 Access Doors:  Provide access doors to service all valves and other devices as required 

in accordance with Division-23 Basic Materials and Methods Section “Access Doors”. 

 

3 EXECUTION 

 

3.1 General:  Examine areas and conditions under which hydronic piping systems 

materials and products are to be installed.  Do not proceed with work until 

unsatisfactory conditions have been corrected in manner acceptable to Installer. 

 

3.2 Installation of Hydronic Piping: 

 

3.2.1 General:  Install hydronic piping in accordance with Division-23 Basic Mechanical 

Materials and Methods section "Pipes and Pipe Fittings". 

 

3.2.2 Install eccentric reducers where pipe is reduced in size in direction of flow, with tops 

of both pipes and reducer flush.  Do not use bushings. 

 

3.2.3 Install piping with 1/32" per foot (¼%) upward slope in direction of flow, or as 

indicated on the drawings.  The intent is to install piping sloped to drains at low points 

in the system for a drainable system. 

 

3.2.4 Connect branch-feed piping to mains at horizontal center line of mains, connect run-

out piping to branches at horizontal center line of branches. 

 

3.2.5 Locate groups of pipes parallel to each other, spaced to permit applying full insulation 

and servicing of valves. 

 

3.3 Install piping specialties in accordance with Division-23 Basic Mechanical Materials 

and Methods section "Piping Specialties". 
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3.4 Install supports and anchors in accordance with Division-23 Basic Mechanical 

Materials and Methods section "Supports and Anchors". 

 

3.5 Install valves in accordance with Division-23 Basic Mechanical Materials and 

Methods section "Valves". 

 

3.5.1 Sectional Valves:  Install on each branch and riser, close to main, where branch or riser 

serves 2 or more hydronic terminals or equipment connections, and elsewhere as 

indicated. 

 

3.5.2 Shutoff Valves: Install on inlet and outlet of each mechanical equipment item, and on 

inlet and outlet of each hydronic terminal, and elsewhere as indicated. 

 

3.5.3 Drain Valves:  Install on each mechanical equipment item located to completely drain 

equipment for service or repair.  Install at base of each riser, at base of each rise or 

drop in piping system, and elsewhere where indicated or required to completely drain 

hydronic piping system. 

 

3.5.4 Check Valves:  Install on discharge side of each pump, and elsewhere as indicated. 
 
3.6 Install meters and gauges in accordance with Division-23 Basic Materials and Methods 

section "Meters and Gauges". 
 
3.7 Equipment Connections: 
 
3.7.1 General:  Connect hydronic piping system to mechanical equipment as indicated on the 

drawings, and comply with equipment manufacturer's instructions where not otherwise 
indicated.  Install shutoff valve and union on supply and return and a drain valve on the 
drain connection.  Connections between dissimilar metals shall be made with dielectric 
devices.  

 
3.7.2 Hydronic Terminals: Install hydronic terminals with shutoff valves, unions and related 

devices as shown on the drawings.  Install manual air vent valve on element in 
accordance with manufacturer's instructions.  Locate valves and balancing cocks for 
ease of maintenance.  Where indicated, install automatic temperature control valve 
with unions on return line between coil and shutoff valve. 

 
3.8 Provide sufficient swing joints, expansion loops and devices necessary for a flexible 

piping system.  Install drain valves at all low points of each system to enable complete 
drainage, and air vents at all high points in the piping system to enable complete air 
venting. 

 
3.9 Pipe drains from pump glands, relief valves, strainers, etc., to spill over an open sight 

drain, floor drain or other acceptable discharge point, and terminate with a plain end 
(unthreaded pipe) 6" above the drain.  Rigidly support all drains. 

 
3.10 Locate and coordinate installation of access doors for all valves and devices in 

accordance with Division-23 Basic Mechanical Materials and Methods section 
“Access Doors”. 
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3.11 Testing, Cleaning, Flushing, and Inspecting:  Test, clean, flush, and inspect hydronic 

piping systems in accordance with requirements of Division-23 Basic Mechanical 
Materials and Methods section "Testing, Cleaning, and Sterilization of Piping 
Systems." 

 
3.12 Chemical Treatment:  Fill l hydronic piping systems, adding a nitriteborate, MBT 

based treatment for corrosion protection.  Add to establish the levels recommended by 
the water treatment company, but no less than 500 ppm nitrite and a minimum pH of 
8.5.  Repeat measurements daily with system under full circulation and apply 
chemicals to adjust levels until no change is apparent.  The contractor shall maintain 
the chemical treatment throughout construction and the warranty period.   

 
END OF SECTION 23 21 13 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

SECTION 232114 - CHILLED WATER PREINSULATED PIPING SYSTEMS  

1  GENERAL 

1.1  RELATED DOCUMENTS 

1.1.1  Drawings and general provisions of the Contract, including General and Supplementary 

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

1.2  SUMMARY 

1.2.1  Section Includes: 

 

Plastic pipe and fittings. 

Transition fittings. 

Pre-insulated piping 

Data logging 

1.3  PERFORMANCE REQUIREMENTS 

1.3.1  Provide components and installation capable of producing hydronic piping systems with 

the following minimum working-pressure ratings: 

Chilled-Water Piping:  100 psig at 200 deg F  

1.4 REFERENCE DOCUMENTS 

1.4.1  ASTM F 2389-07 - Standard Specification for Pressure-rated Polypropylene (PP) 

Piping Systems  

1.4.2  CSA B137.11 - Polypropylene (PP-R) Pipe and Fittings for Pressure Applications 

1.4.3  NSF/ANSI 14 – Plastic Piping System Components and Related Materials 

1.4.4  ASTM F1668 - Standard Guide for Construction Procedures for Buried Plastic Pipe 

1.4.5  ASTM D2657 - Standard Practice for Heat Fusion Joining of Polyolefin Pipe and 

Fittings 
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1.4.6  DIN - DVS 2207-11 2017 - Welding thermoplastic materials - Heated element welding 

of pipes, piping parts and panels made of Polypropylene 

  

1.5  SUBMITTALS 

1.5.1  Product Data:  For the following: 

 

Hydronic piping 

Pre-insulated piping 

1.5.2  Shop Drawings: Submit scaled layout drawings of underground preinsulated piping 

system including, but not necessarily limited to, pipe sizes, location, offsets, 

connections, elevations, and slopes of horizontal runs, wall and floor penetrations, and 

connections.  Indicate interface and spatial relationship between piping and manholes.  

Coordinate with all other site utilities and all existing conditions.  Field verify final 

location of pipe prior to submittal of layout drawings and fabrication.  Shop drawings 

shall indicate the existing conditions.  Probe or excavate as required.  

1.5.3  Qualification Data:  For qualified Installer. 

1.6  QUALITY ASSURANCE 

1.6.1  Certify that each installer has been trained by the manufacturer’s representative for 

fusion piping installation. 

2  PRODUCTS 

2.1  PLASTIC PIPE AND FITTINGS 

2.1.1  POLYPROPYLENE (PP-R) OR PP-RP(RCT) PIPE AND FITTINGS FOR WATER 

DISTRIBUTION AND WATER SERVICE 

 

2.1.1.1  Pipe shall be manufactured from a PP-R or PP-RP(RCT) resin (Fusiolen) meeting the 

short-term properties and long-term strength requirements of ASTM F 2389.  The pipe 

shall contain no rework or recycled materials except that generated in the 

manufacturer's own plant from resin of the same specification from the same raw 

material.  All pipe shall be made in an extrusion process.  Domestic hot water piping 

shall contain a fiber layer (faser) to restrict thermal expansion. All pipe shall comply 

with the rated pressure requirements of ASTM F 2389.  All pipe shall be certified by 

NSF International as complying with NSF 14, NSF 61, and ASTM F 2389 or CSA 

B137.11. 
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2.1.1.2  Pipe shall be Aquatherm® Blue Pipe® MF®, or Blue Pipe PP-RP(RCT)® available 

from Aquatherm, NA.  Piping specifications and ordering information are available at 

www.aquatherm.com. 

2.1.1.3  Fittings shall be manufactured from a PP-R resin (Fusiolen) meeting the short-term 

properties and long-term strength requirements of ASTM F 2389.  The fittings shall 

contain no rework or recycled materials except that generated in the manufacturer's 

own plant from resin of the same specification from the same raw material.  All fittings 

shall be certified by NSF International as complying with NSF 14, NSF 61, and ASTM 

F 2389 or CSA B137.11. 

2.1.1.4  Polypropylene Fittings: socket fusion, butt fusion, electrofusion, or fusion outlet fittings 

shall be used for fusion weld joints between pipe and fittings.   

2.1.1.5  Mechanical fittings and transition fittings shall be used where transitions are made to 

other piping materials or to valves and appurtenances. 

2.1.1.6  Polypropylene pipe shall not be threaded.  Threaded brass or stainless steel transition 

fittings per ASTM F 2389 shall be used where a threaded connection is required. 

2.1.2  Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by 

piping system manufacturer unless otherwise indicated. 

2.2  TRANSITION FITTINGS 

2.2.1  Plastic-to-Metal Transition Fittings shall be the following:   

2.2.1.1  PP-R one-piece fitting with threaded stainless steel, brass, or copper insert and one PP-

R fusion weld joint end. 

2.3  DELIVERY STORAGE AND HANDLING 

2.3.1  Inspect the pipe upon receipt to ensure that it has not been damaged during shipping. 

2.3.2  Damaged pipe should be cataloged and returned for replacement following distributor’s 

procedures for returns. 

2.3.3  Protect piping, valves, fittings, etc. before installation in accordance with 

manufacturer’s written instructions. 

2.3.4  Always store the pipe on a flat surface. When storing the pipe on racks or supports on 

the ground always have at least four supports, evenly spaced, under a 19-ft length. Place 

plywood on top of the supports to prevent warping. 

2.3.5  Piping shall be shipped from the factory with capped ends and stored on supports off 

the ground with ends covered at all times to prevent nesting of insects, birds, and other 

animals. Any pipe found to be without end-caps or not raised off of the ground should 

be cleaned by the contractor prior to installation. 

2.3.6  Protect piping from accumulation of dirt and debris in and around piping/components. 

http://www.aquatherm.com/
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2.3.7  If the pipe is removed from its bag, or the bag has been damaged do not store the pipe 

unprotected from UV rays (sunlight) for longer than six months. Pipe that is exposed to 

direct sunlight for longer than six months will not be covered under the warranty. 

2.3.8  Never place the forks of a forklift into the ends of the pipe. The interior of the pipe may 

be damaged and can cause it to crack. Handlers may use a padded rug ram inside the 

pipe or use a crane or lift to handle larger pipe. 

2.3.9  In cold weather, take extra care when handling the pipe. Cold temperatures reduce the 

pipe’s flexibility, making it more susceptible to impact damage. 

2.4  WARRANTY 

2.4.1  Manufacturer shall warrant pipe and fittings for 10 years to be free of defects in 

materials or manufacturing.  

2.4.2  Warranty shall cover labor and material costs of repairing and/or replacing defective 

materials and repairing any incidental damage caused by failure of the piping system 

due to defects in materials or manufacturing.  

2.4.3  Warranty shall be in effect only upon submission by the contractor to the manufacturer 

valid pressure/leak test documentation indicating that the system was tested and passed 

the manufacturer’s pressure/leak test.  

2.4.4  All Pre-Fab work performed by the manufacturer for the contractor shall be covered by 

the manufacturer’s 10-year warranty including welded joints and fittings. 

2.4.5  Installers shall be trained and certified to install the pipe according to the 

manufacturer’s guidelines. Contact your local Aquatherm representative for training. 

2.5  INSULATIONS 

2.5.1  Pre-insulated Pipe 

2.5.1.1  Pre-insulated pipe shall be a complete system of factory pre-insulated polypropylene 

piping for the specified service.  

 

2.5.1.2  Carrier pipe shall be polypropylene PP-R or PP-RP(RCT) by Aquatherm, conforming 

to ASTM F-2389 as previously specified herein.  

 

2.5.1.3  Insulation shall be polyurethane foam either spray applied or injected with one shot into 

the annular space between carrier pipe and jacket with a minimum thickness of one 

inch. Insulation shall be rigid, 90-95% closed cell polyurethane with a 2.0 to 3.0 pounds 

per cubic foot density and coefficient of thermal conductivity (K- Factor) of 0.16 and 

shall conform to ASTM C-591.  
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2.5.1.4  Jacketing material shall be extruded, black, high-density polyethylene (HDPE), having 

a minimum wall thickness of 100 mils for jacket sizes less than or equal to 12”, and 125 

mils for jacket sizes larger than 12” to 24”.  

 

2.5.1.5  Pre-insulated fittings (Tees and elbows) shall meet the same requirements as noted 

herein for pre-insulated pipe. Fittings shall have stubs of an extra 36” of pipe on each 

inlet and outlet for future ease of insertion into the piping system. Pre-insulator shall 

provide on-site insulation kit to connect to the pre-insulated system to make a 

continuous insulation system. 

 

2.5.1.6  Manufacturers:  Subject to compliance with requirements, provide products by one of 

the following or approved equal 

 

a. Aquatherm TI Pipe 

b. Insul-Tek Piping Systems, Inc. 

c. Perma-Pipe, Inc. 

d. Rovanco Piping Systems, Inc. 

e. Thermacor Process, L.P. 

f. Tricon Piping Systems, Inc. 

3 EXECUTION 

3.1  EARTHWORK 

3.1.1  See Section 312000 "Earth Moving" for excavating, trenching, and backfilling. 

3.1.2  The pipe embedment materials shall be stable, sufficiently granular to be readily 

worked under the sides of the pipe to provide satisfactory haunching, and readily 

compactable to achieve soil densities specified by contract documents. These qualities 

are available in the following materials: 

3.1.2.1  Gravels and sands classified as Soil Types GW, GP, SW, and SP, or by a dual soil 

classification beginning with one of these symbols, in accordance with Test Method D 

2487. 

3.1.2.2  Sands and gravels classified as Soil Types GM, GC, SM, and SC in accordance with 

Test Method D 2487. 

3.1.3  Initial backfill materials shall be placed in compacted layers or as specified in contract 

documents and local codes. 

3.1.4  All native and other materials in the pipe embedment zone shall be free from refuse, 

organic material, cobbles, boulders, large rocks or stones, or frozen soils. 

3.1.5  The particle size of material in contact with the pipe shall not exceed the following:  

3.1.5.1  1⁄2 in. for pipe to 4 in. 

3.1.5.2  3⁄4 in. for pipes 6 to 8 in.  

3.1.5.3  1 in. for pipes 10 to 16 in. 
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3.1.5.4  1-1⁄2 in. for larger pipes.  

3.1.5.5  Each soil layer shall be sufficiently compacted to uniformly develop lateral passive soil 

forces during the backfill operation. 

3.1.6  The final backfill shall be placed and spread in approximately uniform layers in such a 

manner as to fill the trench completely so that there will be no unfilled spaces under or 

about rocks or lumps of earth in the backfill. Large rocks, stones, frozen clods, and 

other debris greater than 3 in. (76 mm) in diameter shall be removed. Hand mechanical 

compaction is the preferred method of compaction to a minimum of 12” of cover. When 

further compaction is required, rolling equipment or heavy tampers shall only be used to 

consolidate the final backfill, provided the pipe is covered by at least 18-in. of backfill. 

Initial backfill materials shall be placed in compacted layers of 6-in. A minimum of 12 

to 18-in. of cover is required where light traffic is expected. A minimum cover of 24 in. 

shall be provided for locations with heavy traffic. 

3.1.7  Trenches under pavements, sidewalks, or roads shall be backfilled and compacted to the 

required density specified by contract documents or by the appropriate government 

jurisdiction 

3.2  PIPING APPLICATION 

3.2.1  Underground Heating Hot-Water Heating and Chilled Water Piping shall be 

Polypropylene (PP-R), (PP-RCT) ASTM F 2389, pipe and socket fusion, or fusion 

outlet fittings, preinsulated. 

3.3  PIPING INSTALLATION 

3.3.1  Drawing plans, schematics, and diagrams indicate general location and arrangement of 

piping systems.  Indicate piping locations and arrangements if such 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. 

3.3.2  Installers shall be trained and certified to install the pipe per the manufacturer’s 

guidelines. Contact your local Aquatherm representative for training. 

3.3.3  Remove standing water in the bottom of trench. 

3.3.4  Do not backfill piping trench until field quality-control testing has been completed and 

results approved. 

3.3.5  Install piping at uniform grade of 0.2 percent.  Install drains, consisting of a tee fitting, 

NPS 3/4 (DN 20) ball valve, and short NPS 3/4 (DN 20) threaded nipple with cap, at 

low points and elsewhere as required for system drainage.  Install manual air vents at 

high points. 
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3.3.6  In conduits, install drain valves at low points and manual air vents at high points. 

3.3.7  Install components with pressure rating equal to or greater than system operating 

pressure. 

3.3.8  Install piping free of sags and bends. 

3.3.9  Install fittings for changes in direction and branch connections. 

3.3.10 Thrust blocks shall not be required with PP-R or PP-RP (RCT) piping. 

3.3.11  Expansion loops shall not be required for direct buried underground PP-R or PP-

RP(RCT) piping. 

3.4  JOINT CONSTRUCTION 

3.4.1  Ream ends of pipes and tubes and remove burrs.   

3.4.2  Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

3.4.3  Fusion Joints: Fusion join polypropylene pipe in accordance with ASTM D2657, 

ASTM F 2389, and the manufacturer’s instructions. 

3.4.4  Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.   

Join pipe fittings and valves as follows: 

3.4.4.1  Apply appropriate tape or thread compound to external pipe threads unless dry seal 

threading is specified. 

3.4.4.2  Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds. 

3.4.5  Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 

application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt 

threads. 

3.4.6  Insulation joints made for pre-insulated pipe shall be done in accordance with the 

insulation manufacturer’s instructions. 

3.4.7  Data loggers shall be used to log each joint made. Data logger shall record at least the 

date, time of day and person making the joint. Data logger shall also record the required 

pressure/leak test for Warranty.  

3.5 PRESSURE TESTING 

3.5.1  While still accessible all piping shall be pressure/leak tested to the   manufacturer’s 

standards and Division 23 section “Testing, Cleaning, and Sterilization of Piping”.  
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3.6 INSPECTING AND CLEANING 

3.6.1  The pipes shall be flushed with cold water after finishing the installation. Flush the 

system until the water runs clear of debris and dirt.  

3.6.2  Inspect and test piping systems following procedures of authorities having jurisdiction 

and as      specified by the piping system manufacturer. 

3.6.3  Clean and disinfect water distribution piping following procedures of the manufacturer 

and/or the authority having jurisdiction 

3.7  IDENTIFICATION 

3.7.1  Install continuous metallic/plastic underground warning tapes during back filling of 

trenches for underground hydronic piping.  Locate tapes 6 to 8 inches below finished 

grade, directly over piping. Alternatively install 8 – 10 gage copper wire at 6” – 8” 

directly over the pipeline. Provide warning tapes above the wire at 6” to 8” below the 

finished grade directly over the pipeline. See Section 312000 "Earth Moving" for 

warning-tape materials and devices and their installation. 

3.8  FIELD QUALITY CONTROL 

3.8.1  While still accessible all piping shall be pressure/leak tested to the   manufacturer’s 

standards. Tests shall be carried out using water, compressed air or a mixture of the 

two. The test pressure shall be as indicated in the pressure leak testing procedures 

required by the manufacturer.  Any leaks detected shall be repaired at the contractor’s 

expense by removing the leaking part and replacing with new parts welded per the pipe 

manufacturer’s guidelines. See www.aquatherm.com for additional details and forms 

3.8.2  Prepare test and inspection reports. Deliver to Architect, owner and manufacturer to 

obtain product warranty 

3.9  AQUATHERM MAINTENANCE PLAN 

3.9.1  Aquatherm pipe is pretty much “maintenance free” as an installation goes, but there are 

few things that need to be observed after installation of the product. Adhering to these 

points will ensure a long and happy life with Aquatherm pipe. 

3.9.2  The design and installation of the Aquatherm piping was carried out with anticipated 

temperatures and pressures. The piping chosen for the project was chosen based on 

these parameters. If the temperature or pressure of this Aquatherm piping system is 

required to change, please notify Aquatherm Engineering 

(engineering@aquatherm.com or call (801)805-6657) to ensure that the proposed 

changes are within the limits of the installed piping. 
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3.9.3  The design and installation of the Aquatherm piping was carried out with the 

anticipation that certain chemicals would be in the water or chemicals themselves 

would be carried directly by the piping. The piping chosen for the project was chosen 

based on these parameters. If the chemistry of the water or chemical carried by this 

Aquatherm piping system is required to change, please notify Aquatherm Engineering 

(engineering@aquatherm.com or call (801)805-6657) to ensure that the proposed 

changes are within the limits of the installed piping. 

3.9.4  If there are flanged connections or butterfly valve connections in the Aquatherm 

system, please follow the guidelines noted in our technical bulletin 201405B – AQTTB 

– Flanges and Butterfly Installation Guidelines. Please note that flange bolts and nuts 

can loosen over time from expansion and contraction and may need to be periodically 

re-tightened. It is wise to check these connections on a regular basis to ensure that 

loosening has not occurred. 

3.9.5  Aquatherm valves are popular valves to use in Aquatherm systems. The following 

maintenance guidelines need to be observed. 

3.9.5.1 The valve manufacturer recommends that the valve be cleaned periodically depending 

on external conditions. 

3.9.5.2  Clean only with a damp cloth. Do not use chemicals that will corrode the housing or the 

seals. 

3.9.5.3  The valve should be checked for functionality (exercised) at least quarterly. The 

following are suggestions for checking the valve for functionality. 

Verify the direction for turning the valve.  

Verify that the valve is installed correctly. See Aquatherm Technical Bulletin 

No.201609A – AQTTB – Aquatherm Polypropylene Valve Installation Notes 

Close the valve slowly. 

Open the valve slowly 

  Repeat the open/close cycle at least three (3) times 

3.9.5.4  It is recommended that the customer add the Aquatherm piping system and piping 

equipment into their structured Facility Inspection and Equipment Maintenance Plans. 

 

3.10  Owner Training: 

 

3.10.1  Contractor shall provide owner with a complete set of tools to install piping. 

 

3.10.2  Provide training for owner personnel on installation of piping.  Coordinate with owner.  

Training shall consist of one 8 hour session. 

 

 

END OF SECTION 23 21 14 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 21 16 - HYDRONIC SPECIALTIES 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Refer to other Division-23 sections for insulation of hydronic specialties; not work of 

this section. 

 

1.4 Codes and Standards: 

 

1.4.1 ASME Compliance:  Manufacture and install hydronic specialties in accordance with 

ASME B31.9 "Building Services Piping". 

 

1.5 Approval Submittals:   

 

1.5.1 Product Data:  Submit manufacturer's technical product data and installation 

instructions for each type of hydronic specialty.  Include pressure drop curve or chart 

for each type and size of hydronic specialty.  Submit schedule indicating 

manufacturer's figure number, size, location, rated capacities, and features for each 

required hydronic specialty. 

 

 Balancing Cocks 

 Vent Valves 

 Air Separators 

 Diaphragm Type Compression Tanks 

 Shot Feeders 

 Liquid Flow Switches 

 Water Relief Valves 

 Pressure-Reducing Valves 

 Pump Suction Diffusers 

 Flow Control Valves 

 Differential Pressure Relief Valves 

 

1.6 O&M Data Submittals: 
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1.6.1 Maintenance Data: Submit a copy of approval submittals.  Submit maintenance data 

and spare parts lists for liquid flow switches, pressure-reducing valves, pump 

differential relief valves .  Include these data in the O&M manual.  

 

2 PRODUCTS 

 

2.1 General:  Provide factory-fabricated hydronic specialties recommended by 

manufacturer for use in service indicated.  Provide hydronic specialties of types and 

pressure ratings indicated for each service, or if not indicated, provide proper 

selection as determined by Installer to comply with installation requirements.  Provide 

sizes as indicated, and connections, which properly mate with pipe, tube, and 

equipment connections.  Where more than one type is indicated, selection is installer's 

option but more than one type cannot be used on project. 

  

2.2 Vent Valves:    

 

2.2.1 Manual Vent Valves:  Provide ball valves with copper goose-necks for use as manual 

vent valves. 

 

2.2.2 Automatic Vent Valves:  Provide automatic vent valves designed to vent 

automatically with float principle, stainless steel float and mechanisms, brass cast 

iron body, pressure rated for 150 psi, ¾" NPS inlet connection.  Hoffman No. 792.  

Use for central plant equipment. 
 
2.2.3 Automatic Vent Valves:  Provide automatic vent valves designed to vent 

automatically with float principle, stamped brass body, pressure rated for 150 psi, ½" 
NPS inlet connection.  Bell & Gossett No. 87.  Use for all distribution piping. 

 
2.2.4 Acceptable Manufacturers:  Subject to compliance with requirements, provide vent 

valves of one of the following: 
 

Crane 
Bell & Gossett 
Hoffman 
NuTech 
Sarco 
Wheatley  
Taco, Inc. 

 
2.3 Air Separators:  Provide air separators pressure rated for 125 psi. Select capacity 

based on total system gpm. 
 
2.3.1 In-Line Air Separators:  Provide in-line air separators with tangential nozzles and 

stainless steel air collector tube as indicated.  Construct sizes 1½" and smaller of cast 
iron; and sizes 2" and larger of steel complying with ASME Boiler and Pressure 
Vessel Code and stamped with "U" symbol.  Furnish National Board Form U-1 
denoting compliance. 
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2.3.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide air 
separators of one of the following: 

 
Amtrol, Inc. 
Bell & Gossett 
Flo-Fab 
John Wood Co. 
Wheatley 
Taco, Inc. 

 
2.4 Diaphragm-Type Compression Tanks:  Provide diaphragm compression tanks of size 

and number as indicated.  Construct tank of welded steel, constructed, tested, and 
stamped in accordance with Section VIII of ASME Boiler and Pressure Vessel Code 
for a working pressure of 125 psi.  Furnish National Board Form U-1 denoting 
compliance.  Support vertical tanks with steel legs or base; support horizontal tanks 
with steel saddles.  Provide specially compounded flexible diaphragm securely sealed 
into tank to permanently separate air charge from system water, to maintain design 
expansion capacity.  Provide pressure gauge and air-charging fitting, and drain fitting. 

 
2.4.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

diaphragm-type compression tanks of one of the following: 
 

Amtrol, Inc. 
Bell & Gossett 
Flo-Fab 
Taco, Inc. 
Wheatley 

 
2.5 Shot Feeders:  Provide shot feeders of 5 gallon capacity or otherwise as indicated, 

construction of cast iron or steel, for introducing chemicals in hydronic system.  
Provide 3-1/2” screwed on top with o ring seal for loading, drain valve in bottom, and 
recirculating valves on side.  Construct for pressure rating of 125 psi. 

 
2.6 Liquid Flow Switches:  Provide liquid flow switches as indicated to sense flow and 

non-flow.  Construct of brass for all wetted parts, provide packless construction.  
Provide paddle with removable segments for pipe size and flow velocity.  Provide 
vapor proof electrical compartment for switches mounted on cold hydronic piping 
systems.  Coordinate switch electrical requirements with chiller and HVAC control 
requirements.  McDonald & Miller or equal. 

 
2.7 Water Relief Valves:  Provide water relief valves as indicated, of size and capacity as 

selected by Installer for proper relieving capacity, in accordance with ASME Boiler 
and Pressure Vessel Code. 

 
2.7.1 Pressure Relief Valves:  Provide ASME pressure relief valves, bronze or iron body as 

required with test.  The set point shall be at or below the maximum allowable 
working pressure of the most limiting device in the system being protected.  Valves 
shall have enclosed spindles with gland seals to minimize leakage.  Coordinate 
pressure relief setting to protect all equipment. 
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2.7.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide water 
relief valves of one of the following: 

 
Amtrol, Inc. 
Bell & Gossett 
Watts Regulator Co. 

 McDonald & Miller 
 Kunkle  
 Manning, Maxwell & Moore 

Wheatley 
 
2.8 Pressure Reducing Valves:  Provide pressure reducing valves as indicated, of size and 

capacity as selected by Installer to maintain operating pressure on boiler system. 
 
2.8.1 Construction:  Cast iron or brass body, low inlet pressure check valve, inlet strainer 

removable without system shut-down, noncorrosive valve seat and stem, factory set at 
operating pressure. 

 
2.8.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

pressure reducing valves of one of the following: 
 

Amtrol, Inc. 
Bell & Gossett 
Taco, Inc. 
Watts Regulator Co. 
Wheatley 

 
2.9 Pump Suction Diffusers:  Provide pump suction diffusers as indicated. Construct unit 

with angle pattern cast-iron body, threaded for 2" and smaller, flanged for 2½" and 
larger, pressure rated for 175 psi.  Provide inlet vanes with length 2½ times pump 
suction diameter or greater.  Provide cylinder strainer with 3/16" diameter openings 
with total free area equal to or greater than 5 times cross-sectional area of pump 
suction, designed to withstand pressure differential equal to pump shutoff head.  
Provide disposable fine mesh strainer to fit over cylinder strainer.  Provide permanent 
magnet located in flow stream, removable for cleaning.  Provide adjustable foot 
support designed to carry weight of suction piping.  Provide blowdown tapping in 
bottom, gauge tapping in side. 

 
2.9.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide pump 

suction diffusers of one of the following: 
 

Amtrol, Inc. 
Bell & Gossett 
Flo-Fab 

 Taco, Inc. 
Wheatley 

 
3 EXECUTION 
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3.1 General:  Examine areas and conditions under which hydronic specialties are to be 
installed.  Do not proceed with work until satisfactory conditions have been corrected 
in manner acceptable to Installer. 

 
3.2 Vent Valves: 
 
3.2.1 Manual Vent Valves:  Install manual vent valves on each hydronic terminal at highest 

point, and on each hydronic piping drop in direction of flow for mains, branches, and 
runouts, and elsewhere as indicated. 

 
3.2.2 Automatic Vent Valves:  Install automatic vent valves at top of each hydronic riser 

and elsewhere as indicated.  Install shut-off valve between riser and vent valve, pipe 
outlet to suitable plumbing drain, or as indicated. 

 
3.3 Air Separators: 
 
3.3.1 In-Line Air Separators:  Install in-line air separators in pump suction lines.  Connect 

inlet and outlet piping.  Run piping to compression tank with ¼" per foot (2%) 
upward slope towards tank.  Install drain valve on units 2" and over. 

 
3.4 Diaphragm-Type Compression Tanks:  Install diaphragm-type compression tanks on 

floor as indicated, in accordance with manufacturer's instructions.  Vent and purge air 
from hydronic system, charge tank with proper air charge as recommended by 
manufacturer. 

 
3.5 Shot Feeders:  Install shot feeders on each hydronic system at pump discharge and 

elsewhere as indicated.  Install in upright position with top of funnel not more than 
48" above floor.  Install globe valve in pump discharge line between recirculating 
lines.  Pipe drain to nearest plumbing drain or as indicated. 

 
3.6 Liquid Flow Switches:  Install liquid flow switches on inlet to water chiller inlet to 

water condenser  and elsewhere as indicated.  Install in horizontal pipe with switch 
mounted in tee on top of pipe with minimum of 24" of straight pipe with no fittings 
both upstream and downstream of switch.  Remove segments of paddle to fit pipe in 
accordance with manufacturer's instructions. 

 
3.7 Water Relief Valves:  Install where indicated on the drawings.  Pipe discharge to 

drain.  Rigidly support discharge piping and route in the most direct manner possible.  
Turn down relief piping so as not to injure personnel.  Comply with ASME Boiler 
and Pressure Vessel Code. 
 

3.7.1 Pipe discharge from relief valve full size, sloping downward to a floor drain or 
outside the building.  Cut the end of the pipe at a 45º angle and terminate the pipe six 
inches above the floor or grade. 

 
3.8 Pressure Reducing Valves:  Install for each piece of hydronic equipment requiring 

makeup water in accordance with manufacturer's installation instructions. 
 
3.9 Pump Suction Diffusers:  Install pump suction diffusers on each pump suction line in 

lieu of separate strainer, reducing elbow, entrance pipe, and pressure gauge outlet.  
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Install on pump suction inlet, 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 before balancing of hydronic piping system, remove 
disposable fine mesh strainer. 

 
END OF SECTION 23 21 16 
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FLORIDA A&M UNIVERSITY 
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CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 21 23 - HVAC PUMPS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of HVAC pumps work required by this section is indicated on drawings and 

schedules, and by requirements of this section. 

 

1.4 Pumps furnished as part of factory-fabricated equipment, are specified as part of 

equipment assembly in other Division-23 sections. 

 

1.5 Refer to Division-26 sections for the following work; not work of this section. 

 

1.5.1 Power supply wiring from power source to power connection on pumps.  Include 

starters, disconnects, and required electrical devices, except where specified as 

furnished, or factory-installed, by manufacturer. 

 

1.5.2 Interlock wiring between pumps; and between pumps and field-installed control 

devices. 

 

1.6 Codes and Standards:  UL and NEMA Compliance:  Provide electric motors and 

components which are listed and labeled by Underwriters Laboratories and comply 

with NEMA standards. 

 

1.7 Submittals: 

 

1.7.1 Product Data:  Submit manufacturer's pump specifications, installation and start-up 

instructions, and current accurate pump characteristic performance curves with 

selection points clearly indicated. 

 

1.7.2 Shop Drawings:  Submit manufacturer's assembly-type shop drawings indicating 

dimensions, weight loadings, required clearances, and methods of assembly of 

components. 

 

1.7.3 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply 

wiring to HVAC pumps.  Submit manufacturer's ladder-type wiring diagrams for 
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interlock and control wiring.  Clearly differentiate between portions of wiring that are 

factory-installed and portions to be field-installed. 

 

1.7.4 Maintenance Data:  Submit maintenance data and parts lists for each type of pump, 

control, and accessory; including "trouble-shooting" maintenance guide.  Include these 

data, product data, shop drawings, and wiring diagrams in maintenance manual; in 

accordance with requirements of Division 1. 

 

1.8 Manufacturer:  Subject to compliance with requirements, provide pumps of one of the 

following: 

 

 Aurora 

 Bell and Gossett 

 Flo-Fab 

 Taco 

 Patterson 

 

2 PRODUCTS 

 

2.1 General:  Provide factory-tested pumps, thoroughly cleaned, and painted with one coat 

of machinery enamel prior to shipment.  Type, size, and capacity of each pump is 

listed in pump schedule.  Provide pumps of same type by same manufacturer.  Select 

pumps to be non-overloading over full range of curve. 

 

2.2 Close-Coupled End Suction Pumps: 

 

2.2.1 General:  Provide close-coupled end suction pumps where indicated, and of capacities 

and having characteristics as scheduled. 

 

2.2.2 Type:  Horizontal mount, single stage, vertical split case, designed for 175 psi working 

pressure. 

 

2.2.3 Casing:  Cast iron, bronze fitted, 125 psi ANSI flanges, tappings for gauge and drain 

connections. 

 

2.2.4 Shaft:  Steel with replaceable shaft sleeve. 

 

2.2.5 Seal:  Mechanical, with carbon seal ring and ceramic seat. 

 

2.2.6 Motor:  Non-overloading at any point on pump curve, open, drip-proof, with 

regreasable ball bearings, high efficiency as per Division 23, Basic Materials and 

Methods section, "Motors". 

 

2.2.7 Impeller:  Bronze, enclosed type, hydraulically and dynamically balanced, keyed to 

shaft and secured with locking screw. 
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3 EXECUTION 

 

3.1 Examine areas and conditions under which HVAC pumps are to be installed.  Do not 

proceed with work until unsatisfactory conditions have been corrected in manner 

acceptable to Installer. 

 

3.2 Installation of Pumps:  Install HVAC pumps where indicated, in accordance with 

manufacturer's published installation instructions, complying with recognized industry 

practices to ensure that HVAC pumps comply with requirements and serve intended 

purposes. 

 

3.3 Access:  Provide access space around HVAC pumps for service as indicated, but in no 

case less than that recommended by manufacturer. 

 

3.4 Support:  Install pumps on minimum of 4" high concrete inertia base equal or greater 

than 3 times total weight of pump and motor, and anchor bolts poured in place.  Set 

and level pump, grout under pump base with non-shrink grout.  Refer to Division-23 

section "Vibration Isolation" for support and mounting requirements of HVAC pumps. 

 

3.5 Piping Connections:  Refer to Division-23 HVAC piping sections.  Provide piping, 

valves, accessories, gages, supports, and flexible connections as indicated.  Provide 10 

gage black steel drip pan under chilled water pumps with 3/4" drain line to floor drain. 

 

3.6 Alignment:  Check alignment, and where necessary, realign shafts of motors and 

pumps within recommended tolerances by manufacturer with the use of laser 

alignment tools, and in presence of manufacturer's service representative.  Align 

pumps prior to grouting bases.  Provide report confirming alignment. 

 

3.7 Start-Up:  Lubricate pumps before start-up.  Start-up in accordance with 

manufacturer's instructions. 

 

3.8 Refer to Division-23 section "HVAC Test-Adjust-Balance" for pump system 

balancing; not work of this section. 

 

3.9 Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces 

with manufacturer's touch-up paint. 

 

END OF SECTION 23 21 23 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 
 
SECTION 23 31 13 - HVAC METAL DUCTWORK   
 
1 GENERAL 
 
1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 
 
1.2 Division-23 Basic Mechanical Materials and Methods Sections apply to work of this 

section. 
 
1.3 Extent of HVAC metal ductwork is indicated on drawings and in schedules, and by 

requirements of this section. 
 
1.4 Refer to other Division-23 sections for exterior insulation of metal ductwork. 
 
1.5 Refer to other Division-23 sections for ductwork accessories. 
 
1.6 Codes and Standards: 
 
1.6.1 SMACNA Standards:  Comply with SMACNA's "HVAC Duct Construction 

Standards, Metal and Flexible" 1985 Edition for fabrication and installation of metal 
ductwork, unless otherwise noted. 

 
1.6.2 NFPA 90A Compliance:  Comply with NFPA 90A "Standard for the Installation of Air 

Conditioning and Ventilating Systems". 
 
1.6.3 NFPA 96 Compliance:  Comply with NFPA 96 "Standard for Installation of 

Equipment for Removal of Smoke and Grease-Laden Vapors from Commercial 
Cooking Equipment". 

 
1.7 Approval Submittals: 
 
1.7.1 Product Data:  Submit manufacturer's technical product data and installation 

instructions for  the following. 
 
 Factory-fabricated ductwork 
 Sealants 
 Duct liner 
 Adhesive 
 Flexible duct 
 Spin-in fittings 
 Side take-off fittings 
  
1.7.2 Shop Drawings:  Submit scaled layout drawings of HVAC metal ductwork and fittings 

including, but not limited to, duct sizes, locations, elevations, and slopes of horizontal 
runs, wall and floor penetrations, and connections.  Show interface and spatial 
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relationship between ductwork and proximate equipment.  Show modifications of 
indicated requirements, made to conform to local shop practice, and how those 
modifications ensure that free area, materials, and rigidity are not reduced. 

 
2 PRODUCTS   
 
2.1 Ductwork Materials: 
 
2.1.1 Exposed Ductwork Materials:  Where ductwork is indicated to be exposed to view in 

occupied spaces, provide materials which are free from visual imperfections including 
pitting, seam marks, roller marks, stains and discolorations, and other imperfections, 
including those which would impair painting. 

 
2.1.2 Galvanized Sheet Metal:  Except as otherwise indicated, fabricate ductwork from 

galvanized sheet steel complying with ASTM A 527, lockforming quality; with G 90 
zinc coating in accordance with ASTM A 525; and mill phosphatized for exposed 
locations.  Stamp gauge and manufacturer's identification on each sheet.  Break sheets 
so that identification is exposed. 

 
 
2.2 Miscellaneous Ductwork Materials: 
 
2.2.1 General:  Provide miscellaneous materials and products of types and sizes indicated 

and, where not otherwise indicated, provide type and size required to comply with 
ductwork system requirements including proper connection of ductwork and 
equipment. 

 
2.2.2 Duct Liner:  Fibrous glass, 1½ pcf minimum density, complying with Thermal 

Insulation Manufacturers Association (TIMA) AHC-101; of thickness indicated.  
Certainteed "Coated Ultralite", Owens Corning "Aeroflex",  PPG "Textrafine", or 
Manville "Linacoustic". 

 
2.2.3 Duct Liner Adhesive:  Comply with ASTM C 916 "Specifications for Adhesives for 

Duct Thermal Insulation". 
 
2.2.4 Duct Liner Fasteners: Comply with SMACNA HVAC Duct Construction Standards, 

Article S2.11. 
 
2.2.5 Duct Sealant:  Provide non-hardening, non-migrating mastic or liquid elastic sealant, 

type applicable for fabrication/installation detail, as compounded and recommended by 
manufacturer specifically for sealing joints and seams in ductwork. 

 
2.2.6 Ductwork Support Materials:  Except as otherwise indicated, provide hot-dipped 

galvanized steel fasteners, anchors, rods, straps, trim and angles for support of 
ductwork.  For exposed stainless steel ductwork, provide matching stainless steel 
support materials.  

 
2.2.7 Flexible Ducts: Provide flexible ductwork with an R-value of R-6unless the ductwork 

is in a ceiling return plenum.  The use of flexible ductwork for connection of supply air  
including terminal units and return air devices is acceptable only where shown on the 
drawings.   
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2.2.7.1 Construction: Provide reinforced metalized polyester jacket that is tear and puncture 

resistant, air tight inner core with no fiberglass erosion in the air stream and an 
encapsulated wire helix.  Flexible ductwork shall have a recommended operating 
pressure of 6" w.g. for sizes 4" through 12" diameter and 4" w.g. for sizes 14" through 
20" diameter.  All diameters shall be suitable for a negative operating pressure of 0.75" 
w.g.  Flexible ductwork shall meet the requirements of UL-181, the Florida Energy 
Code, Florida Building Code, NFPA 90A and NFPA 90B.  

 
2.2.7.2 Acceptable Manufacturers: Subject to compliance with requirements, provide R-6 

flexible ductwork by: Atco 36, Flexmaster 8M-R6 or Thermaflex M-KE R6.  
 
2.2.8 Spin-in and Side Take-off Fittings: Provide round branch run-outs as follows.  
 
2.2.8.1 Spin in air device connections shall be straight sided spin in with damper and two inch 

high insulation stand-off equal to Crown 3720-DS.  
 
2.2.8.2 Where duct height does not permit the use of spin-in fittings, use low profile side take-

off fittings equal to Crown 3300-DS or Flexmaster STOD-BO.  
 
2.2.9 Fittings:  Provide radius type fittings fabricated of multiple sections with maximum 

15° change of direction per section.  Unless specifically detailed otherwise, use 45° 
laterals and 45° elbows for branch takeoff connections.  Where 90° branches are 
indicated, provide conical type tees. 

 
2.3 Fabrication: 
 
2.3.1 Shop fabricate ductwork in 4, 8, 10 or 12-ft lengths, unless otherwise indicated or 

required to complete runs.  Preassemble work in shop to greatest extent possible, so as 
to minimize field assembly of systems.  Disassemble systems only to extent necessary 
for shipping and handling.  Match-mark sections for reassembly and coordinated 
installation. 

 
2.3.2 Shop fabricate ductwork of gauges and reinforcement complying with SMACNA 

"HVAC Duct Construction Standards", except provide sealant at all joints.  Supply 
duct between AHU discharge and terminal units shall be minimum 4" pressure class.  
Duct downstream of terminal units, supply duct from low pressure air conditioning 
units, and all return and exhaust duct shall be minimum 2" pressure class unless 
otherwise noted. 

 
2.3.3 Fabricate duct fittings to match adjoining ducts, and to comply with duct requirements 

as applicable to fittings.  Except as otherwise indicated, fabricate elbows with center-
line radius equal to 1½ times associated duct width; and fabricate to include turning 
vanes in elbows where shorter radius is necessary.  Limit angular tapers to 30° for 
contracting tapers and 20° for expanding tapers. 

 
2.3.4 Fabricate ductwork with accessories installed during fabrication to the greatest extent 

possible.  Refer to Division-23 section "Ductwork Accessories" for accessory 
requirements. 

 
2.3.5 Fabricate duct plenums with duct liner where indicated.  Laminate liner to internal 
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surfaces of duct (100% coverage) in accordance with instructions by manufacturers of 
lining and adhesive, and fasten with mechanical fasteners  (Grip Nails or Stic Klips) on 
16 centers.  On horizontal runs install top and bottom first and wedge sides between 
top and bottom.  Apply a brush coat of fire retardant over all joints, visible cut edges, 
and leading edges to prevent erosion. 

 
2.4 Factory-Fabricated Low Pressure Ductwork (Maximum 2" W.G.): 
 
2.4.1 Material:  Galvanized sheet steel complying with ASTM A 527, lockforming quality, 

with ASTM A 525, G90 zinc coating, mill phosphatized. 
 
2.4.2 Gauge:  28-gauge minimum for round ducts and fittings, 4" through 8" diameter.  26-

gauge minimum 9" through 14", 24-gauge minimum 15" through 26". 
 
2.4.3 Elbows:  One piece construction for 90° and 45° elbows 14" and smaller.  Provide 

multiple gore construction for larger diameters with standing seam circumferential 
joint. 

 
2.4.4 Divided Flow Fittings:  90° tees, constructed with saddle tap spot welded and bonded 

to duct fitting body. 
 
2.4.5 Acceptable Manufacturers:  Subject to compliance with requirements, provide factory-

fabricated ductwork by Semco Mfg., Inc. or United Sheet Metal Div., United McGill 
Corp, or approved equal. 

 
2.5 Factory-Fabricated High Pressure Ductwork (3" W.G. and Higher): 
 
2.5.1 Round Ductwork:  Construct of galvanized sheet steel complying with ASTM A 527 

by the following methods and in minimum gauges listed. 
 
 Diameter           Minimum Gauge           Method of Manufacture 
 
 3" to 14"    26 Spiral Lockseam 
       15" to 26"    24 Spiral Lockseam 
         27" to 36"    22 Spiral Lockseam 
         37" to 50"    20 Spiral Lockseam 
         51" to 60"    18 Spiral Lockseam 
         Over 60"    16 Longitudinal Seam 
 

Provide locked seams for spiral duct; fusion-welded butt seam for longitudinal seam 
duct. 

 
Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous 
welds along seams. 

 
Diameter               Minimum Gauge 

 
 3" to 36"    20  
 38" to 50"    18 
   Over 50"    16 
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2.5.2 Flat-Oval Ductwork:  Construct of galvanized sheet steel complying with ASTM A 
527, of spiral lockseam construction, in minimum gauges listed. 

 
 Maximum Width       Minimum Gauge 
 
         Under 25"    24 
         25" to 48"    22 
         49" to 70"    20 
         Over 70"    18 
 

Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous 
weld along seams. 

 
 Maximum Width       Minimum Gauge 
 
  Under 37"    20  
 37" to 50"    18 
   Over 50"    16 
 
2.5.3 Internally Insulated Duct and Fittings:  Construct with outer pressure shell, 2" thick 

insulation layer, and perforated inner liner.  Construct shell and liner of galvanized 
sheet steel complying with ASTM A 527, of spiral lockseam construction, use 
longitudinal seam for over 59", in minimum gauges listed. 

 
 Nominal Duct Diameter       Outer Shell         Inner Liner 
         3" to 12"    26 ga. 24 ga. 
         13" to 24"    24 ga. 24 ga. 
         25" to 34"    22 ga. 24 ga. 
         35" to 48"    20 ga. 24 ga. 
         49" to 58"    18 ga. 24 ga. 
         Over 59"    16 ga. 20 ga. 

 
Fittings and Couplings:  Construct of minimum gauges listed.  Provide continuous 
weld along seams of outer shell. 

  
 Nominal Duct Diameter      Outer Shell             Inner Liner 
 
     3" to 34"    20 ga. 20 ga. 
    36" to 48"    18 ga. 20 ga. 
      Over 48"    16 ga. 20 ga. 
 

Inner Liner for Straight Duct:  Perforate with 3/32" holes for 22% open area.  Provide 
metal spacers welded in position to maintain spacing and concentricity.  Provide a 
plastic film between the perforated liner and insulation to act as a vapor barrier. 

 
Inner Liner for Fittings:  Solid sheet metal.  Provide metal spacers welded in position 
to maintain spacing and concentricity. 

 
2.5.4 Optional Ducts and Fittings:  At Installer's option, provided that certified tests by 

Manufacturer show that rigidity and performance is equivalent to SMACNA standard 
gauge ductwork, provide ducts and fittings as follows: 
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Ducts:  Construct of Manufacturer's standard gauge, with spiral lock seam and 
intermediate standing rib. 

 
Fittings:  Construct by fabricating with spot welding and bonding with neoprene-base 
cement in lieu of continuous weld seams. 

 
2.5.5 Acceptable Manufacturers:  Subject to compliance with requirements, provide factory-

fabricated ductwork Semco Mfg., Inc. or United Sheet Metal Div., United McGill 
Corp., or approved equal. 

 
 
3 EXECUTION 
 
3.1 General:  Examine areas and conditions under which HVAC metal ductwork is to be 

installed.  Do not proceed with work until unsatisfactory conditions have been 
corrected in manner acceptable to Installer. 

 
3.2 Installation of Metal Ductwork: 
 
3.2.1 General:  Assemble and install ductwork in accordance with recognized industry 

practices which will achieve air-tight (5% leakage for systems rated 3" and under; 1% 
for systems rated over 3") and noiseless (no objectionable noise) systems, capable of 
performing each indicated service.  Install each run with minimum number of joints.  
Align ductwork accurately at connections, within 1/8" misalignment tolerance and 
with internal surfaces smooth.  Support ducts rigidly with suitable ties, braces, hangers 
and anchors of type which will hold ducts true-to-shape and to prevent buckling.  
Support vertical ducts at every floor. 

 
3.2.2 Supports:  Install concrete inserts for support of ductwork in coordination with 

formwork, as required to avoid delays in work.  Install self-drilling screw anchors in 
prestressed concrete or existing work. 

 
3.2.3 Field Fabrication:  Complete fabrication of work at project as necessary to match shop-

fabricated work and accommodate installation requirements.  Seal joints in round or 
oval ductwork with hard cast or shrink bands, and sheet metal screws, or by welding.  
High velocity rectangular ducts shall have approved joints and be made airtight with 
sealer or welding. 

 
3.2.4 Routing:  Locate ductwork runs, except as otherwise indicated, vertically and 

horizontally. Avoid diagonal runs wherever possible.  Locate runs as indicated by 
diagrams, details and notations or, if not otherwise indicated, run ductwork in shortest 
route which does not obstruct useable space or block access for servicing building and 
its equipment.  Hold ducts close to walls, overhead construction, columns, and other 
structural and permanent enclosure elements of building.  Limit clearance to ½" where 
furring is shown for enclosure or concealment of ducts, but allow for insulation 
thickness, if any.  Where possible, locate insulated ductwork for 1" clearance outside 
of insulation.  In finished and occupied spaces, conceal ductwork from view by 
locating in mechanical shafts, hollow wall construction or above suspended ceilings, 
unless specifically noted as "Exposed".  Do not encase horizontal runs in solid 
partitions, except as specifically shown.  Coordinate layout with suspended ceiling and 
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lighting layouts and similar finished work. 
 

3.2.5  Internally Lined Ductwork:  Cover leading and trailing edge of duct liner with sheet 
metal nosing zee. 

 
3.2.6 Electrical Equipment Spaces:  Do not route ductwork through transformer vaults or 

other electrical equipment spaces and enclosures. 
 
3.2.7 Penetrations:  Where ducts pass through interior partitions and exterior walls, and are 

exposed to view, conceal space between construction opening and duct or duct 
insulation with sheet metal flanges of same gauge as duct.  Overlap opening on 4 sides 
by at least 1½".  Fasten to duct and substrate.  Where ducts pass through fire-rated 
floors, walls, or partitions, provide firestopping between duct and substrate. 

 
3.2.8 Coordination:  Coordinate duct installations with installation of accessories, dampers, 

coil frames, equipment, controls and other associated work of ductwork system. 
 
3.2.9 Installation:  Install metal ductwork in accordance with SMACNA HVAC Duct 

Construction Standards.  Fan discharge outlet ducts shall be installed correctly with 
regard to "system effect" per AMCA Publication 201. 

 
3.3 Installation of Flexible Ducts: 
 
3.3.1 Maximum Length:  For any duct run using flexible ductwork, do not exceed 5'-0" 

extended length.  Flexible duct shall only be allowed as detailed on the drawings.   
 
3.3.2 Installation:  Install in accordance with Section III of SMACNA's "HVAC Duct 

Construction Standards, Metal and Flexible".   Support flexible ducts to eliminate 
pinching and kinking which would restrict flow. 

 
3.3.3 Downstream of VAV Boxes: Peel back insulation and slide the inner core over the 

spin-in or diffuser neck, seal with duct sealant and install Panduit strap tightly.  Slide 
insulation back over the inner core and install another Panduit strap over the insulation 
outer jacket.  Tape is not acceptable.  

 
3.3.4 Upstream of VAV Boxes: Install same as downstream, except use stainless steel 

worm-gear clamps instead of Panduit straps.  
 
3.3.5 Seal all exposed edges of fiberglass insulation with glassfab and mastic.   
 
 
3.4 Leakage Tests:  After each duct system is completed, test for duct leakage in 

accordance with Sections 3 and 5 of the SMACNA HVAC Air Duct Leakage Test 
Manual.  Test pressure shall be equal to pressure class of duct, less 0.5" static pressure.  
Repair leaks and repeat tests until total leakage is less than 5% of system design air 
flow for low pressure systems and less than 1% for systems rated over 3". 

 
3.5 Equipment Connections:  Connect metal ductwork to equipment as indicated, provide 

flexible connection for each ductwork connection to equipment mounted on vibration 
isolators, and/or equipment containing rotating machinery.  Provide access doors as 
indicated. 
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3.6 Clean ductwork internally free of dust and debris.  Clean external surfaces of foreign 

substances which might cause corrosive deterioration of metal or, where ductwork is to 
be painted, might interfere with painting or cause paint deterioration.  Keep ducts 
closed with poly during construction to prevent contamination by construction dust and 
debris. 
 

END OF SECTION 23 31 13 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 33 00 - DUCTWORK ACCESSORIES 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of ductwork accessories work is indicated on drawings and in schedules, and by 

requirements of this section. 

 

1.4 Refer to other Division-23 sections for testing, adjusting, and balancing of ductwork 

accessories; not work of this section. 

 

1.5 Codes and Standards: 

 

1.5.1 SMACNA Compliance:  Comply with applicable portions of both SMACNA "HVAC 

Duct Construction Standards, Metal and Flexible" and "Fire, Smoke and Radiation 

Damper Installation Guide for HVAC Systems". 

 

1.5.2 UL Compliance:  Construct, test, and label fire dampers in accordance with UL 

Standard 555 "Fire Dampers and Ceiling Dampers".  Construct, test and label smoke 

dampers in accordance with UL Standard 555S "Leakage Rated Dampers for use in 

Smoke Control Systems" . 

 

1.5.3 NFPA Compliance:  Comply with applicable provisions of NFPA 90A "Air 

Conditioning and Ventilating Systems" pertaining to installation of ductwork 

accessories. 

 

1.6 Approval Submittals: 

 

 

1.6.1 Product Data:  Submit manufacturer's technical product data for each type of ductwork 

accessory, including dimensions, capacities, and materials of construction; and 

installation instructions as follows: 

 

 Low pressure manual dampers 

 Control dampers 

 Fire dampers 
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 Smoke dampers 

 Duct access doors 

 Flexible connections 

 

1.6.2 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists 

for fire dampers, smoke dampers.  Include this data, product data, and a copy of 

approval submittals in O&M manual. 

 

2 PRODUCTS 

 

2.1 Dampers:                                                                  

        

2.1.1 Low Pressure Manual Dampers:  Provide 16 gauge dampers of single-blade type (12" 

maximum blade width) or multiblade type.  Damper blades to be gang-operated from a 

single shaft with nylon or ball bearings on each end.  Provide indexed locking 

quadrant.  Parallel or opposed blade style is acceptable.  Provide 2" standoff on locking 

quadrant for externally insulated duct. 

 

2.1.2  Control Dampers:  Extruded aluminum (6063-T5) damper frame shall not be less than 

0.080” in thickness. Damper frame shall be 4” deep x 1", with duct mounting flanges 

on both sides of frame. Damper frame shall have a 2" mounting flange on the rear of 

the damper when installed as Extended Rear Flange install type. Aluminum frame 

shall be clear anodized to a minimum thickness of 0.7 mil deep. Frame shall be 

assembled using stainless steel screws. Welded frames shall not be acceptable.  

Actuators (motors) are provided by control contractor. 

 

2.1.2.1  Blades shall be maximum 6.4” deep extruded aluminum (6063-T5) air-foil profiles 

with a minimum wall thickness of 0.06”, clear anodized to a minimum thickness of 0.7 

mil deep. 

 

2.1.2.2  Blade seals shall be extruded silicone, secured in an integral slot within the aluminum 

blade extrusions and shall be mechanically fastened to prevent shrinkage and 

movement over the life of the damper. Adhesive or clip-on type blade seals will not be 

approved. 

 

2.1.2.3 Hexagonal control shaft shall be 7/16". It shall have an adjustable length and shall be an 

integral part of the blade axle. A field-applied control shaft shall not be acceptable. All 

parts shall be stainless steel. 

 

2.1.2.4 Linkage hardware shall be aluminum and stainless steel, installed in the frame side, 

out of the airstream, and accessible after installation. Linkage hardware shall be 

complete with stainless steel cup-point trunnion screws to prevent linkage slippage. 

Linkage that consists of metal rubbing metal will not be approved. 

 

2.1.2.5  Dampers shall be designed for operation in temperatures ranging from -40°F to 212°F. 
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2.1.2.6  Dampers shall be AMCA rated for Leakage Class 1A at 1 in w.g. static pressure 

differential. Standard air leakage data to be certified under the AMCA Certified 

Ratings Program. 

 

2.1.2.7  Dampers shall be custom made to required size, with blade stops not exceeding 1¼” in 

height.  

 

2.1.2.8  Dampers shall be opposed blade for modulating dampers or parallel blade action for 

open/shut dampers. 

 

2.1.2.9  Dampers shall be installed in the following manner: Installed in Duct  

 

2.1.2.10  Installation of dampers must be in accordance with manufacturer’s current installation 

guidelines, provided with each damper shipment.  

 

2.1.2.11  Field supplied intermediate structural support is required to resist applied pressure 

loads for dampers that consist of two or more sections in both height and width.  

 

2.1.2.12  Acceptable Manufacturers:  Subject to compliance with requirements, provide control 

dampers by TAMCO (T.A. Morrison & Co, Inc), Ruskin TED50CD, Greenheck 

VCD33, or approved equal. 

 

2.1.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide dampers 

by Air Balance, American Warming & Ventilating, Arrow Louver and Damper, Penn 

Ventilator Co., or Ruskin Mfg.  Co. 

 

2.2 Fire and Smoke Dampers: 

 

2.2.1 Fire Dampers:  Provide curtain type fire dampers, UL classified and labeled per UL 

555, of types and sizes indicated.  Construct casings and blades of galvanized steel.  

Damper shall not restrict duct free area when open.  Dampers shall be rated for 

dynamic closure under flow and pressure.  Provide sleeves and mounting angles.  

Provide fusible link rated at 160 to 165° F unless otherwise indicated.  Provide damper 

with positive lock in closed position.  All dampers shall be spring activated.  Basis of 

design: 

 

1-1/2 HR:  Ruskin IBD2 - Style B for rectangular, Style CR for round, Style CO for 

oval. 

 

 1-1/2 HR:  Ruskin IBDT for transfer grilles in narrow partitions. 

 

3 HR:  Ruskin IBD23 - Style B for rectangular, Style CR for round, Style CO for oval. 

 

2.2.2 Smoke Dampers:  Provide motorized smoke dampers, UL classified under UL-555S, 

of types and sizes indicated.  Construct frame and blades of galvanized steel.  Provide 

sleeves.  Provide damper assembly complete with electric  operator that will fail safe if 
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fire interrupts operational power. Provide for remote testing or resetting capability 

after response to smoke detector operation.  Entire assembly shall be rated at least 

leakage class II (10 CFM/sq. ft. at 1" w.g. at 250ºF).  Basis of design: 

 

 Systems to 1,500 FPM duct velocity or 2.5" w.g.: Class II Ruskin SD36. 

 

 Systems over 1,500 FPM duct velocity or 2.5" w.g.: Class I, airfoil blades, Ruskin 

SD60. 

 

2.2.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide fire and 

smoke dampers by Air Balance, Inc., American Warning & Ventilating, Arrow Louver 

and Damper, Penn Ventilator Co., or Ruskin Mfg. Co. 

 

2.3 Turning Vanes:  Provide manufactured or fabricated single wall turning vanes and 

vane runners, constructed in accordance with SMACNA "HVAC Duct Construction 

Standards". 

 

2.4 Duct Access Doors: 

 

2.4.1 General:  Provide duct access doors of size indicated, or as required for duty indicated. 

 

2.4.2 Construction:  Construct of same or greater gauge as ductwork served.  Provide 

insulated doors for insulated ductwork.  Provide flush frames for uninsulated 

ductwork, extended frames for externally insulated duct.  Provide one side hinged, 

other side with one handle-type latch for doors 12" high and smaller, 2 handle-type 

latches for larger doors. 

 

2.4.3 Acceptable Manufacturers:  Subject to compliance with requirements, provide access 

doors by Air Balance, Inc., Duro Dyne Corp., Ruskin Mfg. Co., or Ventfabrics, Inc. 

 

2.5 Flexible Connections: 

 

2.5.1 General:  Provide flexible duct connections wherever ductwork connects to vibration 

isolated equipment.  Construct flexible connections of neoprene-coated flameproof 

fabric crimped into duct flanges for attachment to duct and equipment.  Make airtight 

joint.  Provide adequate joint flexibility to allow for thermal, axial, transverse, and 

torsional movement, and also capable of absorbing vibrations of connected equipment. 

 

2.5.2 Acceptable Manufacturers: Subject to compliance with requirments, provide products 

by one of the following:  Duro Dyne Corp., Flexaust (The) Co., or Ventfabrics, Inc. 

 

3 EXECUTION 

 

3.1 Examine areas and conditions under which ductwork accessories will be installed.  Do 

not proceed with work until unsatisfactory conditions have been corrected in manner 

acceptable to Installer. 
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3.2 Installation of Ductwork Accessories: 

 

3.2.1 Install ductwork accessories in accordance with manufacturer's installation 

instructions, with applicable portions of details of construction as shown in SMACNA 

standards, and in accordance with recognized industry practices to ensure that products 

serve intended function. 

 

3.2.2 Install balancing dampers at all main ducts adjacent to units in return air, outside air 

and where indicated. 

 

3.2.3 Install control dampers in the outside air duct and return air duct for each air handler.  

Damper operator provided by control contractor. 

 

3.2.4 Install turning vanes in square or rectangular 90º elbows in supply, return, and exhaust 

air systems, and elsewhere as indicated. 

 

3.2.5 Install access doors to open against system air pressure, with latches operable from 

either side, except outside only where duct is too small for person to enter.  Install on 

entering air side of reheat coils.  Install at fire dampers and smoke dampers, and 

adjacent to all control dampers, airflow measuring stations, and smoke detectors.  

Opening size shall be per NFPA 90A for servicing fire and smoke dampers.  Provide 

label with 1-1/2" letters to indicate location of fire protection devices—FIRE 

DAMPER ACCESS or SMOKE DAMPER ACCESS. 

 

3.2.6 Install flexible connections in ductwork such that the clear length of the connector is 

approximately two inches.  Provide thrust restraints as required.  Flexible material 

shall not be so slack as to take a definite concave or convex shape during fan 

operation. 

 

3.2.7 Coordinate with other work, including ductwork, as necessary to interface installation 

of ductwork accessories properly with other work. 

 

3.2.8 Install fire dampers within fire walls and floors at locations shown on the mechanical 

drawings.  Install in strict accordance with the manufacturer's printed instructions, 

NFPA 90A, and UL  

 

3.2.9 Install smoke dampers at locations shown on the mechanical drawings.  Install in strict 

accordance with the manufacturer's printed instructions, NFPA 90A, and UL 555S.  

Basis of design installation is detailed on the drawings. 

 

3.3 Fire and Smoke Dampers:  Notify Engineer at least 24 hours in advance of ceiling 

installation or chase closure so that complete fire and smoke damper installation can be 

observed.  A copy of the manufacturer’s printed installation instructions shall be 

available at the site. 
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3.4 Operate installed ductwork accessories to demonstrate compliance with requirements.  

Test for air leakage while system is operating.  Repair or replace faulty accessories as 

required to obtain proper operation and leakproof performance. 

 

3.5 Adjusting and Cleaning: 

 

3.5.1 Adjusting:  Adjust ductwork accessories for proper settings.  Install fusible links in fire 

dampers and adjust for proper action. 

 

3.5.2 Final positioning of manual dampers is specified in Division-23 section "Testing, 

Adjusting, and Balancing".  However, the system shall be left functional with all 

dampers open or throttled. 

 

3.5.3 Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces 

with manufacturer's touch-up paint. 

 

3.5.4 Furnish extra fusible links to Owner, one link for every 10 installed of each 

temperature range; obtain receipt. 

 

END OF SECTION 23 33 00 
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SECTION 23 34 00 - FANS   

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of fan work required by this section as indicated on drawings and schedules, 

and by requirements of this section. 

 

1.4 Coordination: 

 

 

1.4.1 Refer to Division-23 section "Testing, Adjusting, and Balancing" for balancing of fans. 

 

1.4.2 Refer to Division-23 HVAC control systems sections for control work required in 

conjunction with fans. 

 

1.4.3 Refer to Division-26 sections for power supply wiring from power source to power 

connection on fans.  Division-26 work will include starters, disconnects, and required 

electrical devices, except where specified as furnished, or factory-installed, by 

manufacturer. 

 

1.5 Codes and Standards: 

 

1.5.1 AMCA Compliance:  Provide fans which have been tested and rated in accordance 

with AMCA standards, and bear AMCA Certified Ratings Seal. 

 

1.5.2 UL Compliance:  Provide fans which are listed by UL and have UL label affixed. 

 

1.6 Approval Submittals: 

 

1.6.1 Product Data:  Submit manufacturer's technical data for fans, including specifications, 

capacity ratings, dimensions, weights, materials, accessories furnished, and installation 

instructions.  Submit assembly-type drawings showing unit dimensions, construction 

details, methods of assembly of components, and field connection details.   

 

 Fans 
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 Vibration Control 

 

1.7 O&M Data Submittals:  Submit maintenance data and parts list for each type of fan, 

accessory, and control.  Include these data, a copy of approved submittals, and wiring 

diagrams in O&M Manual. 

 

2 PRODUCTS 

 

2.1 General:  Except as otherwise indicated, provide standard prefabricated fans of type 

and size indicated, modified as necessary to comply with requirements, and as required 

for complete installation.  Provide accessories as listed in the schedule on the drawings 

and as described herein.  Motors shall be high efficiency per Division-23 section 

"Motors". 

 

2.2 Acceptable Manufacturers:  Subject to compliance with requirements provide fans 

manufactured by Acme, Greenheck, Loren Cook, Penn or approved equal unless 

otherwise noted herein. 

 

2.3  In-Line Centrifugal Fans: 

 

2.3.1 Housing:  Provide square weather tight housing constructed of aluminum or steel and 

painted inside and out with an epoxy finish. Provide venturi type inlet.  Provide heavy 

duty duct collars.  Housing and bearing supports shall be constructed of heavy gauge 

bolted and welded steel construction.  Provide two sided access panels, located 

perpendicular to the motor mounting plane.  Provide ½” insulated housing.  Provide 

motor and drive cover for belt drive units. 

 

2.3.2 Fan Wheels:  Provide aluminum air foil type, backward curved, statically and 

dynamically balanced. 

 

2.3.3 Drive:  Provide direct or belt drive as scheduled with pre-lubricated, ball bearing, 

continuous duty type motors.  Provide vibration isolation equipment for the entire 

drive. 

 

2.3.4 Isolation and Support:  Provide spring type vibration isolators and fan support 

brackets. 

 

2.4  Centrifugal Ceiling Exhausters: 

 

2.4.1 Fan Assembly:  Provide steel housing, plastic or aluminum grille, backdraft damper, 

statically and dynamically balanced fan wheel, permanently lubricated motor with 

internal thermal overloads, vibration isolation and all required mounting hardware and 

brackets.  Provide acoustically treated housing for all fans larger than 60 cfm.  

Mounting type shall be as indicated on the drawings or on the schedule. 

 

2.4.2 Connectors:  Provide adaptors, connectors, and eave elbows as required to connect fan 
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discharges to outlets. 

 
 
2.5 Vibration Isolation:  Mount fans on vibration isolators in accordance with the 

requirements of Division-23 section "Vibration Isolation" and the following list. 
 
2.5.1 Hangers:  Type HA3. 
 
3 EXECUTION 
 
3.1 General:  Except as otherwise indicated or specified, install fans in accordance with 

manufacturer's installation instructions and recognized industry practices to insure that 
fans serve their intended function. 

 
3.2 Coordinate fan work with work of roofing, walls, and ceilings as necessary for proper 

interfacing.  Framing of openings, caulking, and curb installation is not work of this 
section. 

 
3.3 Ductwork:  Refer to Division-23 section "Ductwork".  Connect ducts to fans in 

accordance with manufacturer's installation instructions.  Provide flexible connections 
in ductwork at fans. 

 
3.4 Install fans on vibration isolation equipment as required.  Set level and plumb. 
 
3.5 Electrical Wiring:  Install electrical devices furnished by manufacturer but not 

specified to be factory-mounted.  Furnish copy of manufacturer's wiring diagram 
submittal to electrical Installer.  Verify that electrical wiring installation is in 
accordance with manufacturer's submittal and installation requirements of Division-26 
sections.  Verify proper rotation direction of fan wheels.  Do not proceed with 
equipment start-up until wiring installation is acceptable to equipment installer. 

 
3.6 Remove shipping bolts and temporary supports within fans.  Adjust dampers for free 

operation. 
 
3.7 Testing:  After installation of fans has been completed, test each fan to demonstrate 

proper operation of units at performance requirements specified.  When possible, field 
correct malfunctioning units, then retest to demonstrate compliance.  Replace units 
which cannot be satisfactorily corrected. 

 
3.8 Cleaning:  Clean factory-finished surfaces.  Remove all tar and soil. Repair any marred 

or scratched surfaces with manufacturer's touch-up paint. 
 

END OF SECTION 23 34 00 
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SECTION 23 36 16 – VARIABLE AIR VOLUME TERMINAL UNITS 

 

1 GENERAL 

        

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

          

1.3 Extent of air terminals work required by this section is indicated on drawings and 

schedules, and by requirements of this section. 

 

1.4 Refer to other Division-23 sections for external insulation of air terminals; not work of 

this section. 

 

1.5 Refer to other Division-23 sections for testing, adjusting and balancing of air 

terminals; not work of this section. 

 

1.6 Refer to other Division-23 sections for temperature controls which are to be furnished 

by others but installed as work of this section. 

 

1.7 Refer to Division-26 sections for the following work; not work of this section.  Power 

supply wiring from power source to power connection on air terminals.  Include 

starters, disconnects, and required electrical devices, except where specified as 

furnished, or factory-installed, by manufacturer. 

 

1.8 Codes and Standards: 

 

1.8.1 ADC Compliance:  Provide air terminals which have been tested and rated in 

accordance with ADC standards. 

 

1.8.2 NFPA Compliance:  Construct air terminals using acoustical and thermal insulations 

complying with NFPA 90A "Air Conditioning and Ventilating Systems". 

 

1.9 Approval Submittals: 

 

1.9.1 Product Data:  Submit manufacturer's technical product data, including performance 

data for each size and type of air terminal furnished; schedule showing drawing 

designation, room location, number furnished, model number, size, and accessories 

furnished; and installation and start-up instructions.  Submit manufacturer's assembly-
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type drawings indicating dimensions, weight loadings, required clearances, and 

methods of assembly of components. 

 

Shutoff single duct VAV boxes 

 

1.10 O&M Data Submittals: 

 

1.10.1 Wiring Diagrams:  Submit ladder-type wiring diagrams for electric power and control 

components, clearly indicating required field electrical connections.  Include in O&M 

manual. 

 

1.10.2 Maintenance Data:  Submit maintenance data and parts list for each type of air 

terminal; including "trouble-shooting" maintenance guide.  Include this data and a 

copy of approval submittals in O&M manual. 

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide air 

terminals of one of the following (unless otherwise noted):  Trane, Titus, Enviro-Tec, 

Price, or approved equal. 

 

2.2 General:  Provide factory-fabricated and tested air terminals as indicated, selected with 

performance characteristics which match or exceed those indicated on schedule. 

 

2.3 Shutoff Single Duct:  Provide pressure independent single duct, shut-off variable 

volume terminal units with the following characteristics, features and accessories and 

as indicated on drawings and schedule. 

 

2.3.1 Casings:  The unit casing shall be minimum 22 gauge galvanized steel, internally lined 

with engineered polymer foam insulation which complies with UL 181 and NFPA 

90A.  Insulation shall be 1.5 pound density, closed cell foam.  Exposed fiberglass is 

not acceptable.  The insulation shall be mechanically fastened to the unit casing.  All 

exposed insulation edges shall be coated with NFPA 90A approved sealant to prevent 

erosion.  Provide air valve access panel in the casing  Casing and panel shall be sealed 

to hold leakage to 2% of rated airflow at 3.0" w.g.   

 

2.3.2 Air Dampers:  Damper shall be heavy gauge metal, with shaft rotating in self-

lubricating nylon or equal bearings.  Shaft shall be marked on the end to indicate the 

damper blade position.  Unit shall be designed for field conversion from normally open 

to normally closed, or vice versa, without relocating the actuator, changing parts or 

adding relays.  The damper shall seal against a closed-cell foam gasket, to limit close-

off leakage to 10 cfm at 4.0" w.g.  The damper shall not unseat at 6.0"  w.g. 

 

2.3.3 Provide hanger brackets for attachment of supports.  

 

2.3.4 Access:  Provide removable panels in casings to permit access to air dampers and other 
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parts requiring service, adjustment, or maintenance. 

 

2.3.5 Controls:  Units shall have pressure independent DDC controls provided by the DDC 

contractor.   

 

The unit inlet shall be equipped with a flow sensor with amplifying pressure pickup 

points connected to central averaging chambers.  The sensor shall maintain control 

accuracy with the same size inlet duct in any configuration.  The flow sensor shall 

have a minimum of three sensor points. 

 

The terminal unit manufacturer shall supply a metal enclosure with access panel sealed 

from air flow and mounted on the side of the terminal unit to house field mounted 

digital controls.  The terminal unit manufacturer shall provide a 24V controls 

transformer at electrical indicated on schedule.     

 

The DDC contractor shall provide an actuator.  The damper shall move in a smooth, 

steady progression without dead spots.  Refer to controls drawings for sequence of 

operations. 

 

 

2.3.6  Electric Reheat Coils:  Provide factory mounted coil with manual reset thermal 

cutouts.  Coil voltage and stages are noted on the drawings. 

 

2.3.7  Noise Ratings:  Provide terminals with the NC performance data scheduled. 

 

3 EXECUTION 

 

3.1 Examine areas and conditions under which air terminals are to be installed.  Do not 

proceed with work until unsatisfactory conditions have been corrected in manner 

acceptable to Installer. 

 

3.2 General:  Install air terminals as indicated, and in accordance with manufacturer's 

installation instructions. 

 

3.3 Location:  Install each unit level and accurately in position indicated in relation to 

other work; and maintain sufficient clearance for normal service and maintenance, but 

in no case less than that recommended by manufacturer. 

 

3.4 Duct Connections:  Connect ductwork to air terminals in accordance with Division-23 

ductwork sections. 

 

3.5 Upon completion of installation and prior to initial operation, test and demonstrate that 

air terminals, and duct connections to air terminals, are leak-tight. 

 

3.6 Repair or replace air terminals and duct connections as required to eliminate leaks, and 

retest to demonstrate compliance.  Leave operational and ready for Testing and 
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balancing work. 

 

3.7 Clean exposed factory-finished surfaces.  Repair any marred or scratched surfaces with 

manufacturers touch-up paint. 

 

END OF SECTION 23 36 16 
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SECTION 23 37 13 - GRILLES, REGISTERS AND CEILING DIFFUSERS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of air outlets and inlets work is indicated by drawings and schedules, and by 

requirements of this section. 

 

1.4 Refer to other Division-23 sections for ductwork and duct accessories required in 

conjunction with air outlets and inlets and for balancing of air outlets and inlets; not 

work of this section. 

 

1.5 Codes and Standards: 

 

1.5.1 ADC Compliance:  Test and rate air outlets and inlets in certified laboratories under 

requirements of ADC 1062 "Certification, Rating and Test Manual".  Provide air 

outlets and inlets bearing ADC Certified Rating Seal. 

 

1.5.2 NFPA Compliance:  Install air outlets and inlets in accordance with NFPA 90A 

"Standard for the Installation of Air Conditioning and Ventilating Systems". 

 

1.6 Approval Submittals: 

 

1.6.1 Product Data:  Submit manufacturer's technical product data for air outlets and inlets 

indicating construction, finish, and mounting details. 

 

1.6.2 Performance Data:  For each type of air outlet and inlet furnished, provide aspiration 

ability, temperature and velocity traverses, throw and drop, and noise criteria ratings.  

Indicate selections and data as required. 

 

1.7 O&M Data Submittals:  Submit cleaning instructions for finishes and spare parts lists.  

Include this data and a copy of approval submittals in O&M manual. 

 

2 PRODUCTS 

 

2.1 General: 
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2.1.1 Except as otherwise indicated, provide manufacturer's standard grilles, registers, and 

ceiling diffusers where shown; of size, shape, capacity and type indicated; constructed 

of materials and components as indicated, and as required for complete installation. 

 

2.1.2 Manufacturers not listed in the following specification will not be considered for 

approval unless accepted by addendum prior to bid.  

 

2.1.3 Performance:  Provide grilles, registers and ceiling diffusers that have, as minimum, 

temperature and velocity traverses, throw and drop, and noise criteria ratings for each 

size device equal to the basis of design.     

 

2.1.4 Ceiling and Wall Compatibility:  Provide grilles, registers and diffusers with border 

styles that are compatible with adjacent wall and ceiling systems, and that are 

specifically manufactured to fit into ceiling module or wall with accurate fit and 

adequate support.  Refer to general construction drawings and specifications for types 

of ceiling systems and walls which will contain each type of ceiling diffuser, grille, or 

register. 

 

2.1.5 Appearance:  All grilles and registers shall be aluminum construction and all diffusers 

shall be steel or aluminum construction, unless otherwise noted, with uniform 

matching appearance for each type of outlet.  Ceiling mounted grilles and registers 

shall be set to be sight tight from the predominant exposure. 

 

2.1.6 Finish:  All ceiling mounted grilles, registers, and diffusers shall be finished with 

manufacturer’s standard color to be selected by the architect.  Wall and door mounted 

grilles and registers shall be finished with clear anodized finish . 

 

2.2 Acceptable Manufacturers:  Subject to compliance with requirements, provide 

products by Titus, Price, Krueger, or Metal Aire. 

 

2.3 Rectangular Ceiling Diffusers: Provide rectangular face, adjustable diffuser with 

removable inner core, no corner joints.  If square or rectangular neck is provided, 

provide square to round adaptor as required.  Provide lay-in panel as required.  Provide 

beveled trim ring for diffusers in hard ceilings.  

 

2.4  Square Ceiling Diffusers:  Provide square face, adjustable, 360 degree pattern diffusers 

with one-piece stamped cones, no corner joints, round necks.  Provide lay-in panel as 

required.   

 

2.5  Perforated Ceiling Diffusers:  Provide steel flush square face diffusers with square 

adjustable modular cores. 

 

2.6 Return Grilles :  Provide return grilles  with one set of 45 degree fixed louvers, parallel 

to the long dimension.  Provide mounting frame for all wall and plaster ceiling 

installations.   
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2.7 Sidewall Supply Registers: Provide supply registers with two sets of individually 

adjustable airfoil registers, spaced at 3/4", with the front set parallel to the long 

dimension.    Provide opposed blade damper, screwdriver operated from the face.  

Provide mounting frame.   

 

3 EXECUTION 

 

3.1 Coordinate installation with ceiling and light fixture installation. Locate ceiling outlets 

as indicated on architectural Reflected Ceiling Plans.  Unless otherwise indicated, 

locate ceiling outlets in the center of acoustical ceiling modules with sides parallel to 

the grid. 

 

3.2 Install air outlets and inlets in accordance with manufacturer's written instructions and 

in accordance with recognized industry practices to insure that products serve intended 

functions. 

 

3.3 Coordinate with other work, including ductwork and duct accessories, as necessary to 

interface installation of air outlets and inlets with other work. 

 

3.4 Set air volumes to values shown on the drawings so that the system is functional.  

Leave ready for test and balance contractor. 

 

3.5 Furnish to Owner three operating keys for each type of outlet and inlet that require 

them; obtain receipt. 

  

END OF SECTION 23 37 13 
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SECTION 23 37 26 - WALL LOUVERS 

 

1.1 Extent of wall louver work is indicated by drawings and schedules, and by the 

requirements of this section. 

 

1.2 Refer to other Division-15 sections for ductwork, duct accessories and controls work. 

 

1.3 AMCA Compliance:  Test and rate louvers in accordance with AMCA Standard 500.  

Provide AMCA certified rating seal.  Ratings based on tests and procedures performed 

in accordance with AMCA 500-L and complying with the AMCA 511 Certified 

Ratings Program.  AMCA Certified Ratings Seal applies to air performance, water 

penetration and wind driven rain ratings. 

 

1.4  Product Qualifications: 

 

1. Miami-Dade County, Florida Notice Of Acceptance (NOA). 

2. Florida Building Code Approval. 

3. Louver shall be certified to Florida Building Code Testing Application 

Standards TAS 100(A) (Wind Driven Rain Resistance), TAS 201 (Large 

Missile Impact), TAS 202 (Uniform Static Air Pressure) and TAS 203 (Cyclic 

Wind Loading). 

4. AMCA Listed for compliance to AMCA 540 Level E and AMCA 550 

standards. 

 

1.5 Approval Submittals: 

 

1.5.1 Product data:  Submit manufacturer's technical product data for louvers including:  

model number, accessories furnished, construction, finish, mounting details, 

performance data. 

 

1.6 O&M Data Submittals:  Submit maintenance data, including cleaning of finishes and a 

copy of approval submittals.  Include in O&M manual. 

     

2 PRODUCTS                                     

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, submit products 

by Ruskin, Greenheck, Arrow, American Warming and Ventilating, or AMCA labeled 

approved equal. 

 

2.2 General:  Except as otherwise indicated, provide manufacturer's standard louvers 

where shown; of size, shape, capacity and type indicated; constructed of materials and 
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components as indicated, and as required for complete installation.  Provide Kynar 500 

coated, corrosion resistant finish and 5 year warranty; color to be selected by the 

Owner. 

 

2.3 Substrate Compatibility:  Provide Florida Product approved louvers with 3 inch frame 

with flange and sill extension piece that are compatible with adjacent substrate, and 

that are specifically manufactured to fit into construction openings with accurate fit 

and adequate support, for weatherproof installation.  Refer to general construction 

drawings and specifications for types of substrate which will contain each type of 

louver. 

 

2.4 Materials:   

 

2.4.1 Florida Product Approved Louvers: Construct of aluminum extrusions, Alloy 6063-T6 

0.073” thick for frame and 0.040” thick for blades.  Blades are mounted vertically and 

spaced ¾” center to center.  Weld units or use stainless steel fasteners.   

 

2.5  Sill Flashing:  Formed aluminum, 0.080” thick, upturned sides to prevent water 

leakage. 

 

2.6  Installation Angles:  Material:  1.375 x 2.25 inch x 0.125 inch thick continuous 

aluminum angles around louver perimeter for installation in concrete, deep CMU, steel 

and wood substrate wall systems. 

   

2.7  Installation Plates: Material: 10 gauge steel sleeve for installation in thin CMU 

substrate wall systems. 

 

2.8 Louver Screens:  On inside face of exterior louvers, provide 1/2" square mesh 

anodized aluminum wire bird screens mounted in removable extruded aluminum 

frames. 

 

2.9 Stationary Florida Product Approved Louvers:  Hurricane and impact rated louvers, 

basis of design is Ruskin EME3625DFL .   

 

2.10  Performance Data  

 

2.10.1  EME3625DFL:   

 

1. Performance Ratings:  AMCA licensed. 

a. Based on testing 48 inches x 48 inches size unit in accordance with AMCA 

500-L. 

2. Free Area:  46 percent, nominal. 

3. Free Area Size:  7.29square feet. 

4. Maximum Recommended Air Flow through Free Area:  2,024 feet per minute. 

5. Air Flow:  10,484 cubic feet per minute. 

6. Maximum Pressure Drop (Intake):  0.60 inches w.g.. 
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7. Wind Load Rating: Maximum wind load of ±150 PSF. 

8. AMCA 500-L Wind Driven Rain Performance:  99.9 percent effective at 

preventing water penetration through louver when tested at 50 miles per hour 

wind with 8 inches per hour rainfall and 2,024 feet per minute airflow through 

the free area. Penetration Class ‘A’ with Discharge Class (Intake) ‘1’ in 

accordance with AMCA 500-L Wind Driven Rain Test.  

 

3 EXECUTION 

 

3.1 Install where shown on the drawings in accordance with the manufacturer's printed 

instruction and Florida Product Approval.  Exercise care to prevent scratches. 

 

3.2  Isolate dissimilar metals per the manufacturer’s recommendations.   

 

3.3 Verify size of louvers shown on drawings prior to fabrication. Coordinate with wall 

openings.  Sizes may be altered subject to approval by Engineer provided free area 

remains approximately the same as indicated. 

 

 

END OF SECTION 23 37 26 
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SECTION 23 43 18 - BI POLAR IONIZATION AIR CLEANING EQUIPMENT 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of air cleaning work required by this section is indicated on drawings and 

schedules, and by requirements of this section. 

 

1.4 Refer to Division-23 air handling units section for filter boxes associated with air 

handling units; not work of this section. 

 

1.5 Refer to Division-23 duct accessories section for duct access door work required in 

conjunction with air filters; not work of this section. 

 

1.6 Refer to Division-26 sections for power supply wiring from power source to power 

connection on air filter units.  Include starters, disconnects, and required electrical 

devices, except where specified as furnished, or factory-installed by manufacturer. 

 

1.7 Control wiring specified as work of Division 15 for Automatic Temperature Controls 

is work of that section. 

 

1.8 Codes and Standards: 

 

1.8.1 NFPA Compliance:  Comply with applicable portions of NFPA 90A pertaining to 

installation of air filters. 

 

1.8.2 UL Compliance:  Comply with UL Standards pertaining to safety and performance of 

air filter units. 

 

1.8.3 ASHRAE Compliance:  Comply with provisions of ASHRAE Standard 52 for method 

of testing, and for recording and calculating air flow rates. 

 

1.9 Approval Submittals: 

 

1.9.1 Product Data:  Submit manufacturer's technical product data including dimensions, 

weights, required clearances and access, flow capacity including initial and final 

pressure drop at rated air flow, efficiency and test method, fire classification, and 
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installation instructions. 

 

 BiPolar Ionization  

 

1.9.2 Shop Drawings:  Submit manufacturer's assembly-type shop drawings indicating 

dimensions, materials, and methods of assembly of components. 

 

 BiPolar Ionization 

 

1.10 Test Reports and Verification Submittals: 

 

1.10.1 Submit HEPA filter test reports. 

 

1.11 O&M Data Submittals: 

 

1.11.1 Maintenance Data:  Submit maintenance data and spare parts lists for each type of 

filter and rack required.  Include this data, product data and a copy of approval 

submittals in O&M manual. 

 

1.11.2 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply 

wiring to air filter units.  Submit manufacturer's ladder-type wiring diagram for control 

wiring.  Clearly differentiate between portions of wiring that are factory-installed and 

portions to be field-installed.  Include in O&M manual. 

 

2 PRODUCTS 

 

2.1  BIPOLAR IONIZATION SYSTEM 

 

2.1.1  The Air Purification System shall be a product of an established manufacturer within the 

USA. 

 

2.1.2  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.   

 

2.1.3  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.   

 

2.1.4  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 performed within the last two years 

and in a similar application, that proves compliance to ASHRAE 62 and the accuracy 

of the calculations.   
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2.1.5  The Air Purification System have been tested by UL or Intertek/ETL to prove 

conformance to UL 867-2007 including the ozone chamber testing and peak ozone test 

for electronic devices.  Manufacturers that achieved UL 867 prior to December 21, 

2007 and have not been tested in accordance with the newest UL 867 standard with the 

ozone amendment shall not be acceptable.  All manufacturers shall submit their 

independent UL 867 test data with ozone results to the engineer during the submittal 

process.  All manufacturers shall submit a copy with their quotation.  Contractors shall 

not accept any proposal without the proper ozone testing documentation.   

 

2.1.6  The maximum allowable ozone concentration per the UL 867-2007 chamber test shall 

be 0.007 PPM.  The maximum peak ozone concentration per the UL 867-2007 peak 

test as measured 2 inches away from the electronic air cleaner’s output shall be no 

more than 0.0042 PPM.  Manufacturers with ozone output exceeding these ozone 

values shall not be acceptable.   

 

2.1.7  Equipment shall be warranted by the manufacturer against defects in material and 

workmanship for a period of twelve months after shipment or eighteen months from 

owner acceptance, whichever occurs first.  Labor to replace equipment under warranty 

shall be provided by the owner or installing contractor.   

 

2.1.8  General  

 

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 manufacturer specified.  

 

Basis of Design: Global Plasma Solutions  

 

Approved equals by Airgenics, Active Air Solutions, and Plasma Air subject to 

specification compliance.  All other Suppliers of comparable products requesting prior 

approval shall: 

 

Submit for prior approval in accordance with the requirements of Mechanical General. 

 

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. 

 

Submit independent test data from ETL or UL showing ozone levels produced during the 

UL 867 ozone chamber test.  Manufacturers without this test data shall not be acceptable. 
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2.1.9  Bi-Polar Ionization Design & Performance Criteria:  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. 

 

2.1.10  The Bi-polar Ionization system shall be capable of: 

 

Effectively killing microorganisms downstream of the bi-polar ionization equipment 

(mold, bacteria, virus, etc.).   

 

Controlling gas phase contaminants generated from human occupants, building structure 

and furnishings. 

 

Capable of reducing static space charges. 

 

Increasing the interior ion levels, both positive and negative, to a minimum of 800 

ions/cm³ measured 5 feet from the floor. 

 

2.1.11  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. 

 

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. 

 

2.1.12  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.  Air purification system shall be capable of wash down duty. 

 

2.1.13  Equipment Requirements: 

 

Electrode Specifications (Bi-polar Ionization):  

 

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.  A 

minimum of one electrode pair per 2400 CFM of air flow shall be provided.  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. 

 

Electrodes shall be energized when the main unit disconnect is turned on and the fan is 

operating.  Internal circuitry shall be provided to sense air flow across the electrode 

output.  Ionization systems requiring the use of a mechanical air pressure switch to cycle 
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the electrodes only when the fan is operating shall not be acceptable due to high failure 

rates and pressure sensitivity. 

 

2.1.14  Ionization Requirements:  Plasma Generators with Bi-polar ionization output shall be 

capable of controlling gas phase contaminants and shall be provided for all equipment 

listed above.  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 DC power or 

24VAC or 110VAC to 240VAC without the use of an external transformer.  Ionization 

systems requiring isolation transformers shall not be acceptable. 

 

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. 

   

Ionization output from each electrode shall be a minimum of 15 million ions/cc when 

tested at 2” from the ionization generator.   

 

All manufacturers shall provide documentation by an independent NELEC accredited 

laboratory that proves the product has minimum kill rates for the following pathogens 

given the allotted time and in a space condition: 

 

MRSA - >96% in 30 minutes or less  

E.coli - > 99% in 15 minutes or less 

TB - > 69% in 60 minutes or less 

 

Manufacturers not providing the equivalent space kill rates shall not be acceptable.  All 

manufactures requesting prior approval shall provide to the engineer independent test data 

from a NELEC accredited independent lab confirming kill rates and time meeting the 

minimum requirements stated in section 2.2 B, points 6A, 6B and 6C.  Products tested 

only on Petri dishes to prove kill rates shall not be acceptable. 

 

2.1.15  Ozone Generation:  The operation of the electrodes or Bi-polar ionization units shall 

conform to UL 867-2007 with respect to ozone generation.  There shall be no ozone 

generation during any operating condition, with or without airflow. 

 

2.1.16  Electrical Requirements:  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 24 VAC or 100 VAC to 240VAC, 1 phase, 50/60 Hz. 

 

2.1.17  The contractor shall coordinate electrical requirements with air purification manufacturer 

during submittals. 

 

2.1.18  Control Requirements:   

 

All Plasma Generators shall have internal short circuit protection, overload protection, and 

automatic fault reset.   
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Integral airflow sensing shall modulate the Plasma output as the air flow varies or stops.   

 

A mechanical air flow switch shall not be acceptable as a means to activate the Plasma 

device due to high failure rates and possible pressure reversal. 

 

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. 

 

3 EXECUTION 

 

3.1 General:  Comply with installation requirements as specified elsewhere in these 

specifications pertaining to air filters housing/casings, and associated supporting 

devices. 

 

3.2 AIR PURIFICATION SYSTEM 

 

3.2.1  General:  The Contractor shall be responsible for maintaining all air systems until the 

owner accepts the building (Owner Acceptance). 

   

3.2.2  Assembly & Erection: Plasma Generator with Bi-Polar Ionization 

 

All equipment shall be assembled and installed in a workman like manner to the 

satisfaction of the owner, architect, and engineer. 

 

Any material damaged by handling, water or moisture shall be replaced, by the 

mechanical contractor, at no cost to the owner. 

 

All equipment shall be protected from dust and damage on a daily basis throughout 

construction. 

 

3.2.3  Testing:  Provide the manufacturers recommended electrical tests. 

 

3.2.4  Commissioning & Training:  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. 

 

3.3 Install electrical devices furnished by manufacturer but not specified to be factory-

mounted.  Furnish copy of manufacturer's wiring diagram submittal to electrical 

installer.  Verify that electrical wiring installation is in accordance with manufacturer's 

submittal and installation requirements of Division-26 sections.  Do not proceed with 

equipment start-up until wiring installation is acceptable to equipment installer.  

 

END OF SECTION 23 43 18 
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FLORIDA A&M UNIVERSITY 

HOWARD HALL RENOVATIONS 

CONSTRUCTION DOCUMENTS 

MARCH 7, 2025 

 

SECTION 23 73 23 - CUSTOM AIR HANDLING UNITS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Extent of air handling unit work is indicated on drawings, and schedules, and by 

requirements of this section.  

 

1.4 Refer to other Division-23 sections for field-applied insulation to air handling units. 

 

1.5 Refer to other Division-23 sections for condensate and chilled water piping required in 

conjunction with air handling units. 

 

1.6 Refer to other Division-23 Sections for HVAC equipment to be included as part of the 

penthouse units or air handling units such as DDC Controls, Variable Frequency 

Drives, and Hydronic Specialties.  

 

1.7 Refer to Division-26 sections for the following work; not work of this section. 

 

1.7.1 Power supply wiring from power source to power connection on unit.  Include starters, 

disconnects, and required electrical devices, except where specified as furnished, or 

factory installed by manufacturer. 

 

1.8 Codes and Standards: 

 

1.8.1 AMCA Compliance:  Test and rate air handling units in accordance with AMCA 

standards. 

 

1.8.2 ARI Compliance:  Test and rate air handling units in accordance with ARI 430 

"Standard for Central-Station Air Handling Units", and ARI 410 for coils, display 

certification symbol on units of certified models. 

 

1.8.3 NFPA Compliance:  Provide air handling unit internal insulation, adhesives, and 

coatings having flame spread rating not over 25 and smoke developed rating no higher 

than 50; and complying with NFPA 90A "Standard for the Installation of Air 

Conditioning and Ventilating Systems.” 
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1.8.4 UL and NEMA Compliance:  Provide electrical components required as part of air 

handling units, which have been listed and labeled by UL and comply with NEMA 

Standards. 

 

1.8.5 NEC Compliance:  Comply with National Electrical Code (NFPA 70) as applicable to 

installation and electrical connections of ancillary electrical components of air 

handling units.  

 

1.9 Approval Submittals:                                                                         

 

1.9.1 Product Data:  Submit manufacturer's technical product data as follows showing 

dimensions, weights, capacities, certified ratings, fan performance with operating point 

clearly indicated, motor electrical characteristics, gauges and finishes of materials, and 

installation instructions.  Submit assembly-type drawings showing unit dimensions, 

weight loadings, required clearances, construction details, and field connection details. 

 

 Air handling unit components including casings, fans, coils and all related equipment.  

  Vibration Isolation 

 

1.9.2 Shop Drawings:  Submit shop drawings showing the actual installation of each air 

handling unit,  in plan and section.  Show coil access, filter access, motor access, 

controls access and access to any other components requiring service.  Show 

coordination with all related structural components of the building and show all unit 

supports.  Show relationship to drains and other equipment.  Show every electrical 

device and control panel with code-required service clearance clearly marked. 

 

 Units mounted in mechanical rooms.  

  

1.10 O&M Data Submittals: 

 

1.10.1 Wiring Diagrams:  Submit manufacturer's electrical requirements for power supply 

wiring to air handling units.  Submit manufacturer's ladder-type wiring diagrams for 

interlock and control wiring.  Clearly differentiate between portions of wiring that are 

factory-installed and portions to be field installed. 

 

1.10.2 Maintenance Data:  Submit a copy of approval submittals.  Submit maintenance 

instructions, including instructions for lubrication, filter replacement, motor and drive 

replacement, and spare parts lists.  Include these data and wiring diagrams in O&M 

manuals.   

 

2 PRODUCTS 

 

2.1 Acceptable Manufacturers:  Subject to compliance with requirements, provide air 

handling units of one of the following: 

 
Thermal 
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Trane 
York 
Carrier 

 
2.2 General: 
 
2.2.1 Factory fabricated air handling units shall be constructed of solid steel, formed outer 

panels secured to an integral steel frame or to a bolted steel frame.  Outer panels shall 
be removable without affecting the structural integrity of the units.  All units shall 
come complete with a structural steel base around the entire perimeter.  Construction 
shall result in a leakage rate of less than 1% of rated flow at maximum operating 
pressure.  

 
2.2.2 Multiple sectioned units shall be as a single factory assembled piece (except where 

shipping limitations prevent) demounted into modular sections in the field by 
Contractor.  Units shall be furnished with sufficient gasket and bolts for reassembly in 
the field by Contractor.  

 
2.2.3 All units shall be UL or ETL listed.  
 
2.2.4 All coil connections, access doors and drains shall be coordinated with field piping and 

electrical connections.  
 
2.2.5 Unit exterior dimensions shall be the size as shown on the drawings.  
 
2.3 Testing: 
 
2.3.1 The unit manufacturer shall provide a factory leak test on all units at 8 inches static 

pressure.  Cabinet leakage shall not exceed leak class 6 per ASHRAE 111 at 8 inches 
w.g.  Specified air leakage shall be obtained without the use of caulk at normally 
removed access panels.  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.  
 

2.3.2 Fan shall be factory balanced to limit vibration at operating speed to the values shown 
in the following table.  Measure vibration in all three planes.  AHU manufacturer shall 
provide vibration test results.  

 
2.4 Unit Base / Framework:: 
 
2.4.1 Unit base frame shall be structural steel cross members.  The base shall include 

“Double Bottom” insulate floor.  Base frames shall be fitted with lifting lugs at the 
corners of the unit or section (if demounted).  Floor panels shall be double-wall 
construction and designed to support a 250 lb load during maintenance activities and 
shall deflect no more than 0.0042” per inch of panel span (L/240).   

 
2.5 Exterior Casing:   
 
2.5.1 The air handling unit casing shall be 2” thick double wall construction of the “no-

through-metal” design.  The casing structure shall incorporate insulating thermal 
breaks as required so that, when fully assembled, there exists no path of continuous 
unbroken metal to metal conduction from inner to outer surfaces.  Provide required 
structural frame and casing to withstand 8" static pressure.  Panels shall be gasketed 
and secured to the frame with screws.  Outer panels shall be constructed from 20 gauge 
G-90 galvanized steel.  Provide support system for architectural finish panels.  
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Architectural finish panels are not a part of Division-23 work.   The exterior panels 
shall be coated with a painting system designed for long term corrosion.  
 
The paint shall meet or exceed the following criteria:  
 
(ASTM B-117) salt spray resistance 5% fog at 95 degrees F. Passes 750 hr.  
(ASTM D-2247) humidity resistance 100% salt at 95 degrees F. Passes 1,000 hr.  

 
2.6 Unit Casing Insulation: Insulation shall not be disturbed if panels are removed.  

Insulation shall be secured to the entire panel with mechanical and adhesive over the 
entire panel surface.  Entire unit to be insulated with 2"  thick insulation.  The 
insulation shall have an effective thermal the resistance value of R13, minimum.  
Insulation shall fill panels and external structural frame members completely in all 
direction such that no voids exist.  Panel insulation shall comply with NFPA 90A.  

 
2.7 Liners: The units shall be double wall construction and include a 20 gauge solid 

galvanized liner (unless otherwise noted) in the entire unit except for supply fan 
section.  The liner in the supply fan section shall be perforated galvanized steel 
construction.  Insulation facing perforated inner wall shall be covered by a Mylar or 
Tedlar film with spacers to preserve the acoustical properties of the assembly.  

 
2.8 Condensate Pan: Condensate drain pan shall be 16 gauge Type 304 stainless steel.  All 

pans shall be insulated “Double Bottom” construction with welded corners.  The drain 
shall be sloped in two planes for complete drainage with no standing water in the unit.  
Drain connections shall be standard 1¼” NPT connection.  Drain pans shall be 
provided under all cooling unit sections. 

 
2.9 Access Doors: The unit shall be equipped with 2” double wall insulated, hinged access 

doors of the same construction as the interior and exterior wall panels.  Doors shall be 
located upstream and downstream of all coils and in all filter, access plenum and fan 
sections and access to major components.  The fan section door shall be large enough 
to allow the removal of the fan wheel and motor without disassembly of the unit 
casing.   The door frame shall incorporate a built in thermal break barrier along with a 
gasket around the entire perimeter of the door.  The door shall be hinged using a 
minimum of three heavy duty butt hinges.  There shall be two heavy duty Ventlok 
(260/310) handles (or equal) per door.  Provide an ETL, UL 1995, and CAL-OSHA 
approved tool operated safety latch on all fan section access doors.  Operating tool 
shall be chained to each unit with tamper resistant fasteners within reach of the safety 
latch.  All doors to have windows where shown. All doors to be 60” high when 
sufficient unit height is available, or maximum height allowed by the unit height. 

 
2.10 Fans: Provide direct drive 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. 

 
2.11 Motors: Provide high efficiency motor. Provide motors suitable for inverter use.  
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2.11.1 Variable Frequency Drives shall be furnished by the Digital Controls Contractor.   
 
2.12 Coils:   
 
2.12.1 Coil sections shall be double wall with 304 stainless steel inner liner. 

 
2.12.2  All coil assemblies shall be tested under water at 315 psig and performance shall be 

certified under ARI Standard 410.  Coils exceeding the range of ARI standard rating 
conditions shall be as noted on a coil computer printout.  

 
2.12.3 Type WC (water coils) shall be constructed of seamless copper tubing mechanically 

expanded into fin collars.  Fins shall be the die formed plate type.  Headers shall be 
seamless copper with die formed tube holes.  Connections shall be male pipe thread 
(MPT) Schedule 40 red brass. 

  
Vents and drains (1/8)” shall be provided for complete coil drainage.  Coils shall be 
suitable for 250 psig working pressure.  Intermediate tube supports shall be supplied 
on coils over 44" fin length with an additional support every 42" multiple thereafter.  
Coils shall have 5/8" o.d. x .035" wall copper tubes, .010" aluminum fins and 16 gauge 
Type 304 stainless steel casing.  Coil tracks and supports shall be fabricated of Type 
stainless steel.  

 
2.12.4 Provide multiple sections of coils split vertically and horizontally as required for coil 

removal.  Safe off all spaces between coils to prevent air from bypassing coils.  
 
2.12.5 Provide intermediate stainless steel drain pans beneath each section of cooling coil 

above bottom section.  Provide a drain tube from each intermediate pan down to the 
base drain pan.  Intermediate drain pans shall extend a minimum of 8" past the 
downstream face of coil.  

 
2.12.6 Insulate all piping within the AHU in accordance with Division-23 section “Insulation 

for HVAC Equipment and Piping”.  Repair all cracks in insulation or covering at site 
after unit has been set.  Piping and hydronic devices as well as piping insulation for all 
units shall be completed in the field.  

 
2.13 Filter Boxes: Provide boxes to accommodate filters of the type indicated on the 

schedule.  Factory fabricated filter sections shall be of the same construction and finish 
as the units.  Side service filter sections shall include hinged access doors.  Internal 
safing shall be provided by the manufacturer as required to prevent air bypass around 
the filters.  

 
2.13.1 Filter Gauge:   Each filter bank shall be furnished with one (1) Magnehelic filter gauge 

(Dwyer Series 2000).   
 
2.14 Ducted connection: Provide ductwork connection of sizes shown on the drawings.  

 
2.15 Lighting: Provide vapor-proof light fixtures in all accessible sections.  Factory 

mounted and wired to an external service switch.    
 

2.16   UVC Lights General:  Provide factory mounted and wired UVC light system.  UVC 
Light system shall be wired to a switched junction box on the front of the unit at the 
factory.  Provide door interlocking safety switch to turn off light when access door is 
opened.   
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2.16.1  UVC Lights:  Provide factory assembled emitter and fixture consisting of housing, 
power source, reflector, Emitter sockets, and emitter.  The housing shall be constructed 
of 304 stainless steel with heavy gage reflector, specular finished aluminum alloy with 
approximately 85% reflectance at 254 nm wavelength.  Provide ½” conduit openings 
on each end to facilitate coupling and wiring fixture to fixture.  The power source shall 
be a Class P2, electronic, rapid start type with a power factor greater than 0.95 and a 
power conversion of greater than 75%.  The power supply shall include RF and EMI 
suppression and be designed to maximize photon production, irradiance, and reliability 
in cold or moving airstreams of 35-170F, 100% RH and up to 2000 FPM velocity.  The 
fixture shall be 115V/60 hz.  Emitter sockets shall be medium bi-pin, double click 
safety, twist lock type, constructed of UVC-resistant polycarbonate.  Emitter tubes 
shall be very high output, hot cathode, T5 diameter, medium bi-pin type that produces 
broadband UVC of 250-260 nm at 2000 FPM velocity and air temperatures of 35-
170F.  It shall produce no ozone or other secondary contaminants.  The unit shall be 
tested by an independent test laboratory in accordance with IES Lighting Handbook, 
1981 and verified through independent testing to provide output per 1” arc length of 
not less than 10 uW/cm2 at 1 meter in a 400 FPM airstream at 45F. Units shall comply 
with UL Standard 1995 for use in HVAC equipment and carry the UL and ULC labels.     

 
2.16.2  UVC Equipment Warranty:  Provide equipment parts and labor warranty covering the 

complete UVC assembly including the fixtures, bulbs, and power supply for a period 
of three years from the date of start-up.  The warranty does not cover normal emitter 
effectiveness loss due to aging.   

 
2.17 Drains: Provide a capped washdown drain in each coil section.  

 
2.18  Vibration Isolation:  Provide Type EM5 Vibration Isolation. 
 
3 EXECUTION 
 
3.1 Examine areas and conditions under which air handling units are to be installed.  Do 

not proceed with work until unsatisfactory conditions have been corrected in manner 
acceptable to Installer. 

 
3.2 General:  Install air handling units where indicated, in accordance with equipment 

manufacturer's published installation instructions, and with recognized industry 
practices, to ensure that units comply with requirements and serve intended purposes.  
The work of this section includes all equipment necessary for a complete, packaged 
system, including work and equipment specified in other Division-23 sections.  

 
3.3 Coordination:  Coordinate with other work, including architectural panels, ductwork, 

floor construction and piping, as necessary to interface installation of air handling units 
with other work.   

 
3.4 Access:  Provide access space around air handling units for service as indicated, but in 

no case less than that recommended by manufacturer. 
 

3.5 Support: 

 

3.5.1 Install first floor air handling units on reinforced concrete housekeeping pads of 

sufficient height to properly trap condensate, but in no case less than 4”. 

 

3.5.2  Install second floor air handling units on factory 4” base rails.  Provide flashing around 
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perimeter of unit to prevent dirt/debris from getting under the unit.   
 
3.6 Electrical Wiring:  Install electrical devices furnished by manufacturer but not 

specified to be factory-mounted.  Furnish copy of manufacturer's wiring diagram 
submittal to electrical Installer.  Verify that electrical wiring installation is in 
accordance with manufacturer's submittal and installation requirements of Division-26 
sections.  Do not proceed with equipment start-up until wiring installation is acceptable 
to equipment installer. 

 
3.7 Piping Connections:  Refer to Division-23 HVAC sections.  Provide piping, valves, 

accessories, gauges and supports as indicated.  Eliminate strain on coil headers.  
Provide trapped, insulated, DWV copper condensate drain piping full size from the 
drain connection as shown and extend independently to disposal point as part of this 
section's work.  Provide individual trap from each drain.  

 
3.8 Duct Connections:  Refer to Division-23 Air Distribution sections. Provide ductwork, 

accessories, and flexible connections as indicated. 

 
3.9  Vibration Isolation:  Install in accordance with requirements of Division-23 Vibration 

Isolation.  
 
3.10 Brush out fins on all coils. 
 
3.11 Testing:  Upon completion of installation, start-up and operate equipment to 

demonstrate capability and compliance with requirements.  Install final, fixed sheave 
package.  Field correct malfunctioning units, then retest to demonstrate compliance. 

 
3.12 Provide one spare set of belts for each belt-driven fan, obtain receipt from Owner that 

belts have been received 
 

3.13  Install new filters (prefilters and final filters as applicable) at final completion.  
Provide two spare sets of filters to owner at final completion 
 

  
END OF SECTION 23 73 23 
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SECTION 23 81 28 - DUCTLESS SPLIT SYSTEM AIR CONDITIONING UNITS 

 

1 GENERAL 

 

1.1 Drawings and general provisions of Contract, including General and Supplementary 

Conditions and Division-1 Specification sections, apply to work of this section. 

 

1.2 Division-23 Basic Mechanical Materials and Methods sections apply to work of this 

section. 

 

1.3 Refer to other Division-23 sections for testing, adjusting, and balancing of units; not 

work of this section. 

 

1.4 Approval Submittals: 

 

1.4.1 Product Data:  Submit manufacturer's technical product data, including dimensions, 

ratings, electrical characteristics, weight, capacities, materials of construction, and 

installation instructions. Submit assembly-type drawings showing all piping and 

electrical connections and all mounting requirements.  Show methods of fastening and 

assembly of components.  Provide wiring diagrams. 

 

1.5 O&M Data Submittals:  Submit manufacturer's maintenance data including parts lists.  

Include these data, product data, and a copy of approval submittals in O&M manual. 

 

2 PRODUCTS 

 

2.1 Quality Assurance: 

 

2.1.1 Test and rate split system air conditioning units in accordance with ARI Standard 210, 

240 or 360 as applicable, and provide certified rating seal.   

 

2.1.2 Construct refrigeration system of split system air conditioning units in accordance with 

ASHRAE 15 (ANSI B 9.1) "Safety Code for Mechanical Refrigeration". 

 

2.1.3 Provide split system air conditioning units with a SEER2 that meets the Florida Energy 

Efficiency Code and the schedule on the drawings. 

 

2.1.4  Provide split system air conditioning units with EPA approved refrigerant and factory 

installed refrigerant monitoring system. 

 

2.1.5 Provide split system air conditioning units that are designed, manufactured, and tested 
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in accordance with UL or ETL requirements. 

 

2.1.6 Acceptable Manufacturers:  Submit to compliance with requirements, provide units by 

Mitsubishi, Daikin, LG, or approved equal. 

 

2.2 General: 

 

2.2.1 Casings:  Construct of painted mill galvanized steel (or aluminum) formed panels 

rigidly reinforced and braced.  Each unit shall be provided with removable panels to 

permit the unit (including fans and compressors) to be properly maintained and 

serviced.   

 

2.3 Condensing Unit:  

 

2.3.1 Condenser Fans and Drives:  Fan shall be of rustproof construction, hot dipped 

galvanized steel, stainless steel or aluminum.  Unit shall have weather protected totally 

enclosed motor.  Provide a close fretwork galvanized steel or non-ferrous fan guard.  

Motors shall be the permanently lubricated type, resiliently mounted. 

 

2.3.2 Condenser Coil:  Construct of non-ferrous tubes and aluminum fins.  Provide inlet 

guard to protect condenser fins. 

 

2.3.3 Compressor:  Shall be twin rotary invertor driven with vibration isolation.  Compressor 

shall not produce objectionable noise or vibration inside the building.  Compressors 

shall have seven (7) year warranty.   

 

2.3.4  Multi Zone Units:  Where indicated provide single outdoor units for use with multiple 

indoor units.   

 

2.3.5 Service Valves:  Provide for high and low pressure readings.  

 

2.3.6  Seacoast Protection:  Provide phosphate coating and acrylic enamel coating for 

external outer panels.  Provide epoxy resin coating for fan motor support, separator 

assembly, and valve bed.  Provide zinc-nickel coated and polyvinylidene chloride 

coating on fasteners.  Provide anti-corrosion treatment to condenser coil to protect 

from airborne contaminants.   

 

2.4 Evaporator Unit:  

 

2.4.1 Interior of unit shall be thermally and acoustically insulated with 1 inch fiberglass duct 

liner insulation.  Provide removable panels to permit the unit to be properly serviced 

and maintained. 

 

2.4.2 The evaporator section shall include centrifugal fan, two-speed fan motor, and direct 

drive.  Provide cooling coil, snap out washable filters, refrigerant drier, controls and 

other necessary devices for a completely automatic unit.  Coils shall have copper tubes 
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and aluminum fins.  Provide automatic oscillating louver action to facilitate air 

distribution. 

 

2.5 Controls:  

 

2.5.1 All safety and operational controls shall be factory wired.  

 

2.5.2 Provide remote microprocessor-based controls with room thermostat, timer and fan 

speed switch. 

 

2.6 Refrigerant Piping: 

 

2.6.1 Copper tubing 3/4" and smaller in concealed spaces:  Type ACR, soft annealed temper; 

cast copper-alloy fittings for flared copper tubes; flared joints. 

 

2.6.2  Copper tubing 3/4" and smaller exposed outdoors, indoors, and inside mechanical 

rooms:  Type ACR, hard drawn temper; cast copper-alloy fittings for flared copper 

tubes; flared joints. 

 

2.6.3 Brazing material:  Silver solder bearing at least 15% silver; Sil Fos. 

 

3 EXECUTION 

 

3.1 Installation:  Install in accordance with producer's printed instructions. 

 

3.2 Refrigerant Piping:  Comply with ANSI B31.5, "Refrigerant Piping," (extend lower 

pressure limits below 15 psig), and ASHRAE 15 (ANSI B9.1).  Make all joints 

carefully and neatly.  Clean pipe and fittings before fluxing.  Remove burrs.  Braze by 

the sweat method using Sil Fos. 

 

3.3 Testing:  After job erection, pressure test for leaks at 150 psig using a nominal amount 

of a suitable tracer refrigerant and dry nitrogen or a suitable refrigerant.  Perform leak 

tests with an electronic halide leak detector having a sensitivity of at least 1/2 ounce R-

12 per year.  Refrigeration piping will not be accepted unless it is gas tight. 

 

3.4 Evacuation:  After completing the successful pressure test, multiple-evacuate the 

system.  Leave the compressor isolation valves shut and connect the vacuum pump to 

both the high and low sides.  Evacuate the system to an absolute pressure of 1,500 

microns.  Then break vacuum to 2 psig with dry nitrogen.  Repeat this process.  Install 

the proper biflow drier in the liquid line and evacuate the system to 500 microns.  

Leave vacuum pump running for at least two hours without interruption.  Break 

vacuum with the refrigerant to be used and raise pressure to 2 psig.  Do not operate 

compressors during the evacuation procedure. 

 

3.5 Charging:  After completing the successful evacuation procedure, charge refrigerant 

directly to the system from the original containers through a filter drier.  Charge to the 
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manufacturer's stated conditions of pressure for required temperature.  Weigh the 

refrigerant added and record on the startup report. 

 

3.6 Cleaning:  Clean tar and all other soil from housing exterior.  Leave ready for Division 

7, Caulking Work.  Caulk around pipe sleeves. 

 

3.7 Condensate Drain:  Pipe trapped copper condensate drain to outside the building or to 

a point of disposal as shown on the drawings.  Pipe shall be full size of unit outlet.  

Refer to Division-23 section "Insulation" for pipe insulation. 

 

3.8 Startup:  Check entire assembly for correctness of installation, alignment, and control 

sequencing.  Start all component parts in proper sequence.  Make all adjustments 

required to insure proper smooth quiet operation. 

 

END OF SECTION 23 81 28 
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SECTION 260500 - ELECTRICAL GENERAL REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

The Electrical General Requirements are supplementing and applicable to Division 26 Sections and 
shall apply to all phases of work specified herein, shown on the Drawings, or required to provide a 
complete installation of electrical systems.  Section 26 is sub-divided for convenience only.  

A. This Section includes the following: 

1. Job Conditions 
2. Regulatory Requirements 
3. Electrical equipment coordination and installation. 
4. Submittals, Operating and Maintenance instructions and As-built drawings. 
5. Common electrical installation requirements. 
6. Warranty of work. 

1.2 JOB CONDITIONS: 

A. Site Inspections: Before submitting proposals, each bidder should visit the site and fully familiarize 
himself with all job conditions and shall be fully informed as to the extent of his work. No consideration 
will be given after bid opening date for alleged misunderstanding as to the requirements of work 
involved in connecting to the utilities or as to requirements of materials to be furnished.  The contractor 
shall contact the utility prior to bid and make appropriate provisions in such bid as required by the 
utility for the utility’s routing and connection. 

B. Scheduled Interruptions: Planned interruptions of utilities service, to any facility affected by this 
contract, shall be carefully planned and approved by Architect at least fourteen (14) days in advance 
of the requested interruption.  The Contractor shall not interrupt services until the Architect has granted 
specific approval.  The request shall indicate services to be affected, date and time of interruption and 
duration of outage.  Request for interruption of service will not be approved until all equipment and 
materials required for the completion of that particular phase of work are on the job site.  The work 
may have to be scheduled after normal working hours. 

C. Accidental Interruptions: All excavation and/or remodeling work required shall be performed with 
care so as not to interrupt other existing services (water, gas, electrical, sewer, sprinklers, etc.).  If 
accidental utility interruption resulting from work performed by the Contractor occurs, service shall 
be immediately restored to its original condition without delay, by and at the expense of the Contractor, 
using skilled workmen of the trade required. 

1.3 REGULATORY REQUIREMENTS: 

A. Permits, Fees, and Inspections: This Contractor shall secure and pay for all permits, and inspections 
required on work performed under this section of the Specifications.  He shall assume full 
responsibility for all assessments and taxes necessary for the completion and acceptance of the work.  
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B. Applicable Standards and Codes: The electrical installation shall comply with all applicable building 
codes; local, state, and federal ordinances.  In case of a discrepancy among these applicable regulatory 
codes and ordinances, the most stringent requirement shall govern.  The Contractor shall notify the 
Architect in writing of any such discrepancy.  Should the Contractor perform any work that does not 
comply with the applicable regulatory codes and ordinances he shall bear all cost arising in correcting 
the deficiencies.  Application standards and codes shall include all local ordinances, all state laws, and 
the applicable requirements of the following: 

1. American National Standards Institute - ANSI 
2. National Electrical Manufacturer’s Association - NEMA 
3. National Fire Protection Association – NFPA (latest editions) 
4. The National Electric Code – NEC – NFPA 70, 2020 
5. The National Electrical Safety Code – C2-2023 
6. The Life Safety Code – NFPA 101, 2021 
7. The National Fire Alarm Code – NFPA 72, 2019 
8. Florida Building Code, 2023 Edition 
9. Underwriters’ Laboratories, Inc. – UL 

C. Drawings and Specifications: The drawings and these specifications are complementary each to the 
other.  What is called for by one shall be as binding as if called for by both.  Omissions from the 
drawings and specifications of details of work which are evidently necessary to carry out the intent of 
the drawings and specifications, or which are customarily performed, shall not relieve the Contractor 
from performing such work.  In any case of discrepancy in the figures or catalog numbers, the matter 
shall be submitted to the Architect, who shall promptly make a determination in writing.  Any 
adjustment by the Contractor shall be at the Contractor's own risk and expense.  Electrical drawings 
are diagrammatic only.  Do not scale these drawings.  All equipment shall be installed in accordance 
with manufacturer's recommendations and any conflicting data shall be verified before bidding. 

D. The Contractor shall after completion of the work, furnish the Architect a certificate of final inspection 
and approval from the applicable local inspection department.  The Contractor shall also make 
necessary changes to plans and specifications to meet code standards at no additional cost to the Owner. 

1.4 CONNECTION TO EXISTING UTILITIES: 

A. All utility work shall be coordinated with and approved by the Utilities Division through the FAMU 
PM. Permission for all utility outages shall be requested a minimum of (14) days in advance unless 
an emergency arises. Explicit detail shall be shown for all connections to existing utilities. The 
FAMU Utilities Division must approve both the location and the method of the proposed 
connection. 

B. The contractor shall, through the FAMU PM, coordinate the procedure to, and shall pay for, all 
electric energy consumption during construction as part of the project. The contractor shall obtain 
the Utilities Procurement Procedures from the FAMU PM. 

1.5 COOPERATION: 

A. Interfacing with Other Crafts: It shall be the responsibility of the Contractor to cooperate and 
coordinate with all other crafts working on this project.  This Contractor shall do all cutting, trenching, 
backfill and structural removals to permit entry of the electrical system components.  The General 
Contractor shall do all patching and finishing.   
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B. Equipment Furnished Under Other Sections: This Contractor shall furnish and install, complete 
electrical roughing-in and connections to all equipment furnished under other sections and indicate on 
drawings.  This includes all outlets as shown on mechanical and electrical drawings.  All such 
equipment shall be set in place as work of other sections. 

C. Heating and Air Conditioning: 

1. The Contractor shall furnish all branch circuit wiring to motors and control panels or centers 
including disconnects, receptacles, switches, and appurtenances to which the system at the units 
may be connected, to provide a complete system of wiring for power.  Control equipment and 
control circuit wiring is specified in the Mechanical Section. 

2. Control devices to be included in the branch circuit, except those furnished integrals with the 
equipment, will be delivered by the Heating and Air Conditioning Contractor and installed by 
the Electrical Contractor. 

1.6 WORKMANSHIP:  

 All work shall be executed in a neat and substantial manner by skilled workman, well qualified, 
and regularly engaged in the type of work required.  Substandard work shall be removed and 
replaced by the Contractor at no cost to the Owner. 

1.7 APPROVAL OF MATERIALS AND EQUIPMENT: 

Prior-Submittals: The Contractor shall base his proposal on the materials specified herein and on the 
drawings.  Reference to a particular product by manufacturer, trade name, or catalog number 
establishes the quality standards of material and equipment required for this installation and is not 
intended to exclude products equal in quality and similar design.  The Specifying Engineer reserves 
the sole right to decide the equality of materials proposed for use in lieu of these specified.  It shall be 
the Contractor's responsibility to furnish the information and data sufficient to establish the quality 
and utility of the items in question, including furnishing of samples if required.  If other equipment 
manufacturers determine that their equipment will fit in the space and meet the recommended 
clearances, suit all job conditions, equal or exceed the quality of the specified items, then a request 
may be made in writing to the Specifying Engineer at least ten (10) business days prior to bid date 
for permission to be included in the approved equipment list.  All data required for evaluation shall 
accompany the above letter. The Specifying Engineer offers two submittal reviews, if these are 
unacceptable, only an “as-specified” submittal will be accepted. In addition, all value engineering 
alternates should only be submitted when directly requested by the owner and must be noted 
specifically as “VE” alternates to the items specified in the construction documents.  A letter from 
the owner directing the VE effort is strongly encouraged as an accompaniment to any VE 
submittal. 

A. Submittals: 

1. Submittals: The Contractor shall submit a list of equipment proposed for installation.  Catalog 
data and shop drawings on all proposed systems and their components shall be submitted.  
Where substitutions alter the design or space requirements, the Contractor shall defray all 
items of cost for the revised design and construction including costs to all allied trades 
involved.  Provide six (6) copies of submittals and shop drawings as a minimum unless the 
General Conditions requires a greater number of copies.  In lieu of paper copies, the Contractor 
may submit the submittals in PDF format.   
a. Submittals Schedule:  Submittals shall be submitted within thirty (30) days after the 

contract is awarded.  It is not the responsibility of the Engineer to expedite the review 
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of submittals if the contractor has not adequately prepared the submittals in a time 
efficient manner.  The contractor bears all the responsibility for the added time 
requirements of resubmittals. 

b. Identification:  Place a permanent label or title block on each submittal for 
identification.  Each major section of submittals such as power equipment, lighting 
equipment, fire alarm, etc., shall be secured together in a booklet or stapled with a 
covering index.  The different parts of the submittal shall describe which Specification 
Section it is referenced.  The covering index shall list the following information: 
1) Project name and date 
2) Name, address, and phone number of General contractor and project manager. 
3) Name, address, and phone number of Sub-contractor and project manager. 
4) Supplier of equipment with phone number and person responsible for this project. 
5) Index of each item covered in submittal and model number. 
6)  Any deviation from contract documents shall be specifically noted on submittal 

cover index and specifically identified with highlighting, encircling, or boldly on 
specific submittal sheet. 

c. The submittal shall not be in individual parts per each Specification Section but be 
combined as a part of a major section such as power equipment, lighting equipment, 
fire alarm, methods, etc. 

d. Resubmittals:  The Specifying Engineer will participate in two resubmittal reviews.  
After the second resubmittal review, the Engineer shall not review the submittal until 
the Contractor provides $1,000 to the Engineer to perform each additional required 
resubmittal review.  Make resubmittals in same form and number of copies as initial 
submittal. 
1) Include previous submittal review comments. 
2) For each item being resubmitted, include previous review comment and 

explain how resubmitted item meets the criteria of the previous review 
comment. 

2. Electrical and Mechanical/Plumbing/Fire Protection Equipment Coordination: 

The electrical power equipment submittals shall be accompanied by a letter verifying 
coordination of electrical services for all mechanical, plumbing, and fire protection 
equipment requiring power.  The letter shall follow the format listed below. 

 
To: ________________________________ 

                    (General Contractor) 
 

Re: ________________________________ 
                                   (Project name and location) 
 
  We the undersigned subcontractors certify that we have coordinated the electrical 

requirements for mechanical, plumbing, and fire protection sprinkler equipment as 
evidenced by the coordination chart listed herein. 

 
 

 
Item 

Load 
Full Load 

Amps 

1 Phase 
or 

3 Phase 

Number of 
Electrical 

Connections 

Maximum 
Overcurrent 
Protection 

Minimum 
Overcurrent 
Protection 

Breaker 
Proposed 

Circuit 
Proposed 
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The above list details all required electrical connections for mechanical equipment. 
 
     Signed:  _______________________ 
      
         For: __________________________ 
               Mechanical Subcontractor 
 
 The above list details all required electrical connections for plumbing equipment. 
 
     Signed: _______________________ 
            
      For: __________________________ 
              Plumbing Subcontractor 
 
 
 The above list details all required electrical and fire alarm connections for fire 

protection equipment. 
 
     Signed: _______________________ 
            
      For: __________________________ 
                                  Fire Protection Sprinkler Subcontractor 
 
 The above list of equipment has been reviewed and the required connections are 

being provided. (Any exceptions or request for direction shall be listed here) 
 
     Signed: ________________________ 
                    
     For: ___________________________ 
               Electrical Subcontractor 

1.8 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Protection:  Take necessary precautions to protect all material, equipment, apparatus, and work from 
damage.  Failure to do so to the satisfaction of the Architect will be sufficient cause for the rejection 
of the material, equipment, or work in question.  Contractor is responsible for the safety and good 
condition of the materials installed until final acceptance by the owner. 

B. Cleaning:  Conduit openings shall be capped or plugged during installation.  Fixtures and equipment 
shall be tightly covered and protected against dirt, moisture, chemical and mechanical injury.  At the 
completion of the work the fixtures, material and equipment shall be thoroughly cleaned and delivered 
in condition satisfactory to the Architect. 

1.9 TESTING AND BALANCING:  

Make tests that may be required by the Owner or the Architect in connection with the operation of the 
electrical system in the buildings.  Verify phase rotation of electrical system and that voltages are 
within acceptable limits.  Balance all single-phase loads connected to all panelboards in the buildings 
to insure approximate equal divisions of these loads on the main secondary power supply serving the 
buildings.  All tests shall be made in accordance with the latest standards of the IEEE and the NEC.  
The installation shall be tested as defined in the 26 specifications. Contractor shall perform circuit 
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continuity and operational tests on all equipment furnished or connected by Contractor.  The tests shall 
be made in the presence of the Architect or his representative.  The Contractor shall notify the Architect 
at least twenty-four (24) hours in advance of tests.  The Contractor shall provide all testing equipment 
and all costs shall be borne by him.  Written reports shall be made of all tests and shall be made 
available at the Pre-Final Inspection.  All faults shall be corrected immediately. 

A. A letter shall be written giving the following: 

1. Measured amps on each phase of each panel. 
2. Resistance to ground of each new grounding electrode. 
3. Phase rotation at the service (indicated with micarta label inside of the equipment and date of 

installation) 
4. Measured voltage phase to phase and phase to neutral at each panel. 
5. Ground continuity and polarity instrument used. 

1.10 OPERATING AND MAINTENANCE INSTRUCTIONS/AS BUILT DRAWINGS: 

A. Four (4) complete sets of instructions containing the manufacturer’s Operating and Maintenance 
(O&M) instructions for each piece of equipment shall be furnished to the Owner.  Each set shall be 
permanently bound and shall have a hard cover.  One complete set shall be furnished at the time that 
the test procedure is submitted, and remaining sets shall be furnished before the Contract is completed.  
Flysheets shall be placed before instructions covering each subject.  The instruction sheets shall be 
approximately 8-1/2” by 11” with large sheets of Drawings folded in.  The instructions shall include 
information for major pieces of equipment and systems.  In addition, a CD shall be provided to the 
Owner with the O&M Manuals and Drawings contained therein.  

B. This Contractor shall provide as-built Drawings at the completion of the job.  Drawings shall show all 
significant changes in equipment, wiring, routing, location, etc.  All underground conduit routing shall 
be accurately indicated with locations dimensioned.  As-built drawings shall be submitted for review 
as red-lined on a field hard copy (digitally edited PDF documents are also acceptable). 

C. All signals, communications, data, control, dimming systems, etc. shall be included in the As-Built 
drawings. Where electrical drawings contain a large number of items that prevent easy discernment of 
the As-Built system, enlarged details or other graphic methods shall be used to clarify the identification 
required for As-Builts usage. 

D. As-Built drawings shall include the following information: 

1. Stub-out locations dimensioned from permanent building lines. 
2. Routing of all main feeders and identified as under slab, in slab, above ceiling, etc. also for 

lighting and power branch circuits the number of conductors shall be included, and for feeders 
and motor branch circuits the number, size, and insulation of conductors shall be included. 

3. Corrected panel board and equipment schedules. 
4. Corrected circuit numbers as they appear on the panel board directories. 
5. Corrected motor horsepower and full load amperes. 
6. Location of major distribution open junction boxes with 2” conduit and over. 
7. Location of all underground raceways or duct banks dimensioned from easily identified points 

with depth indicated from BFG (below finished grade) and by elevation in feet. 

1.11 GUARANTEE AND SERVICE:  

A. Upon completion of all tests and acceptance, the Contractor shall furnish the Owner a written guarantee 
covering the electrical work done for a period of one (1) year from date of acceptance.  Guarantee 
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includes equipment capacity and performance ratings specified without excessive noise levels. Upon 
notice from the Architect or the Owner, the Contractor shall, during the guarantee period, rectify and 
replace any defective material or workmanship and repair any damage caused thereby without 
additional cost. 

PART 2 - EXECUTION 

2.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1-2015. 

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 raceways and piping systems installed at a required slope. 

 

 

END OF SECTION 260500 
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SECTION 260513 - MEDIUM-VOLTAGE CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes cables and related cable splices, terminations, and accessories for medium-
voltage (2001 to 35,000 V) electrical distribution systems. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of cable. Include splices and terminations for cables and cable 
accessories. 

B. NETA test reports. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Provide listing of products installed showing qualifications of Cable Splicers to the Engineer prior 
to specified work.  

B. Cable splicers performing splicing are required to have 5 years experience in cable splicing and 
terminations. Once a termination or splice has been started by a worker, the same person 
completes that particular splice. Start and complete each termination and splice in one continuous 
work period. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

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 IEEE C2 and NFPA 70. 
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C. Source Limitations: Obtain cables and accessories from single source from single manufacturer. 

2.2 CABLES 

A. Cable Type: Type MV 105. 

B. Conductor Insulation: Ethylene-propylene rubber. 

1. Voltage Rating: 15 kV. 
2. Insulation Thickness: 133 percent insulation level. 
3. Full Concentric Neutral. 

C. Conductor: Copper. 

D. Comply with UL 1072, AEIC CS8, ICEA S-93-639/NEMA WC 74. 

E. Conductor Stranding: Compact round, concentric lay, Class B 

F. Strand Filling: Conductor interstices are filled with impermeable compound. 

G. Shielding: Solid copper wires, helically applied over semiconducting insulation shield. 

H. Cable Jacket: Sunlight-resistant PVC. 

2.3 CONNECTORS 

A. Comply with ANSI C119.4 for connectors between aluminum conductors or for connections 
between aluminum to copper conductors. 

B. Copper-Conductor Connectors: Copper barrel crimped connectors. 

2.4 SEPARABLE INSULATED CONNECTORS 

A. Description: Modular system with disconnecting, single-pole, cable terminators and with 
matching, stationary, plug-in, dead-front terminals designed for cable voltage and for sealing 
against moisture. 

B. Standard: Comply with IEEE 386. 

C. Terminations at Distribution Points: Modular type, consisting of terminators installed on cables 
and modular, dead-front, terminal junctions for interconnecting cables. 

D. Load-Break Cable Terminators: Elbow-type units with 200-A-load make/break and continuous-
current rating; coordinated with insulation diameter, conductor size, and material of cable being 
terminated. Include test point on terminator body that is capacitance coupled. 

E. Dead-Break Cable Terminators: Elbow-type unit with 600-A continuous-current rating; designed 
for de-energized disconnecting and connecting; coordinated with insulation diameter, conductor 
size, and material of cable being terminated. Include test point on terminator body that is 
capacitance coupled. 
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F. Test-Point Fault Indicators: Applicable current-trip ratings and arranged for installation in test 
points of load-break separable connectors, and complete with self-resetting indicators capable of 
being installed with shotgun hot stick and tested with test tool. 

G. Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool, and 
carrying case. 

2.5 SPLICE KITS 

A. Description: For splicing medium voltage cables; type as recommended by cable or splicing kit 
manufacturer for the application. 

B. Standard: Comply with IEEE 404. 

C. Splicing Products: As recommended, in writing, by splicing kit manufacturer for specific sizes, 
materials, ratings, and configurations of cable conductors. Include all components required for 
complete splice, with detailed instructions. 

2.6 MEDIUM-VOLTAGE TAPES 

A. Description: Electrical grade, insulating tape for medium voltage application. 

B. Ethylene/propylene rubber-based, 30-mil (0.76-mm) splicing tape, rated for 130 deg C operation. 
Minimum 3/4 inch (20 mm) wide. 

C. Silicone rubber-based, 12-mil (0.30-mm) self-fusing tape, rated for 130 deg C operation. 
Minimum 1-1/2 inches (38 mm) wide. 

D. Insulating-putty, 125-mil (3.175-mm) elastic filler tape. Minimum 1-1/2 inches (38 mm) wide. 

2.7 ARC-PROOFING MATERIALS 

A. Tape for First Course on Metal Objects: 10-mil- (250-micrometer-) thick, corrosion-protective, 
moisture-resistant, PVC pipe-wrapping tape. 

B. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch (8 mm) thick, 
and compatible with cable jacket. 

C. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch (25 mm) wide. 

2.8 SOURCE QUALITY CONTROL 

A. Test and inspect cables according to ICEA S-97-682 before shipping. 

B. Test strand-filled cables for water-penetration resistance according to ICEA T-31-610, using a 
test pressure of 5 psig (35 kPa). 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install cables according to IEEE 576. 

B. Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber 
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inches 
(1200 to 1800 mm) on the pull rope. 

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit 
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. 
If an obstruction is felt, pull the brush back and forth repeatedly to break up the obstruction. 

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the 
conduit inner diameter on a length of steel cable with an eye on each end for attaching the 
pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the duct. 

C. Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and 
sidewall pressure values. 

1. Where necessary, use manufacturer-approved pulling compound or lubricant that does not 
deteriorate conductor or insulation. 

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that do 
not damage cables and raceways. Do not use rope hitches for pulling attachment to cable. 

3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables 
during installation. 

4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape. 

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and 
follow surface contours where possible. 

E. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

F. In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls 
by the longest route from entry to exit; support cables at intervals adequate to prevent sag. 

G. Install sufficient cable length to remove cable ends under pulling grips. Remove length of 
conductor damaged during pulling. 

H. Install cable splices at pull points and elsewhere as indicated; use standard kits. Use dead-front 
separable watertight connectors in manholes and other locations subject to water infiltration. 

I. Install terminations at ends of conductors, and seal multiconductor cable ends with standard kits. 

J. Install separable insulated-connector components as follows: 

1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder is 
indicated to be connected. 

2. Portable Feed-Through Accessory: At each terminal junction, with one on each terminal. 
3. Standoff Insulator: At each terminal junction, with one on each terminal. 
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K. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not 
protected by conduit, cable tray, direct burial, or termination materials. In addition to arc-proofing 
tape manufacturer's written instructions, apply arc proofing as follows: 

1. Clean cable sheath. 
2. Wrap metallic cable components with 10-mil (250-micrometer) pipe-wrapping tape. 
3. Smooth surface contours with electrical insulation putty. 
4. Apply arc-proofing tape in one half-lapped layer with coated side toward cable. 
5. Band arc-proofing tape with two layers of 1-inch- (25-mm-) wide half-lapped, adhesive, 

glass-cloth tape at each end of the arc-proof tape. 

L. Seal around cables passing through fire-rated elements according to Section 078413 "Penetration 
Firestopping." 

M. Ground shields of shielded cable at terminations, splices, and separable insulated connectors. 
Ground metal bodies of terminators, splices, cable and separable insulated-connector fittings, and 
hardware. 

N. Identify cables according to Section 260553 "Identification for Electrical Systems." Identify 
phase and circuit number of each conductor at each splice, termination, pull point, and junction 
box. Arrange identification so that it is unnecessary to move the cable or conductor to read the 
identification. 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. 

2. After installing medium-voltage cables and before electrical circuitry has been energized, 
test for compliance with requirements. 

3. Perform Partial Discharge test of each new conductor according to NETA ATS, Ch. 7.3.3 
and to test equipment manufacturer's recommendations. 

4. Perform Dissipation Factor test of each new conductor according to NETA ATS, Ch. 7.3.3 
and to test equipment manufacturer's recommendations. 

B. Prepare test and inspection reports. 

END OF SECTION 260513 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Copper building wire rated 600 V or less. 
2. Metal-clad cable, Type MC, rated 600 V or less. 
3. Fire-alarm wire and cable. 
4. Connectors, splices, and terminations rated 600 V and less. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE (ALUMINUM BUILDING WIRE IS NOT PERMITTED) 

A. Description: Flexible, insulated, and uninsulated, drawn copper current-carrying conductor with 
an overall insulation layer or jacket, or both, rated 600 V or less. 

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

1. Alpha Wire Company. 
2. General Cable Technologies Corporation. 
3. Okonite Company (The). 
4. Southwire Company. 
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C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. RoHS compliant. 
3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 
for stranded conductors. 

1. Type RHH and Type RHW-2: Comply with UL 44. 
2. Type USE-2 and Type SE: Comply with UL 854. 
3. Type THHN and Type THWN-2: Comply with UL 83. 
4. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83. 
5. Type XHHW-2: Comply with UL 44. 

2.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. Allowed Use Locations: Metal-clad cable, Type MC with ground shall be permitted when used 
as fixture whips ONLY, if the conductors are the same size as the branch circuit conductors, the 
cable is properly supported, and the length is kept to a 6 feet maximum. MC Cable may not rest 
on ceilings. 

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

1. General Cable Technologies Corporation. 
2. Okonite Company (The). 
3. Southwire Company. 

D. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. Comply with UL 1569. 
3. RoHS compliant. 
4. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

E. Circuits: 

1. Single circuit. 

F. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 
for stranded conductors. 
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G. Ground Conductor: Insulated. 

H. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

I. Armor: Steel, interlocked. 

J. Jacket: PVC applied over armor. 

2.3 FIRE-ALARM WIRE AND CABLE 

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

1. General Cable Technologies Corporation. 
2. Okonite Company (The). 
3. Southwire Company. 

B. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, 
Article 760. 

C. Signaling Line Circuits: Twisted, shielded pair, not less than No. 16 AWG. 

D. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded 
insulation, and complying with requirements in UL 2196 for a two-hour rating. 

1. Low-Voltage Circuits: No. 16 AWG, minimum, in raceway. 
2. Line-Voltage Circuits: No. 12 AWG, minimum, in raceway. 

2.4 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 
type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and use. 

B. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc diecast with set screws, 
designed to connect conductors specified in this Section. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper for feeders smaller than No. 3 AWG; copper or aluminum for feeders No. 3 
AWG and larger. Conductors shall be solid for No. 10 AWG and smaller; stranded for No. 8 
AWG and larger. 
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B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

C. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway.  

B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway. 

C. Feeders Concealed in Ceilings and Crawlspaces: Type THHN/THWN-2, single conductors in 
raceway.  

D. Feeders Concealed in Walls and Partitions: Type THHN/THWN-2, single conductors in 
raceway. 

E. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, 
single conductors in raceway. 

F. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors in 
raceway. 

G. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single 
conductors in raceway.  

H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 
Type THHN/THWN-2, single conductors in raceway. 

I. Fire Alarm Circuits: Type THHN/THWN-2, single conductors in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points prior to pulling 
conductors and cables. 

C. 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. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and 
follow surface contours where possible. 

F. Support cables according as required by other Specification sections. 



HGE #24043 LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 260519 - 5 

G. Seal around raceways and cables penetrating fire-rated elements according to Division 26 
Section "Sleeves and Sleeve Seals for Electrical Raceway and Cabling”. 

3.4 INSTALLATION OF FIRE-ALARM WIRING 

A. Comply with NECA 1 and NFPA 72. 

B. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as 
recommended by manufacturer. Install conductors parallel with or at right angles to sides and 
back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess. 
Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with 
fire-alarm 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. 

C. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabinets, or 
equipment enclosures where circuit connections are made. 

D. Color-Coding: Color-code fire-alarm conductors differently from the normal building power 
wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-
code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different 
colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes and covers 
red. 

1. Horns: Red + Black 
2. Strobes: White + Purple 
3. Alarms: Blue + Yellow 
4. Magnetic Doors: Pink + Grey 
5. Misc. Circuits: Violet + Tan 

E. Wiring to Remote Alarm Transmitting Device: 1-inch conduit between the fire-alarm control 
panel and the transmitter. Install number of conductors and electrical supervision for connecting 
wiring as needed to suit monitoring function. 

3.5 CONNECTIONS 

A. 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-486B. 

B. Make splices, terminations, 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, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches of slack. 

D. Prior to conduit/conductor routing to outlets, contractor shall request final verification of 
locations.  Outlets shall be allowed to be moved 10 feet prior to installation with no cost change. 
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E. Comply with requirements in accompanying Section on Fire Alarm Systems for connecting, 
terminating, and identifying wires and cables. 

3.6 IDENTIFICATION 

A. Identify and color-code conductors and cables according to requirements in accompanying 
Sections in this book of Specifications. 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor and identify as spare conductor. 

3.7 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with 
requirements in accompanying Sections in this book of Specifications. 

3.8 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to requirements in accompanying Sections 
in this book of Specifications. 

END OF SECTION 260519 
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Balanced twisted pair cabling hardware. 
2. RS-485 cabling. 
3. Low-voltage control cabling. 
4. Control-circuit conductors. 

1.2 DEFINITIONS 

A. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or 
for remote-control and signaling power-limited circuits. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 QUALITY ASSURANCE 

PART 2 - PRODUCTS 

2.1 PERFORMANCE 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. Flame Travel and Smoke Density in Plenums: As determined by testing identical products 
according to NFPA 262, by a qualified testing agency. Identify products for installation in 
plenums with appropriate markings of applicable testing agency. 

1. Flame Travel Distance: 60 inches or less. 
2. Peak Optical Smoke Density: 0.5 or less. 
3. Average Optical Smoke Density: 0.15 or less. 
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C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As 
determined by testing identical products according to UL 1666. 

D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum 
Building Spaces: As determined by testing identical products according to UL 1685. 

E. RoHS compliant. 

2.2 BALANCED TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper 
communications cable. 

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

1. AMP NETCONNECT; a TE Connectivity Ltd. company.  
2. Belden CDT Networking Division/NORDX.  
3. General Cable; General Cable Corporation.  
4. Hubbell Premise Wiring.  
5. Siemon Co. (The).  
6. Superior Essex Inc.  

C. General Requirements for Balanced Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 5e and/or Category 6 as applicable 
to product used. 

2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or 
tools. 

3. Cables shall be terminated with connecting hardware of same category or higher. 

D. Connecting Blocks: 110-style IDC for Category 5e or Category 6 as applicable Provide blocks 
for the number of cables terminated on the block, plus 20 percent spare, integral with connector 
bodies, including plugs and jacks where indicated. 

E. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each jack 
location for permanent termination of pair groups of installed cables. 

1. Features: 

a. Universal T568A and T568B wiring labels. 
b. Labeling areas adjacent to conductors. 
c. Replaceable connectors. 
d. 12, 24 or 48 ports. 

2. Construction: 16-gauge steel and mountable on 19-inch equipment racks or on wall-
mountable independent of an equipment rack. 

F. Patch Cords: Factory-made, four-pair cables in lengths necessary to connect equipment or as 
indicated on the Drawings; terminated with an eight-position modular plug at each end. 
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1. Patch cords shall have bend-relief-compliant and color-coded boots to ensure performance. 
Patch cords shall have latch guards to protect against snagging. 

G. Plugs and Plug Assemblies: 

1. Male; eight position; color-coded modular telecommunications connector designed for 
termination of a single four-pair 100-ohm unshielded or shielded balanced twisted pair 
cable. 

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and 
IEC 60603-7.5. 

3. Marked to indicate transmission performance. 

H. Jacks and Jack Assemblies: 

1. Female; eight position; modular; fixed telecommunications connector designed for 
termination of a single four-pair 100-ohm unshielded or shielded balanced twisted pair 
cable. 

2. Designed to snap-in to a patch panel or faceplate. 
3. Standards. 

a. Category 5e, unshielded balanced twisted pair cable shall comply with IEC 60603-
7-2. 

b. Category 5e, shielded balanced twisted pair cable shall comply with IEC 60603-7-
3. 

c. Category 6, unshielded balanced twisted pair cable shall comply with IEC 60603-7-
4. 

d. Category 6, shielded balanced twisted pair cable shall comply with IEC 60603-7.5. 

4. Marked to indicate transmission performance. 

I. Faceplate: 

1. Port quantity as indicated on the Drawings; vertical single gang faceplates designed to 
mount to single gang wall boxes. 

2. Plastic Faceplate: High-impact plastic. Coordinate color with Drawings and Architect 
3. Metal Faceplate: Stainless steel, complying with requirements in "Wiring Devices." 
4. For use with snap-in jacks accommodating any combination of balanced twisted pair, 

optical fiber, and coaxial work area cords. 

a. Flush mounting jacks, positioning the cord at a 45-degree angle. 

J. Legend: 

1. Machine printed, in the field, using adhesive-tape label. 
2. Snap-in, clear-label covers and machine-printed paper inserts. 

2.3 TWIN-AXIAL DATA HIGHWAY CABLE 

A. Plenum-Rated Cable: NFPA 70, Type CMP. 

1. Paired, One pair or as noted on Drawings, No. 18 AWG, stranded (7x32) tinned-copper 
conductors. 
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2. Plastic insulation. 
3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage. 
4. Plastic jacket. 
5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain 

wire. 
6. Flame Resistance: Comply with NFPA 262. 

2.4 RS-232 CABLE 

A. PVC-Jacketed, TIA 232-F: 

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors. 
2. Polypropylene insulation. 
3. Aluminum foil-polyester tape shield with 100 percent shield coverage. 
4. PVC jacket. 
5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper 

drain wire. 
6. NFPA 70 Type: Type CM. 
7. Flame Resistance: Comply with UL 1581. 

B. Plenum-Type, TIA 232-F: 

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors. 
2. PE insulation. 
3. Aluminum foil-polyester tape shield with 100 percent shield coverage. 
4. Fluorinated ethylene propylene jacket. 
5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper 

drain wire. 
6. Flame Resistance: Comply with NFPA 262. 

2.5 RS-485 CABLE 

A. Plenum-Rated Cable: NFPA 70, Type CMP. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 
2. Fluorinated ethylene propylene insulation. 
3. Unshielded. 
4. Fluorinated ethylene propylene jacket. 
5. Flame Resistance: NFPA 262. 

2.6 LOW-VOLTAGE CONTROL CABLE 

A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 

1. Multi-pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors. 
2. PVC insulation. 
3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance: Comply with NFPA 262. 
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2.7 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 
raceway. 

B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 
raceway. 

C. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, complying 
with UL 83 in raceway. 

D. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical 
Circuits: Circuit Integrity (CI) cable. 

1. Smoke control signaling and control circuits. 

2.8 FIRE-ALARM WIRE AND CABLE 

A. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, 
Article 760. 

B. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer. 

C. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded 
insulation, and complying with requirements in UL 2196 for a two-hour rating. 

1. Low-Voltage Circuits: No. 16 AWG, minimum, in raceway. 
2. Line-Voltage Circuits: No. 12 AWG, minimum, in raceway. 

2.9 SOURCE QUALITY CONTROL 

A. Factory test balanced twisted pair cables according to TIA-568-C.2. 

B. Cable will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Test balanced twisted pair cables on receipt at Project site. 

1. Test each pair of twisted pair cable for open and short circuits. 
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3.2 INSTALLATION OF RACEWAYS AND BOXES 

A. Comply with requirements in "Raceways and Boxes for Electrical Systems" for raceway selection 
and installation requirements for boxes, conduits, and wireways as supplemented or modified in 
this Section. 

1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and 
2-1/2 inches (64 mm) deep. 

2. Flexible metal conduit shall not be used. 

B. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends between 
pull points. 

C. Install manufactured conduit sweeps and long-radius elbows if possible. 

D. Raceway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is 
installed, or in the corner of the room if multiple sheets of plywood are installed around 
perimeter walls of the room. 

2. Install cable trays to route cables if conduits cannot be located in these positions. 
3. Secure conduits to backboard if entering the room from overhead. 
4. Extend conduits 4 inches above finished floor. 
5. Install metal conduits with grounding bushings and connect with grounding conductor to 

grounding system. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. General Requirements for Cabling: 

1. Comply with TIA-568-C Series of standards. 
2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." 
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 and shall be continuous from terminal to terminal. Do not splice 

cable between termination, tap, or junction points. 
5. Cables serving a common system may be grouped in a common raceway. Install network 

cabling and control wiring and cable in separate raceway from power wiring. Do not group 
conductors from different systems or different voltages. 

6. 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. 

7. 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." Install lacing bars and distribution spools. 

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard 
cable if damaged during installation and replace it with new cable. 

9. Cold-Weather Installation: Bring cable to room temperature before de-reeling. Do not use 
heat lamps for heating. 
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10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." 
Monitor cable pull tensions. 

11. Support: Do not allow cables to lay on removable ceiling tiles. 
12. Secure: Fasten securely in place with hardware specifically designed and installed so as to 

not damage cables. 
13. Provide strain relief. 
14. Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a 

radius less than 10 times the cable OD. Use sleeves or grommets to protect cables from 
vibration at points where they pass around sharp corners and through penetrations. 

15. Ground wire shall be copper, and grounding methods shall comply with IEEE C2. 
Demonstrate ground resistance. 

C. Balanced Twisted Pair Cable Installation: 

1. Comply with TIA-568-C.2. 
2. Install termination hardware as specified in "Communications Copper Horizontal Cabling" 

unless otherwise indicated. 
3. Do not untwist UTP cables more than 1/2 inch at the point of termination to maintain cable 

geometry. 

D. 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 30 inches apart. 

3. Cable shall not be run through or on structural members or in contact with pipes, ducts, or 
other potentially damaging items. Do not run cables between structural members and 
corrugated panels. 

E. Installation of Cable Routed Exposed under Raised Floors: 

1. Install plenum-rated cable only. 
2. Install cabling after the flooring system has been installed in raised floor areas. 
3. Below each feed point, neatly coil a minimum of 72 inches of cable in a coil not less than 

18 inches in diameter. 

3.4 REMOVAL OF CONDUCTORS AND CABLES 

A. Remove abandoned conductors and cables. Abandoned conductors and cables are those installed 
that are not terminated at equipment and are not identified with a tag for future use. 

3.5 CONTROL-CIRCUIT CONDUCTORS 

A. 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. 
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3.6 FIRESTOPPING 

A. Comply with TIA-569-D, Annex A, "Firestopping." 

B. Comply with BICSI TDMM, "Firestopping" Chapter. 

3.7 GROUNDING 

A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and 
Grounding (Earthing)" Chapter. 

B. For low-voltage control wiring and cabling, comply with requirements "Grounding and Bonding 
for Electrical Systems." 

3.8 IDENTIFICATION 

A. Comply with requirements for identification specified in "Identification for Electrical Systems." 

B. Identify data and communications system components, wiring, and cabling according to TIA-
606-B; label printers shall use label stocks, laminating adhesives, and inks complying with 
UL 969. 

C. Identify each wire on each end and at each terminal with a number-coded identification tag. Each 
wire shall have a unique tag. 

3.9 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Visually inspect cable jacket materials for UL or third-party certification markings. Inspect 
cabling terminations to confirm color-coding for pin assignments and inspect cabling 
connections to confirm compliance with TIA-568-C.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment, 
and patch cords, and labeling of all components. 

B. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

END OF SECTION 260523 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 
applications: 

1. Underground distribution grounding. 
2. Foundation steel electrodes. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Certified by NETA. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

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 UL 467 for grounding and bonding materials and equipment. 

2.2 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
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1. Burndy; Part of Hubbell Electrical Systems.  
2. ERICO; a brand of nVent.  
3. Galvan Industries, Inc.; Electrical Products Division, LLC.  
4. O-Z/Gedney; a brand of Emerson Industrial Automation.  
5. Thomas & Betts Corporation; A Member of the ABB Group.  

2.3 CONDUCTORS 

A. Insulated Conductors: Copper or tinned-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. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section, 
with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply 
with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at 5000 V. 

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

C. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals. 

D. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, 
tin-plated or silicon bronze bolts. 

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron. 

G. Conduit Hubs: Mechanical type, terminal with threaded hub. 

D. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 
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E. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

F. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw. 

G. Straps: Solid copper, copper lugs. Rated for 600 A. 

H. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 

I. Water Pipe Clamps: 

1. Mechanical type, two pieces with stainless-steel bolts. 

a. Material: Die-cast zinc alloy. 
b. Listed for direct burial. 

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct burial. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for 
No. 8 AWG and larger unless otherwise indicated. 

B. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and 
elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches above 
finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top 
of doorway, and down; connect to horizontal bus. 

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus. Install a main bonding jumper between the neutral and ground buses. 
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3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole 
floor, close to wall, and set rod depth so 4 inches will extend above finished floor. If necessary, 
install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper 
conductor from ground rod into manhole through a waterproof sleeve in manhole wall. Protect 
ground rods passing through concrete floor with a double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches above to 6 inches below concrete. 
Seal floor opening with waterproof, nonshrink grout. 

C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, 
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground 
rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded, hard-drawn 
copper bonding conductor. Train conductors level or plumb around corners and fasten to manhole 
walls. Connect to cable armor and cable shields according to written instructions by manufacturer 
of splicing and termination kits. 

D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the 
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with 
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding 
terminals. Bury ground ring not less than 6 inches from the foundation. 

3.4 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

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 Anti-frost 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. 

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. 
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F. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated 
equipment grounding conductor in addition to grounding conductor installed with branch-circuit 
conductors. 

3.5 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. 

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. Use exothermic welds for all below-grade connections. 
3. 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. 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. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 
is required, use a bolted clamp. 

D. 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; use a bolted 
clamp connector or bolt a lug-type connector to a pipe flange by 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. 

E. 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. 

F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column 
and at intermediate exterior columns at distances not more than 60 feet apart. 
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3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical 
connections with a calibrated torque wrench according to manufacturer's written 
instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal and at individual 
ground rods. Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer 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. 

C. Grounding system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms. 
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms. 
4. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohms. 
5. Substations and Pad-Mounted Equipment: 5 ohms. 
6. Manhole Grounds: 10 ohms. 

F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect 
promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

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. Steel slotted support systems. 
2. Aluminum slotted support systems. 
3. Conduit and cable support devices. 
4. Support for conductors in vertical conduit. 
5. Structural steel for fabricated supports and restraints. 
6. Mounting, anchoring, and attachment components, including powder-actuated fasteners, 

mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and 
hanger rods. 

7. Fabricated metal equipment support assemblies. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for the following: 

a. Slotted support systems, hardware, and accessories. 
b. Clamps. 
c. Hangers. 
d. Sockets. 
e. Eye nuts. 
f. Fasteners. 
g. Anchors. 
h. Saddles. 
i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 
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PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch- 
diameter holes at a maximum of 8 inches o.c. in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, undefined: 

a. Allied Tube & Conduit; a part of Atkore International.  
b. B-line, an Eaton business.  
c. Thomas & Betts Corporation; A Member of the ABB Group.  
d. Unistrut; Part of Atkore International.  

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
3. Material for Channel, Fittings, and Accessories: Galvanized steel. 
4. Channel Width: Selected for applicable load criteria. 
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-

4. 
6. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

B. Aluminum Slotted Support Systems: Extruded-aluminum channels and angles with minimum 
13/32-inch- diameter holes at a maximum of 8 inches o.c. in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, undefined: 

a. Cooper Industries, Inc.  
b. Thomas & Betts Corporation; A Member of the ABB Group.  
c. Unistrut; Part of Atkore International.  

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
3. Channel Material: 6063-T5 aluminum alloy. 
4. Fittings and Accessories Material: 5052-H32 aluminum alloy. 
5. Channel Width: Selected for applicable load criteria. 
6. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4. 
7. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

C. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed for 
types and sizes of raceway or cable to be supported. Cable-ties shall be of the Type 2S or Type 
21S per NEC 330.30(A). 

D. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for nonarmored 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 made of malleable iron. 

E. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, 
and bars; black and galvanized. 
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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. Manufacturers: Subject to compliance with requirements, undefined: 
1) Hilti, Inc.  
2) ITW Ramset/Red Head; Illinois Tool Works, Inc.  
3) MKT Fastening, LLC.  

2. Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in hardened 
portland cement concrete, with tension, shear, and pullout capacities appropriate for 
supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, undefined: 
1) B-line, an Eaton business.  
2) Hilti, Inc.  
3) ITW Ramset/Red Head; Illinois Tool Works, Inc.  
4) MKT Fastening, LLC.  

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS 
Type 18 units and comply with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM F 3125/F 
3125M, Grade A325. 

6. 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 Section 055000 "Metal Fabrications" for steel shapes 
and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with the following standards for application and installation requirements of hangers and 
supports, except where requirements on Drawings or in this Section are stricter: 

1) NECA 1. 
2) NECA 101 
3) NECA 102. 
4) NECA 105. 
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B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and 
Boxes for Electrical Systems." 

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for 
EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch in diameter. 

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 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. 

F. 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, according to 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: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-
69. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for 
reinforcing bars. 
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3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Section 055000 "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 Section 033000 "Cast-in-Place Concrete." 

C. Anchor equipment to concrete base as follows: 

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. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Nonmetallic conduits and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Boxes, enclosures, and cabinets. 
5. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. "Penetration Firestopping" for firestopping at conduit and box entrances. 
2. "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, 

manholes, and underground utility construction. 
3. "Pathways for Communications Systems" for conduits, wireways, surface pathways, 

innerduct, boxes, faceplate adapters, enclosures, cabinets, and handholes serving 
communications systems. 

1.3 DEFINITIONS 

A. ARC: Aluminum rigid conduit. 

B. GRC: Galvanized rigid steel conduit. 

C. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, 
and cabinets. 
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B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and 
attachment details. 

1.5 INFORMATIONAL SUBMITTALS 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Metal Conduit: 

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

a. Allied Tube & Conduit; a part of Atkore International.  
b. O-Z/Gedney; a brand of Emerson Industrial Automation.  
c. Southwire Company.  
d. Thomas & Betts Corporation; A Member of the ABB Group.  
e. Wheatland Tube Company.  

2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing 
agency, and marked for intended location and application. 

3. GRC: Comply with ANSI C80.1 and UL 6. 
4. IMC: Comply with ANSI C80.6 and UL 1242. 
5. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit. 

a. Comply with NEMA RN 1. 
b. Coating Thickness: 0.040 inch, minimum. 

 
6. EMT: Comply with ANSI C80.3 and UL 797. 
7. FMC: Comply with UL 1; zinc-coated steel. 
8. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

B. Metal Fittings: 

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

a. Allied Tube & Conduit; a part of Atkore International.  
b. O-Z/Gedney; a brand of Emerson Industrial Automation.  
c. Southwire Company.  
d. Thomas & Betts Corporation; A Member of the ABB Group.  
e. Wheatland Tube Company.  

2. Comply with NEMA FB 1 and UL 514B. 
3. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and application. 
4. Fittings, General: Listed and labeled for type of conduit, location, and use. 
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5. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and 
NFPA 70. 

6. Fittings for EMT: 

a. Material: Steel. 
b. Type: Setscrew or compression. 

7. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for 
environmental conditions where installed, and including flexible external bonding jumper. 

8. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with 
overlapping sleeves protecting threaded joints. 

C. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Nonmetallic Conduit: 

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

a. RACO; Hubbell.  
b. Thomas & Betts Corporation; A Member of the ABB Group.  
c. United Fiberglass.  

2. Listing and Labeling: Nonmetallic conduit shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and application. 

3. Fiberglass: 

a. Comply with NEMA TC 14. 
b. Comply with UL 2515 for aboveground raceways. 
c. Comply with UL 2420 for belowground raceways. 

4. ENT: Comply with NEMA TC 13 and UL 1653. 
5. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise 

indicated. 
6. LFNC: Comply with UL 1660. 

B. Nonmetallic Fittings: 

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

a. RACO; Hubbell.  
b. Thomas & Betts Corporation; A Member of the ABB Group.  
c. United Fiberglass.  

2. Fittings, General: Listed and labeled for type of conduit, location, and use. 
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3. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type 
and material. 

a. Fittings for LFNC: Comply with UL 514B. 

4. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

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

1. B-line, an Eaton business.  
2. Hoffman; a brand of nVent.  
3. MonoSystems, Inc.  

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 Type 3R unless 
otherwise indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Fittings and Accessories: Include covers, 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 Screw-cover type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. 

2.4 BOXES, ENCLOSURES, AND CABINETS 

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

1. Crouse-Hinds, an Eaton business.  
2. EGS/Appleton Electric.  
3. Hoffman; a brand of nVent.  
4. Hubbell Incorporated.  
5. O-Z/Gedney; a brand of Emerson Industrial Automation.  
6. RACO; Hubbell.  
7. Thomas & Betts Corporation; A Member of the ABB Group.  
8. Wiremold / Legrand.  

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 
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D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover. 

E. Nonmetallic Floor Boxes: Nonadjustable, rectangular or round, as indicated on Drawings. 

1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and application. 

F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. 
Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and 
marked for the maximum allowable weight. 

G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover. 

I. Device Box Dimensions: 4 inches square by 2-1/8 inches deep. 

J. Gangable boxes are allowed. 

K. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 Type 3R with 
continuous-hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel. 
2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

L. Cabinets: 

1. NEMA 250, Type 1 or Type 3R 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. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2.5 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. General Requirements for Handholes and Boxes: 

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application. 

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and 
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a 
combination of the two. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Armorcast Products Company.  
b. Oldcastle Enclosure Solutions.  
c. Quazite: Hubbell Power Systems, Inc.  

2. Standard: Comply with SCTE 77. 
3. Configuration: Designed for flush burial with closed bottom unless otherwise indicated. 
4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location. 
5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
6. Cover Legend: Molded lettering, "ELECTRIC.". 
7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 
8. Handholes 12 Inches Wide by 24 Inches Long and Larger: Have inserts for cable racks and 

pulling-in irons installed before concrete is poured. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit: GRC IMC. 
2. Concealed Conduit, Aboveground: GRC IMC EMT RNC, Type EPC-40-PVC. 
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried concrete encased. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFNC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage: EMT. 
2. Exposed, Not Subject to Severe Physical Damage: EMT. 
3. Exposed and Subject to Severe Physical Damage: IMC. Raceway locations include the 

following: 

a. Loading dock. 
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 
c. Mechanical rooms. 
d. Gymnasiums. 

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: IMC. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel 

in institutional and commercial kitchens and damp or wet locations. 
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C. Minimum Raceway Size: 3/4-inch trade size. 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type 
of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings. Use sealant recommended by fitting manufacturer and apply in 
thickness and number of coats recommended by manufacturer. 

3. EMT: Use setscrew or compression, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum 
raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve. 

F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 

G. Install surface raceways only where indicated on Drawings. 

H. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F. 

3.2 INSTALLATION 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
hangers and supports. 

B. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. 
Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and 
number of floors. 

C. Do not install raceways or electrical items on any "explosion-relief" walls or rotating equipment. 

D. Do not fasten conduits onto the bottom side of a metal deck roof. 

E. 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. 

F. Complete raceway installation before starting conductor installation. 

G. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

H. Install no more than the equivalent of three 90-degree bends in any conduit run except for control 
wiring conduits, for which fewer bends are allowed. Support within 12 inches of changes in 
direction. 

I. Make bends in raceway using large-radius preformed ells. Field bending shall be according to 
NFPA 70 minimum radii requirements. Use only equipment specifically designed for material 
and size involved. 
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J. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install 
conduits parallel or perpendicular to building lines. 

K. Support conduit within 12 inches of enclosures to which attached. 

L. 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. Secure 
raceways to reinforcement at maximum 10-foot intervals. 

2. Arrange raceways to cross building expansion joints at right angles with expansion fittings. 
3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all directions. 
4. Do not embed threadless fittings in concrete unless specifically approved by Architect for 

each specific location. 
5. Change from ENT to IMC before rising above floor. 

M. Stub-Ups to Above Recessed Ceilings: 

1. Use EMT, IMC, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

N. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed 
compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

O. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound 
prior to assembly. 

P. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to 
protect conductors including conductors smaller than No. 4 AWG. 

Q. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal 
bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated 
throat metal grounding bushings on service conduits. 

R. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts 
hand tight plus 1/4 turn more. 

S. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 

T. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter 
or a guide to make cut straight and perpendicular to the length. 

U. 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. Cap 
underground raceways designated as spare above grade alongside raceways in use. 

V. Surface Raceways: 
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1. Install surface raceway with a minimum 2-inch radius control at bend points. 
2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 

48 inches and with no less than two supports per straight raceway section. Support surface 
raceway according to manufacturer's written instructions. Tape and glue are not acceptable 
support methods. 

W. Install raceway sealing fittings at accessible locations according to NFPA 70 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 according to NFPA 70. 

X. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes 
are between the seal and the following changes of environments. Seal the interior of all raceways 
at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service raceway enters a building or structure. 
3. Conduit extending from interior to exterior of building. 
4. Conduit extending into pressurized duct and equipment. 
5. Conduit extending into pressurized zones that are automatically controlled to maintain 

different pressure set points. 
6. Where otherwise required by NFPA 70. 

Y. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 

Z. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F and that has straight-run length that exceeds 25 feet. Install 
in each run of aboveground RMC and EMT conduit that is located where environmental 
temperature change may exceed 100 deg F and that has straight-run length that exceeds 
100 feet. 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations: 

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 Outdoors without Physical Separation: 125 deg F 

temperature change. 
d. Attics: 135 deg F temperature change. 

3. 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 for PVC conduits. Install fitting(s) 
that provide expansion and contraction for at least 0.000078 inch per foot of length of 
straight run per deg F of temperature change for metal conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation. Install conduit supports to allow for expansion movement. 
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AA. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of 
flexible conduit for recessed and semirecessed luminaires, 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. 

BB. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements. Install boxes with height measured to center of box 
unless otherwise indicated. 

CC. 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. Prepare block surfaces to provide a flat surface for a 
raintight connection between box and cover plate or supported equipment and box. 

DD. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 

EE. Locate boxes so that cover or plate will not span different building finishes. 

FF. Support boxes of three gangs or more from more than one side by spanning two framing members 
or mounting on brackets specifically designed for the purpose. 

GG. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

HH. Set metal floor boxes level and flush with finished floor surface. 

II. Set nonmetallic floor boxes level. Trim after installation to fit 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 Section 312000 "Earth Moving" for pipe less than 6 inches in 
nominal diameter. 

2. Install backfill as specified in Section 312000 "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 Section 312000 "Earth Moving." 

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building 
entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts 
throughout length of elbow. 

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at 
building entrances through floor. 
 



HGE #24043 RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 11 

a. Couple steel conduits to ducts with adapters designed for this purpose and encase 
coupling with 3 inches of concrete for a minimum of 12 inches on each side of the 
coupling. 

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits 
penetrate building foundations, extend steel conduit horizontally a minimum of 
60 inches from edge of foundation or equipment base. Install insulated grounding 
bushings on terminations at equipment. 
 

6. Warning Planks: Bury warning planks approximately 12 inches above direct-buried 
conduits but a minimum of 6 inches below grade. Align planks along centerline of conduit. 

7. Underground Warning Tape: Comply with requirements in Section 260553 "Identification 
for Electrical Systems." 

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting conduits to minimize bends and deflections required for proper entrances. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of 
other enclosures 1 inch above finished grade. 

D. Install handholes with bottom below frost line  

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, 
as required for installation and support of cables and conductors and as indicated. Select arm 
lengths to be long enough to provide spare space for future cables but short enough to preserve 
adequate working clearances in enclosure. 

F. Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut 
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to 
be used, and seal around penetrations after fittings are installed. 

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with 
requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling." 

3.6 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping." 

3.7 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 
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1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
2. Repair damage to PVC coatings or paint finishes with matching touchup coating 

recommended by manufacturer. 

END OF SECTION 260533 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS 

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. Metal conduits and fittings, including GRC and PVC-coated steel conduit. 
2. Rigid nonmetallic duct. 
3. Flexible nonmetallic duct. 
4. Duct accessories. 
5. Precast concrete handholes. 
6. Polymer concrete handholes and boxes with polymer concrete cover. 
7. Fiberglass handholes and boxes with polymer concrete cover. 
8. Fiberglass handholes and boxes. 
9. High-density plastic boxes. 
10. Utility structure accessories. 

1.3 DEFINITIONS 

A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing 
materials such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a 
duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing materials. 
2. Multiple duct banks. 

D. GRC: Galvanized rigid (steel) conduit. 

E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 
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1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include duct-bank materials, including spacers and miscellaneous components. 
2. Include duct, conduits, and their accessories, including elbows, end bells, bends, fittings, 

and solvent cement. 
3. Include accessories for handholes, boxes , and other utility structures. 
4. Include underground-line warning tape. 
5. Include warning planks. 

B. Shop Drawings: 

1. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete: 

a. Include dimensioned plans, sections, and elevations, and fabrication and 
installation details. 

b. Include duct entry provisions, including locations and duct sizes. 
c. Include cover design. 
d. Include grounding details. 
e. Include dimensioned locations of cable rack inserts, and pulling-in and lifting 

irons. 

1.5 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 

B. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated. 

1.7 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions, and then only 
after arranging to provide temporary electrical service according to requirements indicated: 

1. Notify Construction Manager no fewer than fourteen days in advance of proposed 
interruption of electrical service. 

2. Do not proceed with interruption of electrical service without the Construction Manager's 
written permission. 

B. Ground Water: Assume ground-water level is 24 inches (61 cm) below ground surface unless a 
higher water table is noted on Drawings. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND FITTINGS 

A. GRC: Comply with ANSI C80.1 and UL 6. 

B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and 
marked for intended location and application. 

2.2 RIGID NONMETALLIC DUCT 

A. Underground Plastic Utilities Duct: Type EB-20 PVC RNC, complying with NEMA TC 6 & 8, 
ASTM F512, and UL 651, with matching fittings complying with NEMA TC 9 by same 
manufacturer as duct. 

B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and 
marked for intended location and application. 

C. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.3 DUCT ACCESSORIES 

A. Underground-Line Warning Tape: Comply with requirements for underground-line warning 
tape specified in Section 260553 "Identification for Electrical Systems." 

2.4 PRECAST CONCRETE HANDHOLES AND BOXES 

A. Description: Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom 
unless open-bottom enclosures are indicated. Frame and cover shall form top of enclosure and 
shall have load rating consistent with that of handhole or box. 

B. Comply with ASTM C858 for design and manufacturing processes. 

C. Frame and Cover: Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook 
eyes and tamper-resistant, captive, cover-securing bolts. 

D. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

E. Cover Legend: Molded lettering, as indicated for each service. 

F. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

G. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as enclosure. 

1. Extension shall provide increased depth of [12 inches (300 mm)]. 
2. Slab: Same dimensions as bottom of enclosure and arranged to provide closure. 
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H. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability 
properties necessary to withstand maximum hydrostatic pressures at the installation location 
with the ground-water level at grade. 

2.5 FIBERGLASS HANDHOLES AND BOXES 

A. Description: Molded of fiberglass-reinforced polyester resin, with covers made of polymer 
concrete. 

B. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

C. Color: Green. 

D. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

E. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

F. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

G. Cover Legend: Molded lettering, as indicated for each service. 

H. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-
bell fittings, selected to suit box material, sized for wiring indicated, and arranged for secure, 
fixed installation in enclosure wall. 

I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, 
fixed installation in enclosure wall. 

2.6 UTILITY STRUCTURE ACCESSORIES 

A. Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared, 
threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-
inch (13-mm) ID by 2-3/4 inches (69 mm) deep, flared to 1-1/4 inches (31 mm) minimum at 
base. 

1. Tested Ultimate Pullout Strength: 12,000 lbf (53 kN) minimum. 

B. Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge type 
with stainless-steel expander clip with 1/2-inch (13-mm) bolt, 5300-lbf (24-kN) rated pullout 
strength, and minimum 6800-lbf (30-kN) rated shear strength. 

C. Cable Rack Assembly: Nonmetallic. Components fabricated from nonconductive, fiberglass-
reinforced polymer. 

1. Stanchions: Nominal 36 inches (900 mm) high by 4 inches (100 mm) wide, with 
provisions to connect to other sections to form a continuous unit, with minimum of nine 
holes for arm attachment. 
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2. Arms: Arranged for secure, drop-in attachment in horizontal position at any location on 
cable stanchions, and capable of being locked in position. Arms shall be available in 
lengths ranging from 3 inches (75 mm) with 450-lb (204-kg) minimum capacity to 20 
inches (500 mm) with 250-lb (114-kg) minimum capacity. Top of arm shall be nominally 
4 inches (100 mm) wide, and arm shall have slots along full length for cable ties. 

D. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to 
cable insulation, and workable at temperatures as low as 35 deg F (2 deg C). Capable of 
withstanding temperature of 300 deg F (150 deg C) without slump and adhering to clean 
surfaces of plastic ducts, metallic conduit, conduit and duct coatings, concrete, masonry, lead, 
cable sheaths, cable jackets, insulation materials, and common metals. 

2.7 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to ASTM C1037. 

B. Nonconcrete Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes 
for compliance with SCTE 77. Strength tests shall be for specified tier ratings of products 
supplied. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. 
Notify Architect if there is a conflict between areas of excavation and existing structures or 
archaeological sites to remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of duct and duct banks, as determined by coordination with 
other utilities, underground obstructions, and surface features. Revise locations and elevations 
as required to suit field conditions and to ensure that duct and duct bank will drain to manholes 
and handholes, and as approved by Architect. 

C. Clear and grub vegetation to be removed and protect vegetation to remain according to 
Section 311000 "Site Clearing." Remove and stockpile topsoil for reapplication according to 
Section 311000 "Site Clearing." 

3.2 UNDERGROUND DUCT APPLICATION 

A. Duct for Electrical Feeders 600 V and Less: Type EPC-80-PVC, direct-buried unless otherwise 
indicated. 

B. Duct for Electrical Branch Circuits: Type EPC-40-PVC, direct-buried unless otherwise 
indicated. 

C. Bored Underground Duct: Type EPEC-80-HDPE unless otherwise indicated. 
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D. Underground Ducts Crossing Paved Paths and Driveways, Roadways: Type EPC-40 PVC RNC, 
encased in reinforced concrete. 

E. Stub-ups: RNC. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 

1. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles: Polymer concrete, SCTE 77, Tier 15 
structural load rating. 

2. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester 
resin, structurally tested according to SCTE 77 with 3000-lbf (13 345-N) vertical loading. 

3. Cover design load shall not exceed the design load of the handhole or box. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment. 

B. Restoration: Replace area immediately after backfilling is completed or after construction 
vehicle traffic in immediate area is complete. 

C. Restore surface features at areas disturbed by excavation, and re-establish original grades unless 
otherwise indicated. Replace removed sod immediately after backfilling is completed. 

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching. Comply with Section 329200 "Turf and Grasses" and Section 329300 "Plants." 

E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground 
structures according to "Cutting and Patching" Article in Section 017300 "Execution." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank 
configuration shown. Duct installation requirements in this Section also apply to duct bank. 

B. Install duct according to NEMA TCB 2. 

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away 
from buildings and equipment. Slope duct from a high point between two manholes, to drain in 
both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use 
manufactured long sweep bends with a minimum radius of 48 inches (1200 mm), both 
horizontally and vertically, at other locations unless otherwise indicated. 
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1. Duct shall have maximum of two 90 degree bends or the total of all bends shall be no 
more 180 degrees between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to 
manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in 
same plane. 

F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed parallel to 
underground steam lines, perform calculations showing the duct will not be subject to 
environmental temperatures above 40 deg C. Where environmental temperatures are calculated 
to rise above 40 deg C, and anywhere the duct crosses above an underground steam line, install 
insulation blankets listed for direct burial to isolate the duct bank from the steam line. 

G. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, 
spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) duct, and vary 
proportionately for other duct sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell, 
without reducing duct slope and without forming a trap in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 
in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line direct-buried duct with calculated expansion of more 
than 3/4 inch (19 mm). 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

H. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use 
manufactured, cast-in-place duct terminators, with entrances into structure spaced 
approximately 6 inches (150 mm) o.c. for 4-inch (100-mm) duct, and vary proportionately for 
other duct sizes. 

1. Begin change from regular spacing to terminator spacing 10 feet (3 m) from the 
terminator, without reducing duct line slope and without forming a trap in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 
in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line duct with calculated expansion of more than 3/4 inch 
(19 mm). 

I. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at 
terminations. Use sealing compound and plugs to withstand at least 15-psig (1.03-MPa) 
hydrostatic pressure. 

J. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts. 

K. Direct-Buried Duct and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct. Comply with 
requirements in Section 312000 "Earth Moving" for preparation of trench bottoms for 
pipes less than 6 inches (150 mm) in nominal diameter. 

2. Width: Excavate trench 12 inches (300 mm) wider than duct on each side. 
3. Width: Excavate trench 3 inches (75 mm) wider than duct on each side. 
4. Depth: Install top of duct at least 36 inches (900 mm) below finished grade unless 

otherwise indicated. 
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5. Set elevation of bottom of duct bank below frost line. 
6. Support ducts on duct spacers coordinated with duct size, duct spacing, and outdoor 

temperature. 
7. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, 

with not less than four spacers per 20 feet (6 m) of duct. Place spacers within 24 inches 
(600 mm) of duct ends. Stagger spacers approximately 6 inches (150 mm) between tiers. 
Secure spacers to earth and to ducts to prevent floating during concreting. Tie entire 
assembly together using fabric straps; do not use tie wires or reinforcing steel that may 
form conductive or magnetic loops around ducts or duct groups. 

8. Install duct with a minimum of 3 inches (75 mm) between ducts for like services and 6 
inches (150 mm) between power and communications duct. 

9. Elbows: Install manufactured duct elbows for stub-ups, at building entrances, and at 
changes of direction in duct direction unless otherwise indicated. Encase elbows for stub-
up ducts throughout length of elbow. 

10. After installing first tier of duct, backfill and compact. Start at tie-in point and work 
toward end of duct run, leaving ducts at end of run free to move with expansion and 
contraction as temperature changes during this process. Repeat procedure after placing 
each tier. After placing last tier, hand place backfill to 4 inches (100 mm) over duct and 
hand tamp. Firmly tamp backfill around ducts to provide maximum supporting strength. 
Use hand tamper only. After placing controlled backfill over final tier, make final duct 
connections at end of run and complete backfilling with normal compaction. Comply 
with requirements in Section 312000 "Earth Moving" for installation of backfill 
materials. 

a. Place minimum 3 inches (75 mm) of sand as a bed for duct. Place sand to a 
minimum of 6 inches (150 mm) above top level of duct. 

b. Place minimum 6 inches (150 mm) of engineered fill above concrete encasement 
of duct. 

L. Underground-Line Warning Tape: Bury conducting underground line specified in 
Section 260553 "Identification for Electrical Systems" no less than 12 inches (300 mm) above 
all concrete-encased duct and duct banks and approximately 12 inches (300 mm) below grade. 
Align tape parallel to and within 3 inches (75 mm) of centerline of duct bank. Provide an 
additional warning tape for each 12-inch (300-mm) increment of duct-bank width over a 
nominal 18 inches (450 mm). Space additional tapes 12 inches (300 mm) apart, horizontally. 

3.6 INSTALLATION OF CONCRETE HANDHOLES, AND BOXES 

A. Precast Concrete Handhole Installation: 

1. Comply with ASTM C891 unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with connecting 

duct, to minimize bends and deflections required for proper entrances. 
3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 

graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same 
density as adjacent undisturbed earth. 

B. Elevations: 

1. Install handholes with bottom below grade. 
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2. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. 
Set covers of other handholes 1 inch (25 mm) above finished grade. 

3. Where indicated, cast handhole cover frame integrally with handhole structure. 

C. Dampproofing: Apply dampproofing to exterior surfaces of manholes after concrete has cured 
at least three days. Dampproofing materials and installation are specified in Section 071113 
"Bituminous Dampproofing." After ducts are connected and grouted, and before backfilling, 
dampproof joints and connections, and touch up abrasions and scars. Dampproof exterior of 
manhole chimneys after mortar has cured at least three days. 

D. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable 
arms, as required for installation and support of cables and conductors and as indicated. 

3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting duct, to minimize bends and deflections required for proper entrances. Use box 
extension if required to match depths of duct, and seal joint between box and extension as 
recommended by manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent 
undisturbed earth. 

C. Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of 
other handholes 1 inch (25 mm) above finished grade. 

D. Install handholes and boxes with bottom below grade. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, 
as required for installation and support of cables and conductors and as indicated. Select arm 
lengths to be long enough to provide spare space for future cables, but short enough to preserve 
adequate working clearances in enclosure. 

F. Field cut openings for duct according to enclosure manufacturer's written instructions. Cut wall 
of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be 
used, and seal around penetrations after fittings are installed. 

G. For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-
vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and 
with top surface screeded to top of box cover frame. Bottom of ring shall rest on compacted 
earth. 

1. Concrete: 3000 psi (20 kPa), 28-day strength, complying with Section 033000 "Cast-in-
Place Concrete," with a troweled finish. 

2. Dimensions: 10 inches wide by 12 inches deep (250 mm wide by 300 mm deep). 
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3.8 GROUNDING 

A. Ground underground ducts and utility structures according to Section 260526 "Grounding and 
Bonding for Electrical Systems." 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Demonstrate capability and compliance with requirements on completion of installation 
of underground duct, duct bank, and utility structures. 

2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and 
adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-
mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are 
indicated, remove obstructions and retest. 

3. Test handhole grounding to ensure electrical continuity of grounding and bonding 
connections. Measure and report ground resistance as specified in Section 260526 
"Grounding and Bonding for Electrical Systems." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

C. Prepare test and inspection reports. 

3.10 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct 
until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for 
final cleaning and to assist in spreading lubricant throughout ducts. 

B. Clean internal surfaces of handholes. 

1. Removing dirt and debris. 
2. Remove foreign material. 

END OF SECTION 260543 



HGE #24043 SLEEVES AND SLEEVE SEALS FOR RACEWAYS AND CABLING 260544 - 1 

FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR RACEWAYS AND CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 
5. Silicone sealants. 

B. Related Requirements: 

1. "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated 
walls, horizontal assemblies, and smoke barriers, with and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain 
ends. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel 
sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with 
tabs for screw-fastening the sleeve to the board. 



HGE #24043 SLEEVES AND SLEEVE SEALS FOR RACEWAYS AND CABLING 260544 - 2 

C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40. 

2.2 SLEEVE-SEAL SYSTEMS 

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, provide products by one of the 
following: 

a. Advance Products & Systems, Inc.  
b. Metraflex Company (The).  
c. Pipeline Seal and Insulator, Inc.  

2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include 
type and number required for pipe material and size of pipe. 

3. Pressure Plates: Carbon steel. 
4. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length 

required to secure pressure plates to sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in 
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to 
match piping OD. 

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

a. Emerson 
b. Innerlynx, Eaton Crouse-Hinds, a Cooper Industries Company 
c. Link-Seal, GPT an EnPro Industries Company 
d. Metraflex 

2.4 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated 
walls or floors. 

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

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 
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2.5 SILICONE SEALANTS 

A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade 
indicated below. 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal 
surfaces that are not fire rated. 

2. Sealant shall have a VOC content of 50 g/L or less. 

B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and 
cure in place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit 
Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and raceway or cable, using joint sealant 
appropriate for size, depth, and location of joint. Comply with requirements in 
Section 079200 "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly 
between sleeve and wall so no voids remain. Tool exposed surfaces smooth; protect 
material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 
3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or 

cable unless sleeve seal is to be installed. 
4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. 

Install sleeves during erection of walls. Cut sleeves to length for mounting flush with both 
surfaces of walls. Deburr after cutting. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved 
opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies. 

E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-
type flashing units applied in coordination with roofing work. 

http://www.arcomnet.com/sustainable_design.aspx?topic=76
http://www.arcomnet.com/sustainable_design.aspx?topic=76
http://www.arcomnet.com/sustainable_design.aspx?topic=76
http://www.arcomnet.com/sustainable_design.aspx?topic=76
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F. 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. 

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to 
allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-
seal system. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

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

B. Install 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. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. 
Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

END OF SECTION 260544 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and signs. 
2. Labels. 
3. Bands and tubes. 
4. Tapes and stencils. 
5. Tags. 
6. Signs. 
7. Cable ties. 
8. Paint for identification. 
9. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 and IEEE C2. 

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. Comply with NFPA 70E requirements for arc-flash warning labels. 
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F. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used 
by label printers, shall comply with UL 969. 

G. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 

1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material 
surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Color-Coding for Phase- Identification, 600 V or Less: Use colors listed below for ungrounded 
service, feeder and branch-circuit conductors. 

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if 
authorities having jurisdiction permit. 

2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Color for Neutral: White . 
4. Color for Equipment Grounds: Bare copper, Green, or Green with a yellow stripe. 

B. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 

C. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

D. Equipment Identification Labels: 

1. White letters on a Black field. 

2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends. 

B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with 
diameters sized to suit diameter and that stay in place by gripping action. 

C. Self-Adhesive Wraparound Labels: Preprinted, 3-mil thick, vinyl flexible label with acrylic 
pressure-sensitive adhesive. 
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1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective 
shield over the legend. Labels sized such that the clear shield overlaps the entire printed 
legend. 

2. Marker for Labels: Machine-printed, permanent, waterproof, black ink recommended by 
printer manufacturer. 

D. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3.5-mil thick, multicolor, weather- and 
UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location. 

1. Minimum Nominal Size: 

a. 1-1/2 by 6 inches for raceway and conductors. 
b. 3-1/2 by 5 inches for equipment. 
c. As required by authorities having jurisdiction. 

2.4 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
thick by 1 to 2 inches wide; compounded for outdoor use. 

C. Tape and Stencil: 4-inch- wide black stripes on 10-inch centers placed diagonally over orange 
background and is 12 inches  wide. Stop stripes at legends. 

D. Floor Marking Tape: 2-inch- wide, 5-mil pressure-sensitive vinyl tape, with yellow and black 
stripes and clear vinyl overlay. 

E. Underground-Line Warning Tape: 

1. Tape: 

a. Recommended by manufacturer for the method of installation and suitable to 
identify and locate underground electrical and communications  lines. 

b. Printing on tape shall be permanent and shall not be damaged by burial operations. 
c. Tape material and ink shall be chemically inert and not subject to degradation when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 

2. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and 
ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE"  
c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE". 

3. Description: 

a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, 
a solid aluminum-foil core, and a clear protective film that allows inspection of the 
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continuity of the conductive core; bright colored, compounded for direct-burial 
service. 

b. Width: 3 inches. 
c. Overall Thickness: 5 mils. 
d. Foil Core Thickness: 0.35 mil. 
e. Weight: 28 lb/1000 sq. ft. 
f. Tensile according to ASTM D882: 70 lbf and 4600 psi. 

F. Stenciled Legend: In nonfading, waterproof, black ink, or paint. Minimum letter height shall be 
1 inch. 

2.5 SIGNS 

A. Laminated Acrylic or Melamine Plastic Signs: 
1. Engraved legend. 
2. Thickness: 

a. For signs up to 20 sq. in., minimum 1/16 inch thick. 
b. For signs larger than 20 sq. in., 1/8 inch thick. 
c. Engraved legend with black letters on white face  
d. Punched or drilled for mechanical fasteners with 1/4-inch grommets in corners for 

mounting. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.6 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and 
Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black, except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black. 

C. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 7000 psi (48.2 MPa). 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 
5. Color: Black. 



HGE #24043 IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 5 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain 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 and flat and lock washers. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Equipment to Be Labeled (Laminated Acrylic or Melamine Plastic): 

a. Panelboards, electrical cabinets, and enclosures. 
b. Electrical switchgear and switchboards. 
c. Disconnect switches. 
d. Enclosed circuit breakers. 
e. Motor starters. 
f. Push-button stations. 
g. Power transfer equipment. 
h. Contactors. 

B. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

D. Verify identity of each item before installing identification products. 

E. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

F. Apply identification devices to surfaces that require finish after completing finish work. 

G. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 

H. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended by 
manufacturer of identification product. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and 
signal connections. 
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J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 
background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at 
equipment used for power transfer and/or any emergency operations. 

K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing 
from the floor. 

L. Vinyl Wraparound Labels: 

1. Secure tight to surface at a location with high visibility and accessibility. 
2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive appropriate 

to the location and substrate. 

M. Snap-around Labels: Secure tight to surface at a location with high visibility and accessibility. 

N. Self-Adhesive Wraparound Labels: Secure tight to surface of raceway or cable at a location with 
high visibility and accessibility. 

O. Self-Adhesive Labels: 

1. On each unit of equipment, install unique designation label that is consistent with wiring 
diagrams, schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 
2 inches (50 mm) high. 

P. Snap-around Color-Coding Bands: Secure tight to surface at a location with high visibility and 
accessibility. 

Q. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and 
accessibility. 

R. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

S. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum 
distance of 6 inches (150 mm) where splices or taps are made. Apply last two turns of tape 
with no tension to prevent possible unwinding. 

T. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and 
paint application. 

U. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written 
instructions. 

V. Underground Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning tape directly 
above cable or raceway at 6 to 8 inches (150 to 200 mm) below finished grade. Use multiple 
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tapes where width of multiple lines installed in a common trench or concrete envelope 
exceeds 16 inches (400 mm) overall. 

2. Install underground-line warning tape for direct-buried cables and cables in raceways. 

W. Write-on Tags: 

1. Place in a location with high visibility and accessibility. 

X. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on minimum 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, 
use signs minimum 2 inches (50 mm) high. 

Y. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

3.2 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations of high visibility. Identify by system and circuit designation. 

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use self-adhesive wraparound labels to identify the 
phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot 
(15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in 
congested areas. 

D. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
manholes, and handholes, use write-on tags self-adhesive wraparound labels with the conductor 
or cable designation, origin, and destination. 

E. Control-Circuit Conductor Termination Identification: For identification at terminations, provide 
heat-shrink preprinted tubes with the conductor designation. 

F. Auxiliary Electrical Systems Conductor Identification: Self-adhesive vinyl tape that is uniform 
and consistent with system used by manufacturer for factory-installed connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation. 
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G. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

H. Workspace Indication: Apply floor marking tape and stencil] to finished surfaces. Show working 
clearances in the direction of access to live parts. Workspace shall comply with NFPA 70 and 
29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and 
similar equipment in finished spaces. 

I. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded 
conductors. 

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Baked-
enamel warning signs. 

1. Apply to exterior of door, cover, or other access. 
2. 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. 

K. Arc Flash Warning Labeling: Self-adhesive labels. 

L. Operating Instruction Signs: Laminated acrylic or melamine plastic signs. 

M. Emergency Operating Instruction Signs: Laminated acrylic or melamine plastic signs with white 
legend on a red background with minimum 3/8-inch- (10-mm-) high letters for emergency 
instructions at equipment used for power transfer and other emergency operations. 

N. Equipment Identification Labels: 

1. Indoor Equipment: Laminated acrylic or melamine plastic sign. 
2. Outdoor Equipment: Laminated acrylic or melamine sign. 

END OF SECTION 260553 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 260923 - LIGHTING CONTROL DEVICES 

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. Switchbox-mounted occupancy sensors. 
2. Conductors and Cables 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, and manual light switches. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Show installation details for the following: 

a. Occupancy sensors. 
b. Vacancy sensors. 

2. Interconnection diagrams showing field-installed wiring. 
3. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Sample Warranty: For manufacturer's warranties. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of lighting control device to include in 
operation and maintenance manuals. 

B. Hardware and Firmware Operational Documentation: 

1. Hardware operating and upgrade manuals. 

1.6 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to replace lighting control devices 
that fail(s) in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Faulty operation of lighting control software. 
b. Faulty operation of lighting control devices. 

2. Warranty Period: Two year(s) from date of Substantial Completion and consisting of a 
one for one device replacement. 

PART 2 - PRODUCTS 

2.1 SWITCHBOX-MOUNTED OCCUPANCY SENSORS 

A. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-
off switch, suitable for mounting in a single gang switchbox using hardwired connection. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage 
area is occupied, and turn lights off when unoccupied; with a time delay for turning lights 
off, adjustable over a minimum range of 1 to 20 minutes. 

3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F (0 to 49 deg C). 
4. Switch Rating: Not less than 1000-VA LED load at 120 V, 1200-VA LED load at 277 V. 

B. Wall-Switch Sensor: 

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a 
minimum coverage area of 2100 sq. ft (196 sq. m). 

2. Sensing Technology: Dual technology. 
3. Switch Type: SP, manual "on," automatic "off." 
4. Capable of controlling load in three-way application. 
5. Voltage: Dual voltage - 120 and 277 V. 
6. Concealed, field-adjustable, "off" time-delay selector at up to 20 minutes. 
7. Color: Coordinate color of switch and faceplate requirements with Section 262726 

“Wiring Devices”. 
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2.2 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 
AWG. Comply with requirements in Section 260519 "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 Section 260519 "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 Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine lighting control devices before installation. Reject lighting control devices that are 
wet, moisture damaged, or mold damaged. 

B. Examine walls and ceilings for suitable conditions where lighting control devices will be 
installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 WIRING INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." Minimum conduit size is 1/2 inch (13 mm) when installed in inaccessible spaces. 
Utilizing adjacent line voltage power conduit is acceptable providing that insulation 
requirements are maintained (600V). Exposed conductors in accessible spaces is acceptable 
when proper cabling installation techniques are utilized. 

C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-
limited conductors according to conductor manufacturer's written instructions. 

D. Size conductors according to lighting control device manufacturer's written instructions unless 
otherwise indicated. 

E. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

F. Provide written or computer-generated documentation on the configuration of the system 
including room by room description including: 
1. Sensor parameters, time delays, sensitivities, and daylighting setpoints. 
2. Sequence of operation, (e.g. manual ON, Auto OFF. etc.) 
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3. Load Parameters (e.g. blink warning, etc.) 

3.3 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 "Identification 
for Electrical Systems." 

1. Identify circuits or luminaires controlled by photoelectric and occupancy sensors at each 
sensor. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

1. Operational Test: After installing time switches and sensors, and after electrical circuitry 
has been energized, start units to confirm proper unit operation. 

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

B. Tests and Inspections: Manufacturer's service representative shall perform the following 
inspections and prepare reports. 

1. Verify Class I and II wiring connections are terminated properly by validating system 
performance. 

2. Verify that the control of each space complies with the Sequence of Operation. 
3. Correct any system issues and retest. 

C. Lighting control devices will be considered defective if they do not pass tests and inspections. 

D. Provide a report in table format with drawings or using a software file that can be opened in the 
manufacturer's system software including each room or space that has lighting control installed. 
Indicate the following: 

1. Date of test or inspection. 
2. Quantity and Type of each device installed 
3. Reports providing each device's settings. 

3.5 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting lighting control devices to suit actual 
occupied conditions. Provide up to two visits to Project during other-than-normal occupancy 
hours for this purpose. 

1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set 
time delay to suit Owner's operations. 
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3.6 FIRMWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall include 
firmware support for two years. 

END OF SECTION 260923 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 26 09 43 - DISTRIBUTED INTELLIGENCE BASED LIGHTING CONTROL 

PART  1  GENERAL 

1.1  SECTION INCLUDES 

A.  Distributed Digital Lighting Control System: System includes 
1.  Digital Lighting Controls 

1.2  RELATED SECTIONS 

A.  Section 26 51 19 – LED Interior Lighting. 

B.  Section 26 56 19 – LED Exterior Lighting. 

C.  Section 26 52 13 - Emergency and Exit Lighting. 

1.3  REFERENCES 

A.  NFPA 70 - National Electrical Code; National Fire Protection Association. 

B.  NEMA - National Electrical Manufacturers Association 

C.  FCC emission standards 

D.  UL - Underwriters Laboratories, Inc. Listings 

E.  UL 20 - General Use Switches, Plug Load Controls 

F.  UL 924 - Standard for Emergency Lighting and Power Equipment 

1.4  DESIGN / PERFORMANCE REQUIREMENTS 

A.  Digital Lighting Management System shall accommodate the square-footage coverage 
requirements for each area controlled, utilizing room controllers, digital occupancy sensors, switches, 
daylighting sensors and accessories that suit the required lighting and electrical system parameters. 

B.  System shall conform to requirements of NFPA 70. 

C.  System shall comply with FCC emission standards specified in part 15, sub-part J for 
commercial and residential application. 

D.  System shall be listed under UL sections 916 and/or 508. 

1.5  SUBMITTALS 

A.  Submit under provisions of Section 01 30 00 - Administrative Requirements. 

B.  Product Data: Manufacturer's data sheets on each product to be used, including: 
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1.  Catalog sheets and specifications. 
2.  Ratings, configurations, standard wiring diagrams, dimensions, colors, service 

condition requirements, and installed features. 
3.  Storage and handling requirements and recommendations. 
4.  Installation instructions. 

C.  Shop Drawings: Wiring diagrams for the various components of the System specified 
including: 
1.  Composite wiring and/or schematic diagram of each control circuit as proposed to be 

installed. 
2.  Show location of all devices, including at minimum sensors, load controllers, and 

switches/dimmers for each area on reflected ceiling plans. 
3.  Provide room/area details including products and sequence of operation for each room 

or area. Illustrate typical acceptable room/area connection topologies. 
4.  Network riser diagram including floor and building level details. Include network 

cable specification. Illustrate points of connection to integrated systems. Coordinate 
integration with mechanical and/or other trades. 

D.  Manufacturer's Certificates: Certify products meet or exceed specified requirements. 

E.  Closeout Submittals: 
1.  Project Record Documents: Record actual installed locations and settings for lighting 

control devices. 
2.  Operation and Maintenance Manual: 

a.  Include approved Shop Drawings and Product Data. 
b.  Include Sequence of Operation, identifying operation for each room or space. 
c.  Include manufacturer's maintenance information. 
d.  Operation and Maintenance Data: Include detailed information on device 

programming and setup. 
e.  Include startup and test reports. 

1.6  QUALITY ASSURANCE 

A.  Manufacturer Qualifications: Company specializing in manufacturing of centralized and 
distributed lighting control systems with a minimum of 10 years documented experience. 

1.7  PRE-INSTALLATION MEETINGS 

A.  Convene minimum two weeks prior to commencing Work of this section. Meeting to be 
attended by Contractor, Architect, system installer, factory authorized manufacturer's 
representative, and representative of all trades related to the system installation. 

B.  Review installation procedures and coordination required with related Work and the 
following: 
1.  Confirm the location and mounting of all devices, with special attention to placement 

of switches, dimmers, and any sensors. 
2.  Review the specifications for low voltage control wiring and termination. 
3.  Discuss the functionality and configuration of all products, including sequences of 

operation, per design requirements. 
4.  Discuss requirements for integration with other trades 

C.  Inspect and make notes of job conditions prior to installation: 
1.  Record minutes of the conference and provide copies to all parties present. 
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2.  Identify all outstanding issues in writing designating the responsible party for follow-
up action and the timetable for completion. 

3.  Installation shall not begin until all outstanding issues are resolved to the satisfaction 
of the Architect. 

1.8  DELIVERY, STORAGE, AND HANDLING 

A.  Store products in a clean, dry space in original manufacturer's packaging in accordance with 
manufacturer's written instructions until ready for installation 

1.9  PROJECT CONDITIONS 

A.  Maintain environmental conditions (temperature, humidity, and ventilation) within limits 
recommended by manufacturer for optimum results. Do not install products under 
environmental conditions outside manufacturer's absolute limits. 

B.  Do not install equipment until following conditions can be maintained in spaces to receive 
equipment: 
1.  Ambient temperature: 32 to 104 degrees F (0 to 40 degrees C). 
2.  Relative humidity: Maximum 90 percent, non-condensing. 

1.10  WARRANTY 

A.  Manufacturer shall provide a 5 year limited warranty on products within this installation, 
except where otherwise noted, and consisting of a one for one device replacement. 

PART  2  PRODUCTS 

2.1  MANUFACTURERS 

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

1)  WattStopper, a division of Legrand North America, LLC. 
2)  nLIGHT, a division of Acuity Brands Inc. 
3)  Cooper Lighting Solutions – Greengate 

B.  Requests for substitutions will be considered in accordance with provisions of Section 01 60 
00 - Product Requirements. 

2.2  DISTRIBUTED DIGITAL LIGHTING CONTROL SYSTEM 

A.  System General: Provide Digital Lighting Management System complete with all necessary 
enclosures, wiring, and system components to ensure a complete and properly functioning 
system as indicated on the Drawings and specified herein. If a conflict is identified, between 
the Drawing and this Specification, contact the Architect for clarification prior to 
proceeding. 
1.  Space Control Requirements: Provide occupancy/vacancy sensors with Manual- or 

Partial-ON functionality as indicated in all spaces except toilet rooms, storerooms, 
library stacks, or other applications where hands-free operation is desirable and 
Automatic-ON occupancy sensors are more appropriate. Provide Manual-ON 
occupancy/vacancy sensors for any enclosed office, conference room, meeting room, 
open plan system and training room. For spaces with multiple occupants, or where 
line-of-sight may be obscured, provide ceiling- or corner-mounted sensors and 
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Manual-ON switches. 
2.  Conference, meeting, training, auditoriums, and multipurpose rooms shall have 

controls that allow for independent control of each local control zone. Occupancy / 
vacancy sensors shall be provided to turn off all lighting in the space. Spaces with up 
to four moveable walls shall include controls that can be reconfigured when the room 
is partitioned. 

B.  Equipment Required: Lighting Control and Automation system as defined under this section 
covers the following equipment. 
1.  Digital Lighting Management local network: Free topology, plug-in wiring system 

(Cat 5e) for power and data to room devices. 
2.  Digital Room Controllers: Self-configuring, digitally addressable one, two or three 

relay plenum-rated controllers for on/off control. Selected models include 0-10 volt or 
line voltage forward phase control dimming outputs and integral current monitoring 
capabilities. 

3.  Digital Occupancy Sensors: Self-configuring, digitally addressable, calibrated 
occupancy sensors with LCD display and two-way active infrared (IR) 
communications. 

4.  Digital Switches: Self-configuring, digitally addressable pushbutton on/off, dimming, 
and scene switches. 

5.  Network Bridge: Provides BACnet MS/TP-compliant digital networked 
communication between rooms, panels and the Segment Manager or building 
automation system (BAS) and automatically creates BACnet objects representative of 
connected devices. 

2.3  DIGITAL LOAD CONTROLLERS 

A.  Digital Load Controllers: Digital controllers for lighting zones, fixtures automatically bind 
room loads to the connected control devices in the space without commissioning or the use 
of any tools. Provide controllers to match the room lighting requirements. Controllers are 
simple to install, and do not have dip switches/potentiometers, or require special 
configuration for standard Plug n' Go applications. Control units include the following 
features 
1.  Automatic room configuration to the most energy-efficient sequence of operation 

based upon the devices in the room. 
2.  Simple replacement using the default automatic configuration capabilities, a room 

controller may be replaced with an off-the-shelf device. 
3.  Multiple room controllers connected together in a local network must automatically 

arbitrate with each other, without requiring any configuration or setup, so that 
individual load numbers are assigned based on each controller's device ID's from 
highest to lowest. 

4.  Device Status LEDs to indicate: 
a.  Data transmission 
b.  Device has power 
c.  Status for each load 
d.  Configuration status 

5.  Quick installation features including: 
a.  Standard junction box mounting 
b.  Quick low voltage connections using standard RJ-45 patch cable 

6.  Based on individual configuration, each load shall be capable of the following 
behavior on power up following the loss of normal power: 
a.  Turn on to 100 percent 
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b.  Turn off 
c.  Turn on to last level 

7.  Each load be configurable to operate in the following sequences based on occupancy: 
a.  Auto-on/Auto-off (Follow on and off) 
b.  Manual-on/Auto-off (Follow off only) 

8.  UL 2043 plenum rated 
9.  Manual override and LED indication for each load 
10.  Zero cross circuitry for each load 
11.  All digital parameter data programmed into an individual room controller or plug load 

controller shall be retained in non-volatile FLASH memory within the controller 
itself. Memory shall have an expected life of no less than 10 years. 

12.  Dimming Room Controllers shall share the following features: 
a.  Each load shall have an independently configurable preset on level for Normal 

Hours and After Hours events to allow different dimmed levels to be 
established at the start of both Normal Hours and After Hours events. 

b.  Fade rates for dimming loads shall be specific to bound switch buttons, and the 
load shall maintain a default value for any bound buttons that do not specify a 
unique value. 

c.  Override button for each load provides the following functions: 
1)  Press and release for on/off control 
2)  Press and hold for dimming control 

d.  Each dimming output channel shall have an independently configurable 
minimum and maximum calibration trim level to set the dimming range to 
match the true dynamic range of the connected ballast or driver. LED level 
indicators on bound dimming switches shall utilize this new maximum and 
minimum trim. 

e.  Each dimming output channel shall have an independently configurable 
minimum and maximum trim level to set the dynamic range of the output 
within the new 0-100 percent dimming range defined by the minimum and 
maximum calibration trim. 

f.  Calibration and trim levels must be set per output channel. Devices that set 
calibration or trim levels per controller (as opposed to per load) are not 
acceptable. 

g.  All configuration shall be digital. Devices that set calibration or trim levels per 
output channel via trim pots or dip-switches are not acceptable. 

B.  On/Off Room Controllers shall include: 
1.  Dual voltage (120/277 VAC, 60 Hz) capable rated for 20A total load 
2.  One or two relay configuration 
3.  Simple 150 mA switching power supply. 
4.  Three RJ-45 local network ports with integral strain relief and dust cover 

C.  On/Off/0-10V Dimming KO Mount Room Controllers shall include: 
1.  Dual voltage (120/277 VAC, 60 Hz) capable rated for 10A (or greater) total load 
2.  One or two relays configurations 
3.  Smart 150 mA switching power supply 
4.  Two RJ-45 local network ports. Provide molded strain relief ring 
5.  One dimming output per relay 

a.  0-10V Dimming - Where indicated, one 0-10 volt analog output per relay for 
control of compatible LED drivers. The 0-10 volt output shall automatically 
open upon loss of power to the Room Controller to assure full light output from 
the controlled lighting. 
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2.4  DIGITAL WALL OR CEILING MOUNTED OCCUPANCY SENSOR 

A.  Digital Occupancy Sensors shall provide graphic LCD display for digital calibration and 
electronic documentation. Features include the following: 
1.  Digital calibration and pushbutton configuration for the following variables: 

a.  Sensitivity, 0-100 percent in 10 percent increments 
b.  Time delay, 1-30 minutes in 1 minute increments 
c.  Test mode, Five second time delay 
d.  Detection technology, PIR, Ultrasonic or Dual Technology activation and/or re-

activation. 
e.  Walk-through mode 

2.  Load parameters options including Auto/Manual-ON, blink warning, and daylight 
enable/disable when photosensors are included on the local network. 

3.  Programmable control functionality including: 
a.  Each sensor may be programmed to control specific loads within a local 

network. 
b.  Sensor shall be capable of activating one of 16 user-definable lighting scenes. 
c.  Adjustable retrigger time period for manual-on loads. Load will retrigger (turn 

on) automatically within a configurable period of time (default 10 seconds) 
after turning off. 

d.  On dual technology sensors, independently configurable trigger modes are 
available for both Normal (NH) and After Hours (AH) time periods. The 
retrigger mode can be programmed to use the following technologies: 

e.  Ultrasonic and Passive Infrared 
f.  Ultrasonic or Passive Infrared 
g.  Ultrasonic only 
h.  Passive Infrared only 
i.  Independently configurable sensitivity settings for passive infrared and 

ultrasonic technologies (on dual technology sensors) for both Normal (NH) and 
After Hour (AH) time periods. 

4.  One or two RJ-45 port(s) for connection to local network. 
5.  Device Status LEDs, which may be disabled for selected applications, including: 

a.  PIR detection 
b.  Ultrasonic detection 
c.  Configuration mode 
d.  Load binding 

6.  Assignment of occupancy sensor to a specific load within the room without wiring or 
special tools. 

7.  Manual override of controlled loads. 
8.  All digital parameter data programmed into an individual occupancy sensor shall be 

retained in non-volatile FLASH memory within the sensor itself. Memory shall have 
an expected life of no less than 10 years. 

B.  Units shall not have any dip switches or potentiometers for field settings 

2.5  DIGITAL WALL SWITCHES 

A.  Low voltage momentary pushbutton switches in 1, 2, 3, 4, 5 and 8 button configuration. 
Wall switches shall include the following features: 
1.  Removable buttons for field replacement with engraved buttons and/or alternate color 

buttons. Button replacement may be completed without removing the switch from the 
wall. 
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2.  Load/Scene Status LED on each switch button with the following characteristics: 
a.  Bi-level LED 
b.  Dim locator level indicates power to switch 
c.  Bright status level indicates that load or scene is active 
d.  Dimming switches shall include seven bi-level LEDs to indicate load levels 

using 14 steps. 
3.  Programmable control functionality including: 

a.  Button priority may be configured to any BACnet priority level, from 1-16, 
corresponding to networked operation allowing local actions to utilize life 
safety priority 

b.  Scene patterns may be saved to any button other than dimming rockers. Once 
set, buttons may be digitally locked to prevent overwriting of the preset levels. 

4.  All digital parameter data programmed into an individual wall switch shall be retained 
in non-volatile FLASH memory within the wall switch itself. Memory shall have an 
expected life of no less than 10 years. 

B.  Two RJ-45 ports for connection to the local network. 

C.  Load and Scene button function may be reconfigured for individual buttons from Load to 
Scene, and vice versa. 
1.  Individual button function may be configured to Toggle, On only or Off only. 
2.  Individual scenes may be locked to prevent unauthorized change. 
3.  Fade Up and Fade Down times for individual scenes may be adjusted from 0 seconds 

to 18 hours. 
4.  Ramp rate may be adjusted for each dimmer switch. 
5.  Switch buttons may be bound to any load on any load controller or relay panel and are 

not load type dependent; each button may be bound to multiple loads. 

2.6  SEGMENT NETWORK 

A.  Provide a segment network using linear topology, BACnet-based MS/TP (or Cat-5e) subnet 
to connect local networks (rooms). 
1.  Network bridges, relay panels and segment managers shall include terminal blocks, 

with provisions for separate "in" and "out" terminations, for segment network 
connections. 

2.  Segment network utilizes 1.5 twisted pair, shielded, cable supplied by the lighting 
control manufacturer. Maximum cable run for each segment is 4,000 feet. Conductor-
to-conductor capacitance of the twisted pair shall be less than 30 pf/ft and have a 
characteristic impedance of 120 Ohms. 

3.  Network wire jacket is available in high visibility green, white, or black. 
4.  Substitution of manufacturer-supplied cable is not permitted and may void the 

warranty, if non-approved cable is installed, and if terminations are not completed 
according to manufacturer's specific requirements. 

5.  Network signal integrity requires that each conductor and ground wire be correctly 
terminated at every connected device. 

2.7  NETWORK BRIDGE 

A.  Network bridge module connects a local network to a BACnet-compliant segment network 
for communication between rooms, relay panels and a segment manager or BAS. Each local 
network shall include a network bridge component to provide a connection to the local 
network room devices. Network bridge shall use industry standard BACnet MS/TP network 
communication and an optically isolated EIA/TIA RS-485 transceiver. 
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1.  Network bridge shall be provided as a separate module connected on the local 
network through an available RJ-45 port. 

2.  Network bridge shall automatically create standard BACnet objects for selected 
network devices to allow any BACnet-compliant BAS to include lighting control and 
power monitoring features as provided by the network devices on each local network. 
BACnet objects will be created for the addition or replacement of any given device for 
the installed life of the system. Products requiring that an application-specific point 
database be loaded to create or map BACnet objects are not acceptable. Systems not 
capable of providing BACnet data for control devices via a dedicated BACnet Device 
ID and physical MS/TP (or Cat-5E) termination per room are not acceptable. Standard 
BACnet objects shall be provided as follows: 
a.  Read/write the normal or after hours schedule state for the room 
b.  Read the detection state of each occupancy sensor 
c.  Read the aggregate occupancy state of the room 
d.  Read/write the On/Off state of loads 
e.  Read/write the dimmed light level of loads 
f.  Read the button states of switches 
g.  Read total current in amps, and total power in watts through the load controller 
h.  Read/write occupancy sensor time delay, PIR sensitivity and ultrasonic 

sensitivity settings 
i.  Activate a preset scene for the room 
j.  Read/write daylight sensor fade time and day and night setpoints 
k.  Read the current light level, in foot-candles, from interior and exterior 

photosensors and photocells 
l.  Set daylight sensor operating mode 
m.  Read/write wall switch lock status 
n.  Read watts per square foot for the entire controlled room 
o.  Write maximum light level per load for demand response mode 
p.  Read/write activation of demand response mode for the room 
q.  Activate/restore demand response mode for the room 

2.8  PROGRAMMING, CONFIGURATION AND DOCUMENTATION SOFTWARE 

A.  PC-native application for optional programming of detailed technician-level parameter 
information for all networked products, including all parameters not accessible via BACnet 
and the handled IR configuration tool. Software must be capable of accessing room-level 
parameter information globally for many segment networks simultaneously utilizing 
standard BACnet/IP communication. 

B.  Additional parameters exposed through this method include but are not limited to: 
1.  Occupancy sensor detection LED disable for performance and other aesthetic spaces 

where blinking LEDs present a distraction. 
2.  Six occupancy sensor action behaviors for each controlled load, separately 

configurable for normal hours and after-hours modes. Modes include: No Action, 
Follow Off Only, Follow On Only, Follow On and Off, Follow On Only with 
Override Time Delay, Follow Off Only with Blink Warn Grace Time, Follow On and 
Off with Blink Warn Grace Time. 

3.  Separate fade time adjustments per load for both normal and after hours from 0 - 4 
hours. 

4.  Configurable occupancy sensor re-trigger grace period from 0 - 4 minutes separate for 
both normal hours and after hours. 

5.  Separate normal hours and after hours per-load button mode with modes including: 
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Do nothing, on only, off only, on and off. 
6.  Load control polarity reversal so that on events turn loads off and vice versa. 
7.  Per-load DR (demand response) shed level in units of percent. 
8.  Load output pulse mode in increments of 1second. 
9.  Fade trip point for each load for normal hours and after hours that establishes the 

dimmer command level at which a switched load closes its relay to allow for 
staggered On of switched loads in response to a dimmer. 

C.  Generation of reports at the whole file, partial file, or room level. Reports include but are not 
limited to: 
1.  Device list report: All devices in a project listed by type. 
2.  Load binding report: All load controller bindings showing interaction with sensors, 

switches, and daylighting. 
3.  BACnet points report: Per room Device ID report of the valid BACnet points for a 

given site's BOM. 
4.  Room summary report: Device manifest for each room, aggregated by common BOM, 

showing basic sequence of operations. 
5.  Device parameter report: Per-room lists of all configured parameters accessible via 

handheld IR programmer for use with O&M documentation. 
6.  Scene report: All project scene pattern values not left at defaults (i.e., 1 = all loads 100 

percent, 2 = all loads 75 percent, 3 = all loads 50 percent, 4 = all loads 25 percent, 5-
16 = same as scene 1). 

7.  Occupancy sensor report: Basic settings including time delay and sensitivities for all 
occupancy sensors. 

D.  Network-wide programming of parameter data in a spreadsheet-like programming 
environment including but not limited to the following operations: 
1.  Set, copy/paste an entire project site of sensor time delays. 
2.  Set, copy/paste an entire project site of sensor sensitivity settings. 
3.  Search based on room name and text labels. 
4.  Filter by product type to allow parameter set by product. 
5.  Filter by parameter value to search for product with specific configurations. 

E.  Network-wide firmware upgrading remotely via the BACnet/IP network. 
1.  Mass firmware update of entire rooms. 
2.  Mass firmware update of specifically selected rooms or areas. 
3.  Mass firmware upgrade of specific products 

PART  3  EXECUTION 

3.1  PREPARATION 

A.  Do not begin installation until measurements have been verified and work areas have been 
properly prepared. 

B.  If preparation is the responsibility of another installer, notify Architect of unsatisfactory 
preparation before proceeding. 

C.  Verify that the required pre-installation meeting specified in Part 1 of this specification has 
been completed, recorded meeting minutes have been distributed and all outstanding issues 
noted have been resolved prior to the start of installation. 

3.2  INSTALLATION 
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A.  Install system in accordance with the approved system shop drawings and manufacturer's 
instructions. 

B.  Install all room/area devices using manufacturer's factory-tested Cat 5e cable with pre-
terminated RJ-45 connectors. 
1.  If pre-terminated cable is not used for room/area wiring, each field-terminated cable 

shall be tested prior to proceeding with the Work. 
2.  If fixtures have internal network Control Modules, ensure that they are also connected 

with Cat 5e cable. 
3.  Install all room to room network devices using MSTP network wire. 
4.  Low voltage wiring topology must comply with manufacturer's specifications. 
5.  Route network wiring as indicated on the Drawings as closely as possible. Document 

final wiring location, routing and topology on as built drawings. 

C.  All line voltage connections shall be tagged to indicate circuit and switched legs. 

D.  Test all devices to ensure proper communication. 

E.  Calibrate all sensor time delays and sensitivity to guarantee proper detection of occupants 
and energy savings. Adjust time delay so that controlled area remains lighted while 
occupied. 

F.  Provide written or computer-generated documentation on the configuration of the system 
including room by room description including: 
1.  Sensor parameters, time delays, sensitivities, and daylighting setpoints. 
2.  Sequence of operation, (e.g., manual ON, Auto OFF. etc.) 
3.  Load Parameters (e.g., blink warning, etc.) 

G.  Post start-up tuning - Adjust sensor time delays and sensitivities to meet the Owner's 
requirements 30 days from beneficial occupancy. Provide a detailed report to the Architect / 
Owner of post start-up activity. 

H.  All Class II cabling shall enter enclosures from within low-voltage wiring areas and shall 
remain within those areas. No Class I conductors shall enter a low-voltage area. 

I.  Verify all non-panel-based lighting loads to be free from short circuits prior to connection to 
room controllers. 

3.3  FIELD QUALITY CONTROL 

A.  Tests and Inspections: Manufacturer's service representative shall perform the following 
inspections and prepare reports. 
1.  Verify Class I and II wiring connections are terminated properly by validating system 

performance. 
2.  Verify / complete task programming for all switches, dimmers, time clocks, and 

sensors. 
3.  Verify that the control of each space complies with the Sequence of Operation. 
4.  Correct any system issues and retest. 

B.  Provide a report in table format with drawings or using a software file that can be opened in 
the manufacturer's system software including each room or space that has lighting control 
installed. Indicate the following: 
1.  Date of test or inspection. 
2.  Loads per space, or Fixture Address identification. 
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3.  Quantity and Type of each device installed 
4.  Reports providing each device's settings. 

3.4  POST OCCUPANCY QUALITY CONTROL 

A.  Convene at a maximum of 30-days after beneficial occupancy. Meeting to be attended by 
Contractor, Architect, system installer, factory authorized manufacturer's representative, and 
representative of all trades related to the system installation. 

B.  Post occupancy tuning - Adjust sensor time delays and sensitivities to meet the Owner's 
requirements. Update any adjustments to the field quality control report and return an 
updated copy to the Architect / Owner of any post occupancy activity. 

 

3.5  SOFTWARE SERVICE AGREEMENT 

a.  Technical Support: Beginning at Substantial Completion, service agreement shall include 
software support for two years. 

b.  Upgrade Service: At Substantial Completion, update software to latest version. Install and 
program software upgrades that become available within two years from date of Substantial 
Completion. Upgrading software shall include operating system and new or revised licenses for 
using software. 

1)  Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and to 
upgrade computer equipment if necessary. 

3.6  DEMONSTRATION AND TRAINING 

A.  Before Substantial Completion, arrange and provide a one-day Owner instruction period to 
designated Owner personnel. Set-up, starting of the lighting control system and Owner 
instruction includes: 
1.  Confirmation of entire system operation and communication to each device. 
2.  Confirmation of operation of individual relays, switches, and sensors. 
3.  Confirmation of system Programming, override settings, etc. 
4.  Provide training to cover installation, programming, operation, and troubleshooting of 

the lighting control system. 

END OF SECTION 26 09 43 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 26 12 19 - PAD-MOUNTED, MEDIUM-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes pad-mounted, liquid-filled, medium-voltage distribution transformers. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For pad-mounted, liquid-filled, medium-voltage transformers. 

1. Include plans and elevations showing major components and features. 
2. Include single-line diagram. 
3. Manufacturer's published time-current curves of the transformer high-voltage fuses, with 

transformer damage curve, inrush curve, and thru fault current indicated. 

1.3 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 

B. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 
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PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

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 IEEE C2. 

C. Comply with IEEE C57.12.00. 

2.2 MANUFACTURERS 

A. Cooper 

B. Howard 

C. General Electric 

2.3 PERFORMANCE REQUIREMENTS 

A. Windings Material: Aluminum. 

B. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, fully 
shielded, separable-elbow type, suitable for plugging into the inserts provided in the high-
voltage section of the transformer. Connected in each phase of incoming circuit and ahead of 
any disconnecting device. 

C. Winding Connections: The connection of windings and terminal markings shall comply with 
IEEE C57.12.70. 

D. Insulation: Transformer kVA rating shall be as follows: The average winding temperature rise 
above a 30 deg C ambient temperature shall not exceed 65 deg C and 80 deg C hottest-spot 
temperature rise at rated kVA when tested according to IEEE C57.12.90, using combination of 
connections and taps that give the highest average winding temperature rise. 

E. Tap Changer: External handle, for de-energized operation. 

F. Enclosure Integrity: Comply with IEEE C57.12.28 for pad-mounted enclosures that contain 
energized electrical equipment in excess of 600 V that may be exposed to the public. 

G. Mounting: An integral skid mounting frame, suitable to allow skidding or rolling of transformer 
in any direction, and with provision for anchoring frame to pad. 

H. Insulating Liquids: 

1. Natural Ester Oil: EnviroTemp FR3 ASTM D 6871. 

I. Corrosion Protection: 
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1. Transformer coating system shall be factory applied, complying with requirements of 
IEEE C57.12.28, in manufacturer's standard color green. 

2.4 THREE-PHASE TRANSFORMERS 

A. Description: 

1. 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. 

2. Comply with IEEE C57.12.26. 

B. Compartment Construction: 
1. Double-Compartment Construction: Individual compartments for high- and low-voltage 

sections, formed by steel isolating barriers that extend full height and depth of 
compartments, with hinged, lift-off doors and three-point latching, with a stop in the open 
position and provision for padlocking. 

C. Primary Fusing: Designed and rated to provide thermal protection of transformer by sensing 
overcurrent and high liquid temperature. 

1. 150-kV BIL current-limiting fuses, conforming to requirements of IEEE C37.47. 
2. Interrupting Rating: 50,000 rms A symmetrical at system voltage. 
3. Fuse Assembly: Bayonet-type, liquid-immersed, expulsion fuses in series with liquid-

immersed, partial-range, current-limiting fuses. Bayonet fuse shall sense both high 
currents and high oil temperature to provide thermal protection to the transformer. 

4. Provide bayonet fuse assembly with an oil retention valve and an external drip shield 
inside the housing to eliminate or minimize oil spills. Valve shall close when fuse holder 
is removed and an external drip shield is installed. 

5. Provide a conspicuously displayed warning adjacent to bayonet fuse(s), cautioning 
against removing or inserting fuses unless transformer has been de-energized and tank 
pressure has been released. 

D. High-Voltage Section: Dead-front design. 

1. To connect primary cable, use separable insulated connectors; coordinated with and 
complying with requirements of Section 260513 "Medium-Voltage Cables." Bushings 
shall be one-piece units, with ampere and BIL ratings the same as connectors. 

2. Bushing inserts: 
a. Feed Through, Conform to the requirements of IEEE 386. 
b. Rated at 200 A, with voltage class matching connectors. Provide a parking stand 

near each bushing well. Parking stands shall be equipped with insulated standoff 
bushings for parking of energized load-break elbow connectors on parking stands. 

c. Provide insulated protective caps for insulating and sealing out moisture from 
unused bushing inserts and insulated standoff bushings. 

3. Access to liquid-immersed fuses. 
4. Dead-front MOV surge arresters. 
5. Tap-changer operator. 
6. Stainless Ground pad. 

E. Low-Voltage Section: 
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1. Bushings with spade terminals drilled for terminating the number of conductors indicated 
on the Drawings, and the lugs that comply with requirements of Section 260519 "Low-
Voltage Electrical Power Conductors and Cables." 

2. Provisions for spade mounted Current Transformers (CT) 
3. Removable neutral-ground strap 
4. Stainless Ground pad. 

F. Capacities and Characteristics: 

1. Power Rating (kVA): 300. 
2. Voltage Ratings: 12470 Delta V -  208Y/120 V. 
3. Taps: 2 @ 2.5% above and 2 @ 2.5% below nominal 
4. Transformer BIL (kV): 95 
5. Minimum Tested Impedance (Percent at 85 deg C): 2.50. 

G. Transformer Accessories: 

1. Drain and filter connection. 
2. Filling and top filter press connections. 
3. Pressure-vacuum gauge. 
4. Dial-type analog thermometer. 
5. Magnetic liquid level indicator. 
6. Automatically resetting pressure-relief device. Device flow shall be as recommended by 

manufacturer. 
7. Stainless-steel ground connection pads. 
8. Machine-engraved nameplate, made of anodized aluminum or stainless steel. 

2.5 SERVICE CONDITIONS 

A. Transformers shall be suitable for operation under service conditions specified as usual service 
conditions in IEEE C57.12.00. 

2.6 WARNING LABELS AND SIGNS 

A. Comply with requirements for labels and signs specified in Section 260553 "Identification for 
Electrical Systems." 

1. High-Voltage Warning Label: Provide self-adhesive warning signs on outside of high-
voltage compartment door(s). Sign legend shall be "DANGER HIGH VOLTAGE" 
printed in two lines of nominal 2-inch- (50-mm)-high letters. The word "DANGER" shall 
be in white letters on a red background and the words "HIGH VOLTAGE" shall be in 
black letters on a white background. 

2. Arc Flash Warning Label: Provide self-adhesive warning signs on outside of high-voltage 
and secondary compartment door(s), warning of potential electrical arc flash hazards and 
appropriate personal protective equipment required. 

2.7 SOURCE QUALITY CONTROL 

A. Provide manufacturer's certificate that the transformer design tests comply with IEEE C57.12.90. 
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1. Perform the following factory-certified routine tests on each transformer for this Project: 

a. Resistance. 
b. Turns ratio, polarity, and phase relation. 
c. Transformer no-load losses and excitation current at 100 percent of ratings. 
d. Transformer impedance voltage and load loss. 
e. Operation of all devices. 
f. Lightning impulse. 
g. Low frequency. 
h. Leak. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and space conditions for compliance with requirements for pad-mounted, liquid-
filled, medium-voltage transformers and other conditions affecting performance of the Work. 

B. Examine roughing-in of conduits and grounding systems to verify the following: 

1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will 

cross section barriers to reach load or line lugs. 

C. Provide concrete bases for suitable conditions for transformer installation. 

D. Verify that ground connections are in place and that requirements in Section 260526 "Grounding 
and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 
ohms at transformer location. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install transformers on cast-in-place concrete equipment base. Comply with requirements for 
equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete. 

B. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and IEEE C2. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

1. For counterpoise, use tinned bare copper cable not smaller than No. 4/0 AWG, buried not 
less than 30 inches (765 mm) below grade interconnecting the grounding electrodes. 
Bond surge arrester and neutrals directly to transformer enclosure and then to grounding 
electrode system with bare copper conductors, sized as shown. Keep lead lengths as short 
as practicable, with no kinks or sharp bends. 
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2. Fence and equipment connections shall not be smaller than No. 4 AWG. Ground fence at 
each gate post and corner post and at intervals not exceeding 10 ft. (3050 mm). Bond 
each gate section to fence post using 1/8 by 1 inch (3 by 25 mm) [tinned] flexible braided 
copper strap and clamps. 

3. Make joints in grounding conductors and loops by exothermic weld or compression 
connector. 

4. Terminate all grounding and bonding conductors on a common equipment grounding 
terminal on transformer enclosure. 

5. Complete transformer tank grounding and lightning arrester connections prior to making 
any other electrical connections. 

B. Terminate medium-voltage cables in incoming section of transformers according to 
Section 260513 "Medium-Voltage Cables." 

3.4 SIGNS AND LABELS 

A. Comply with installation requirements for labels and signs specified in Section 260553 
"Identification for Electrical Systems." 

B. Install warning signs as required to comply with 29 CFR 1910.269. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections: 

1. General Field-Testing Requirements: 
a. Comply with provisions of NFPA 70B Ch. "Testing and Test Methods." 
b. After installing transformer but before primary is energized, verify that grounding 

system at the transformer is tested at specified value or less. 

3.6 DEMONSTRATION 

A.  Train Owner's maintenance personnel to adjust, operate, and maintain systems. 

END OF SECTION 26 12 19 
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SECTION 261329 - MEDIUM-VOLTAGE, PAD-MOUNTED SWITCHGEAR 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes dead-front, remotely controlled insulated vacuum load and fault interrupting 
switchgear. 

1.2 DEFINITIONS 

A. BIL: Basic Impulse Insulation Level. 

B. Bushing: An insulating structure including a central conductor, or providing a central passage 
for a conductor, with provision for mounting on a barrier, conducting or otherwise, for 
insulating the conductor from the barrier and conducting current from one side of the barrier to 
the other. 

C. Bushing Elbow: An insulated device used to connect insulated conductors to separable insulated 
connectors on dead-front, pad-mounted switchgear and to provide a fully insulated connection. 
Also called an "elbow connector." 

D. Bushing Insert: That component of a separable insulated connector that is inserted into a 
bushing well to complete a dead-front, load break or non-load break, separable insulated 
connector (bushing). 

E. Bushing Well: A component of a separable insulated connector, either permanently welded or 
clamped to an enclosure wall or barrier, having a cavity that receives a replaceable component 
(bushing insert) to complete the separable insulated connector (bushing). 

F. Fault Interrupter: A self-controlled mechanical switching device capable of making, carrying, 
and automatically interrupting an alternating current. It includes an assembly of control 
elements to detect overcurrents and control the fault interrupter. A fault interrupter always 
consists of a switching device, a control unit, and sensors for current and/or voltage sensing. 

G. Hotstick: An insulated stick, usually made of fiberglass, that is used to work energized overhead 
conductors and operate electrical equipment that is overhead, underground, and 
compartmentalized. 

H. NETA ATS: InterNational Electrical Testing Association, Acceptance Testing Specification. 

I. SCADA: Supervisory control and data acquisition. 
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J. Way: A three-phase or single-phase circuit connection to the bus that may contain combinations 
of switches and protective devices or may be a solid bus. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For pad-mounted switchgear. 

1. Include a tabulation of installed devices with features and ratings. 
2. Include dimensioned plans and elevations, showing dimensions, shipping sections, and 

weights of each assembled section. Elevations shall show major components and 
features, and they will mimic bus diagram. 

3. Include a plan view and cross section of equipment base, showing clearances, 
manufacturer's recommended work space, and locations of penetrations for grounding 
and conduits. Show location of anchor bolts. 

4. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 
clearances, method of field assembly, and location and size of each field connection. 

5. Wiring Diagrams: For each switchgear assembly, include the following: 

a. Power, signal, and control wiring. 
b. Schematic diagrams showing connections to remote devices. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For pad-mounted switchgear. 

B. Source quality-control reports. 

C. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. G & W Electric 

http://www.specagent.com/LookUp/?ulid=11315&mf=04&src=wd
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2.2 SWITCH CONFIGURATION 

A. The switch shall have 3-phase loadbreak switch ways and 3-phase vacuum fault interrupter 
ways as required. 

B. The switch shall be designed for front access to cables and operators 

2.3 SWITCH CONSTRUCTION 

A. The switch shall be a dead-front design.  The operating mechanism housing shall be stainless 
steel with a viewing window for verification of vacuum interrupter contact position.  The 
housing shall be painted ANSI 70 light gray using corrosion-resistant epoxy paint.  Operating 
handles shall be padlockable and adaptable to keylock schemes.  The operating shaft shall be 
stainless steel providing maximum corrosion resistance. A double "O" ring shaft seal shall be 
used for a leak resistant, long life seal. 

B. The solid dielectric module must be coated with a semi-conductive layer of epoxy, providing a 
completely dead front device.  The semi-conductive layer must be tested to IEEE 592 to ensure 
it can carry fault current to ground so as to ensure operator safety. 

C. The switch shall be designed for long term operation in the harshest environments.  The 
interrupter design must be tested to IEC60529 and achieve a protection rating of IP68, subjected 
to a 10’ head of water pressure for 7 days.  

D. All ways of the switch shall be equipped with an integral blade type disconnect switch 
incorporated within the solid dielectric module to provide a true visible break.  The Visible 
Break switch shall be in series with the vacuum interrupter and provide a clear three-phase 
visible break of the circuit.  The visible break must be easily seen through a viewing window 
molded as an integral part of each solid dielectric module.   

E. The switch shall interrupt all load currents within the vacuum bottle.  The switch shall include 
two mechanical interlocks, one external and one internal, for safe operation.   

F. The switch mechanism shall consist of three vacuum bottle assemblies mechanically linked to 
a single spring-assisted operating mechanism.  Manual  opening and closing of  the 
switch shall be via an operating handle.  

2.4 DESIGN RATINGS 

A. Load Break Switches shall be rated 
 

SELECTION OF RATINGS IEEE/IEC 
Maximum Design Voltage, kV 15.5 
Impulse Level (BIL) Voltage, kV 110 
Continuous Current, Amperes 630 
Load break Current, Amperes 630 
One Minute Withstand (dry), AC kV 35 
Production Test Rating 34 
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15 Minute Withstand, DC kV 53 
Momentary Current, kA, ASYM 25.6 
Fault-Close Current, kA, ASYM 25.6 
One Second Current, kA, SYM 16 
Interrupter Mechanical Endurance, 
Operations 2000 

 

B. The fault interrupter shall be rated:  
 

SELECTION OF RATINGS IEEE/IEC 
Maximum Design Voltage, kV 15.5 
Impulse Level (BIL) Voltage, kV 95 
Continuous Current, Amperes 630 
Load break Current, Amperes 630 
One Minute Withstand (dry), AC kV 35 
Production Test Rating 34 
Symmetrical Interrupting Rating, kA 16 
Asymmetrical Interrupting Rating, kA 25.6 
Interrupter Mechanical Endurance, Opera-
tions 2000 

  
     IEEE C37.60 Fault Interrupting Duty 
 

Percent of Max-
imum Interrupt-

ing Rating 

Approximate Interrupting: Current, 
Amps No. of Fault: Inter-

ruptions 12.5kA rated 
switches:  

16kA rated 
switches:  

15-20% 2000 2500 44 
45-55% 6000 8000 56 
90-100% 12500 16000 16 

Total Number of Fault Interruptions: 116 

2.5 CABLE ENTRANCES 

A. Load Break Switches 
Cable entrances shall be tested to IEEE 386 and be, as indicated on the switch drawing: 

1. 600A Dead break Apparatus Bushings per IEEE 386 Figure 11 
- Fault interrupters 

2. Cable entrances shall be tested to IEEE 386 and be, as indicated on the switch drawing: 
- 200A Bushing Well per IEEE 386 Figure 3 
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2.6 VACUUM INTERRUPTER CONTROL 

A. An electronic control shall be provided to monitor load and fault current on all three phases of 
the interrupter. The current transformers encapsulated within the solid dielectric modules 
provide control power and current sensing.  No external power source shall be required for 
overcurrent protection. Operational temperature range of the control shall be -40°C to +65°C.  
Maximum time for power up and ready to trip when closing on a circuit shall be ten percent of 
the trip time or 1/2 cycle, whichever is greater. Trip selection may be made with the interrupter 
energized.  The range of Phase Overcurrent minimum trip settings shall be 15-300A (500:1 CT) 

B. Type 2 
The control shall include 30 Time Current Characteristic (TCC) curves, which shall be field 
selectable using dip switches.  The control shall be equipped with multiple TCC curve 
modification options, including Instantaneous Trip, Inrush Restraint, and Phase Time Delay.  In 
addition, the control shall include a Phase Imbalance (Ground Fault) setting.   All settings shall 
be inputted via selector knobs located on the faceplate of the control.   The control shall include 
a last cause of trip indicator. Trip modules shall not require a computer or other external device 
for inputting trip settings or other operational parameters. 

 
Options for Vacuum Interrupter Controls 
 
• The control cable shall be connectorized, allowing the electronic control to be removed from the 

interrupter for repair or replacement while the interrupter is energized.  The interrupter shall 
include protection circuitry to allow this while preventing any damage to the current transformers.   

• The control shall include an option to allow it to be powered via a (select one: 24VDC, 48VDC, 
120VAC, 220VAC) source.  The control shall include an option to accept a dry contact input that 
will cause it to initiate a trip signal to the interrupter. 

• For Dry Applications: Control mounted in a NEMA4X rated fiberglass enclosure  

2.7 PAD MOUNT ENCLOSURE 

A. The enclosure shall be fabricated of 12 gauge galvanized steel and manufactured to ANSI 
C37.72 and C57.12.28 standards.  The enclosure shall be tamper resistant incorporating hinged 
access doors with pentahead locking bolts and provisions for padlocking. The enclosure shall be 
provided with lifting provisions and painted with a Munsell 7.0GY3.29/1.5 green finish.  

2.8 FACTORY PRODUCTION TESTS 

A. Each switch shall undergo the following production testing.  Test reports must be available 
upon request 
1. A mechanical operation check 
2. AC hi-pot tested one minute phase-to-phase, phase-to-ground and across the open contacts 
3. Circuit resistance shall be checked.  
4. Each solid dielectric module shall undergo an X-ray inspection and a partial discharge test to 

ensure void-free construction.   
5. Leak test to insure the integrity of all seals and gaskets 
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1 Primary current injection test to test CTs, trip mechanism, and electronic control  
 

2.9 STANDARD COMPONENTS 

A. The following shall be included as standard: 

1. Welded stainless steel mechanism housing painted light gray with stainless steel and brass 
fasteners. 

2. Lifting provisions 
3. ½”-13 nuts to provide sufficient grounding provisions for interrupter and all cable entrances. 
4. Stainless steel three line diagram and corrosion-resistant nameplates. 
5. Switch operating handle with padlock provision. 
6. Removable parking stands 
7. Mounting bracket 
8. Operating handles for the vacuum interrupter and for the visible break switch,  secured with 

cotter pins, and suitable for operation via rope or hot stick 

2.10 OPTIONS 

A. The following options shall be supplied:  
1. Mounting frame to bolt switch to the floor stainless steel construction.   
2. 4/0 brass ground lugs 
3. Provisions to mount a  key interlock after installation 
4. Keylock installed at the factory, to lock in open position 
5. Two (2) Form C contacts for remote monitoring of the position of the vacuum bottle contacts. 

2.11 SYSTEM DESCRIPTION 

The switchgear shall consist of solid dielectric insulated loadbreak switch ways and vacuum fault 
interrupter ways.  All ways of the switch shall include a blade type switch incorporated within the solid 
dielectric module to provide a visible break of the circuit. 

A. Manufactured Unit: Pad-mounted switchgear, designed for application in solidly grounded 
neutral underground distribution systems. 

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. Comply with IEEE C2. 

D. Comply with IEEE C37.74 
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2.12 PERFORMANCE REQUIREMENTS 

A. Service Conditions: 

1. Switchgear shall be suitable for operation under service conditions specified as usual 
service conditions in IEEE C37.20.3. 

2.13 QUALITY ASSURANCE 

A. Manufacturer Qualifications: The chosen manufacturer shall have at least 10 years’ experience in 
manufacturing solid dielectric insulated medium voltage switchgear. The manufacturer shall be 
completely and solely responsible for the performance of the switch as rated.    

 
B. The manufacturer shall furnish certification of ratings upon request.  
 
C. The switch shall comply with requirements of the latest revision of applicable industry standards, 

including IEEE C37.74, IEEE C37.60, ANSI/IEEE 386, IEC60529, IEEE 592 
 

D. The switch shall be tested to IEC 60529 for submergibility.  The switch shall be rated IP68 for 20 
days with a 20-foot head of water. 

 
E. The switch manufacturer shall be ISO 9001 and 14001 certified.  
 
F. The switch shall be RUS approved 

 

2.14 DELIVERY STORAGE AND HANDLING 
 

A. The switch shall be shipped preassembled at the factory. No field assembly shall be required.  
 
B. The installer shall handle, transfer and move the switches in accordance with manufacturer’s rec-

ommendations.   

2.15 BUSHINGS 

A. Separable insulated connectors shall be used to connect primary cable. Comply with 
requirements in Section 260513 "Medium-Voltage Cables." 

1. Bushings: One-piece, 600 A, BIL ratings the same as the connectors. Comply with 
IEEE 386. 

2. Supply a standoff bracket or parking stand for each bushing, mounted horizontally 
adjacent to each bushing. 

2.16 SURGE ARRESTERS 

A. Distribution class; metal-oxide-varistor type, fully shielded, separable elbow type, suitable for 
plugging into the inserts. Comply with IEEE C62.11 and IEEE 386. 
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1. Nominal System Line-to-Line Voltage: 15.5 kV rms. 
2. Maximum Continuous Operating Voltage: 8.4 kV rms. 
3. Duty-Cycle Voltage: 8.4 kV rms. 

2.17 WARNING LABELS AND SIGNS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for labels 
and signs. 

1. High-Voltage Warning Label: Self-adhesive warning labels on the outside of the high-
voltage compartment door(s). Legend shall be "DANGER HIGH VOLTAGE" printed in 
two lines of minimum 2-inch (50 mm) high letters. The word "DANGER" shall be in 
white letters on a red background and the words "HIGH VOLTAGE" shall be in black 
letters on a white background. 

2. Arc-Flash Warning Label: Self-adhesive labels on the outside of the high-voltage 
compartment door(s), warning of potential electrical arc-flash hazards and appropriate 
personal protective equipment required. 

3. Hazard Alerting Signs 
The exterior of the pad mount enclosure (if furnished) shall be provided with “Warning--
Keep Out--Hazardous Voltage Inside--Can Shock, Burn, or Cause Death” signs. Each 
unit of switchgear shall be provided with a “Danger--Hazardous Voltage--Failure to 
Follow These Instructions Will Likely Cause Shock, Burn, or Death” sign. The text shall 
further indicate that operating personnel must know and obey the employer’s work rules, 
know the hazards involved, and use proper protective equipment and tools to work on 
this equipment. Each unit of switchgear shall be provided with a “Danger--Keep Away--
Hazardous Voltage--Will Shock, Burn, or Cause Death” sign. 

4. Nameplates, Ratings Labels, and Connection Diagrams 
Each unit of switchgear shall be provided with a nameplate indicating the manufacturer’s 
name, catalog number, model number, date of manufacture, and serial number. Each unit 
of switchgear shall be provided with a ratings label indicating the following: voltage 
rating; main bus continuous rating; short-circuit rating; and load break switch ratings 
including duty-cycle fault-closing and short-time. 

2.18 SOURCE QUALITY CONTROL 

A. Factory Tests: Comply with requirements in IEEE C37.60 and IEEE C37.74 for testing 
procedures. 

1. Circuit Resistance Test: Verify that switchgear contacts have been properly aligned and 
current transfer points have been properly assembled. 

2. Power-frequency dry withstand voltage test. 
3. Dielectric withstand test; one-minute dry power-frequency. 
4. Calibrate overcurrent devices for conformance to published time-current characteristic 

curves. 
5. Sealed Tank Leak Test: 

a. Comply with IEC 62271-1 for test procedure for switchgear using SF6. 
b. The test procedure for vacuum switchgear shall be as follows: 
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1) Each vacuum tube shall be identified by its serial number. Its vacuum 
pressure level shall be tested by the manufacturer of the vacuum interrupter. 
Document the test results. 

2) After assembly of the switchgear way, test the vacuum pressure level of the 
vacuum tubes by the routine dielectric test across the open contacts. The test 
voltage shall be stated by the manufacturer. The dielectric test shall be 
carried out after the mechanical routine test. 

6. Operating tests shall verify the following: 

a. Switch position indicators and contacts are in the correct position for both the open 
and closed positions. 

b. Insulating medium quantity indicator (if provided) is functioning properly. 
c. Circuit configuration is shown correctly. 
d. Mechanical interlocks are in place and operative. 
e. Position and polarity of current transformers meets requirements. 
f. Control, secondary wiring, and accessory devices are connected correctly. 
g. Devices and relays actually operate as intended. Circuits for which operation is not 

feasible shall be checked for continuity. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Upon delivery of switchgear and prior to unloading, inspect equipment for damage. 

B. Handle switchgear, according to manufacturer's recommendations; avoid damage to the 
enclosure, termination compartments, base, frame, and internal components. Do not subject 
switchgear to impact, jolting, jarring, or rough handling. 

C. Switchgear may be stored outdoors. If possible, store switchgear at final installation locations 
on concrete pads. If dry concrete surfaces are not available, use pallets of adequate strength to 
protect switchgear from direct contact with the ground. Ensure switchgear is level. 

3.2 SWITCHGEAR INSTALLATION 

A. Comply with NECA 1. 

B. Equipment Mounting: 

1. Install switchgear on cast-in-place concrete equipment base(s). Comply with 
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-
Place Concrete." 

C. Install level and plumb, tilting less than 1.5 degrees when energized. 

D. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and NFPA 70. 
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E. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and IEEE C2. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

B. Terminate medium-voltage cables in incoming section of switchgear according to 
Section 260513 "Medium-Voltage Cables." 

3.4 SIGNS AND LABELS 

A. Comply with the installation requirements for labels and signs specified in Section 260553 
"Identification for Electrical Systems." 

B. Install warning signs as required to comply with OSHA 29 CFR 1910.269. 

3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Perform each electrical test and visual and mechanical inspection stated in NETA ATS. 
Certify compliance with test parameters. Perform NETA tests and inspections for each of 
the following NETA categories: 

a. Pad Mount SF6 Switchgear. 
b. Surge arresters. 

B. Switchgear will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.6 SYSTEM FUNCTION TESTS 

A. System function tests shall prove the correct interaction of sensing, processing, and action 
devices. Perform system function tests after "Field Quality Control" tests have been completed 
and all components have passed specified tests. 

1. Develop test parameters and perform tests for evaluating performance of integral 
components and their functioning as a complete unit within design requirements and 
manufacturer's published data. 

2. Verify the correct operation of interlock safety devices for fail-safe functions in addition 
to design function. 

3. Verify the correct operation of sensing devices, alarms, and indicating devices. 
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3.7 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain systems. 

END OF SECTION 261329 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Distribution panelboards. 
2. Lighting and appliance branch-circuit panelboards. 

1.2 DEFINITIONS 

A. MCCB: Molded-case circuit breaker. 

B. SPD: Surge protective device. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of panelboard. 

B. Shop Drawings: For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details. 
2. Detail enclosure types including mounting and anchorage, environmental protection, 

knockouts, corner treatments, covers and doors, gaskets, hinges, and locks. 
3. Detail bus configuration, current, and voltage ratings. 
4. Short-circuit current rating of panelboards and overcurrent protective devices. 
5. Include evidence of NRTL listing for series rating of installed devices. 
6. Include evidence of NRTL listing for SPD as installed in panelboard. 
7. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
8. Include wiring diagrams for power, signal, and control wiring. 
9. Key interlock scheme drawing and sequence of operations. 
10. Include time-current coordination curves for each type and rating of overcurrent protective 

device included in panelboards. 

1.4 INFORMATIONAL SUBMITTALS 

A. Panelboard schedules for installation in panelboards. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in 
materials or workmanship within specified warranty period. 

1. Panelboard Warranty Period: 18 months from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PANELBOARDS COMMON 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. Comply with NEMA PB 1. 

C. Comply with NFPA 70. 

D. Enclosures: Flush and/or Surface-mounted, as indicated on Drawings, dead-front cabinets. 

1. Rated for environmental conditions at installed location. 
a. Indoor Dry and Clean Locations: NEMA 250, Type 1. 
b. Outdoor Locations: NEMA 250, Type 3R. 
c. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 
2. Height: 84 inches (2.13 m) maximum. 
3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged 

trim cover. Trims shall cover all live parts and shall have no exposed hardware. 

E. Phase, Neutral, and Ground Buses: Tin-plated aluminum 

F. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material: Tin-plated aluminum 
2. Main and Neutral Lugs: Compression type, with a lug on the neutral bar for each pole in 

the panelboard. 
3. Ground Lugs and Bus-Configured Terminators: Compression type, with a lug on the bar 

for each pole in the panelboard. 
4. Feed-Through Lugs: Compression type, suitable for use with conductor material. Locate 

at opposite end of bus from incoming lugs or main device. 
5. Subfeed (Double) Lugs: Compression type suitable for use with conductor material. Locate 

at same end of bus as incoming lugs or main device. 

G. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having 
jurisdiction for use as service equipment with one or more main service disconnecting and 
overcurrent protective devices.  
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H. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and 
necessary appurtenances required for future installation of devices. 

I. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit 
current available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity. 

2.2 PERFORMANCE REQUIREMENTS 

A. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying with 
UL 1449 SPD Type 1 or Type 2. 

2.3 POWER PANELBOARDS 

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

1. Square D, a division of Schneider Electric 
2. G.E., a division of ABB 
3. Siemens Energy & Automation, Inc. 
4. Eaton Corporation, Cutler-Hammer Products 

B. Panelboards: NEMA PB 1, distribution type. 

C. Doors: Secured with vault-type latch with tumbler lock; keyed alike. 

1. For doors more than 36 inches (914 mm) high, provide two latches, keyed alike. 

D. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: Bolt-
on circuit breakers. 

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: 
Bolt-on circuit breakers. 

2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

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

1. Square D, a division of Schneider Electric 
2. G.E., a division of ABB 
3. Siemens Energy & Automation, Inc. 
4. Eaton Corporation, Cutler-Hammer Products 

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 

C. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing 
adjacent units. 

D. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike. 
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2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

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

1. Square D, a division of Schneider Electric 
2. G.E., a division of ABB 
3. Siemens Energy & Automation, Inc. 
4. Eaton Corporation, Cutler-Hammer Products 

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: 
a. Inverse time-current element for low-level overloads. 
b. Instantaneous magnetic trip element for short circuits. 
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 200 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-
mounted, field-adjustable trip setting. 

3. Electronic Trip Circuit Breakers: 
a. RMS sensing. 
b. Field-replaceable rating plug or electronic trip. 
c. Digital display of settings, trip targets, and indicated metering displays. 
d. Multi-button keypad to access programmable functions and monitored data. 
e. Ten-event, trip-history log. Each trip event shall be recorded with type, phase, and 

magnitude of fault that caused the trip. 
f. Integral test jack for connection to portable test set or laptop computer. 
g. Field-Adjustable Settings: 

1) Instantaneous trip. 
2) Long- and short-time pickup levels. 
3) Long and short time adjustments. 
4) Ground-fault pickup level, time delay, and I squared T response. 

4. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller; let-through ratings less 
than NEMA FU 1, RK-5. 

5. Subfeed Circuit Breakers: Vertically mounted. 
6. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Breaker handle indicates tripped status. 
c. UL listed for reverse connection without restrictive line or load ratings. 
d. Lugs: Compression style, suitable for number, size, trip ratings, and conductor 

materials. 
e. Application Listing: Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and HID lighting 
circuits. 

2.6 IDENTIFICATION 

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, 
and number of poles shall be located on the interior of the panelboard door. 

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC 
rating. 
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C. Circuit Directory: Directory card inside panelboard door, mounted in transparent card holder. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Mount panels at height above finished floor so that no operating handle of switch or circuit 
breaker in the on position is higher than 79 inches (2000 mm). 

C. Mount panelboard cabinet plumb and rigid without distortion of box. 

D. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back 
box. 

E. Install overcurrent protective devices and controllers not already factory installed. 
1. Set field-adjustable, circuit-breaker trip ranges. 

F. Make grounding connections and bond neutral for services and separately derived systems to 
ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, 
and connections to separate ground bars. 

G. Install filler plates in unused spaces. 

H. Stub four 1-inch (27-EMT) empty conduits from panelboard into accessible ceiling space if so 
constructed or space designated to be ceiling space in the future. Stub four 1-inch (27-EMT) 
empty conduits into raised floor space or below slab not on grade. 

I. Arrange conductors in gutters into groups and bundle and wrap with wire ties. 

3.2 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs 
complying with requirements in "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations. 
Obtain approval before installing. Handwritten directories are not acceptable. Install directory 
inside panelboard door. 

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements 
for identification specified in "Identification for Electrical Systems." 

D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate 
complying with requirements for identification specified in "Identification for Electrical 
Systems." 

E. Install warning signs complying with requirements in "Identification for Electrical Systems" 
identifying source of remote circuit. 
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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. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test for low-voltage air circuit 
breakers stated in NETA ATS. 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. 

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, with comparisons of the two scans. Include notation 
of deficiencies detected, remedial action taken, and observations after remedial action. 

END OF SECTION 262416 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Standard-grade receptacles, 125 V, 20 A. 
2. USB receptacles. 
3. GFCI receptacles, 125 V, 20 A. 
4. SPD receptacles, 125 V, 20 A. 
5. Twist-locking receptacles. 
6. Toggle switches. 
7. Wall plates. 
8. Floor service fittings. 

1.3 DEFINITIONS 

A. BAS: Building automation system. 

B. EMI: Electromagnetic interference. 

C. GFCI: Ground-fault circuit interrupter. 

D. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

E. RFI: Radio-frequency interference. 

F. SPD: Surge protective device. 

1.4 ACTION SUBMITTALS 

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

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Poke-Through, Fire-Rated Closure Plugs: One for every five floor service outlets installed, 
but no fewer than two. 

2. SPD Receptacles: One for every 10 of each type installed, but no fewer than one of each 
type. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

B. Wiring Devices:  

1. Bryant Electric, Inc., Hubbell Subsidiary. 
2. Eagle Electric Manufacturing Co. 
3. Hubbell Incorporated; Wiring Device-Kellems. 
4. Leviton Mfg Company 
5. Pass & Seymour/Legrand; Wiring Devices Div. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and use. 

B. Comply with NFPA 70. 

C. RoHS compliant. 
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D. Comply with NEMA WD 1. 

E. Device Color: 

1. Wiring Devices Connected to Normal Power System: As selected by Architect unless 
otherwise indicated or required by NFPA 70 or device listing. 

2. SPD Devices: Blue. 

F. Wall Plate Color: For plastic covers, match device color. 

G. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.3 STANDARD-GRADE RECEPTACLES, 125 V, 20 A 

A. Duplex Receptacles, 125 V, 20 A: 

1. Description: Two pole, three wire, and self-grounding. 
2. Configuration: NEMA WD 6, Configuration 5-20R. 
3. Standards: Comply with UL 498 and FS W-C-596. 

B. Weather-Resistant Duplex Receptacle, 125 V, 20 A: 

1. Description: Two pole, three wire, and self-grounding. Integral shutters that operate only 
when a plug is inserted in the receptacle. Square face. 

2. Configuration: NEMA WD 6, Configuration 5-20R. 
3. Standards: Comply with UL 498. 
4. Marking: Listed and labeled as complying with NFPA 70, "Receptacles in Damp or Wet 

Locations" Article. 

2.4 USB RECEPTACLES 

A. USB Charging Receptacles: 

1. Description: Single piece, rivetless, nickel-plated, all-brass grounding system. Nickel-
plated, brass mounting strap. 

2. USB Receptacles: Dual, USB Type A and Type-C, 5 V dc, and 2.4 A per receptacle 
(minimum). 

3. Standards: Comply with UL 1310 and USB 3.0 devices. 

2.5 GFCI RECEPTACLES, 125 V, 20 A 

A. Duplex GFCI Receptacles, 125 V, 20 A: 

1. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two 
pole, three wire, and self-grounding. 

2. Configuration: NEMA WD 6, Configuration 5-20R. 
3. Type: Non-feed through. 
4. Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596. 
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B. Weather-Resistant, GFCI Duplex Receptacles, 125 V, 20 A: 

1. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two 
pole, three wire, and self-grounding. 

2. Configuration: NEMA WD 6, Configuration 5-20R. 
3. Type: Non-feed through. 
4. Standards: Comply with UL 498 and UL 943 Class A. 
5. Marking: Listed and labeled as complying with NFPA 70, "Receptacles in Damp or Wet 

Locations" article. 

2.6 SPD RECEPTACLES, 125 V, 20 A 

A. Duplex SPD Receptacles, 125 V, 20 A: 

1. Description: Two pole, three wire, and self-grounding. Integral SPD in line to ground, line 
to neutral, and neutral to ground. LED indicator light. 

2. SPD Components: Multiple metal-oxide varistors; with a nominal clamp-level rating of 
400 V and minimum single transient pulse energy dissipation of 240 J, according to 
IEEE C62.41.2 and IEEE C62.45. 

3. Active SPD Indication: Visual and audible, with light visible in face of device to indicate 
device is "active" or "no longer in service." 

4. Configuration: NEMA WD 6, Configuration 5-20R. 
5. Standards: Comply with NEMA WD 1, UL 498, UL 1449, and FS W-C-596. 

2.7 TWIST-LOCKING RECEPTACLES 

A. Twist-Lock, Single Receptacles, 250 V, 20 A,30A, 50A, and 60A (as indicated on drawings): 

1. Configuration: As indicated on drawings or to match equipment plug. 
2. Standards: Comply with UL 498. 

2.8 TOGGLE SWITCHES, 120/277 V, 20 A 

A. Two-Pole Switches, 120/277 V, 20 A: Comply with UL 20 and FS W-S-896. 

B. Three-Way Switches, 120/277 V, 20 A: Comply with UL 20 and FS W-S-896. 

C. Four-Way Switches, 120/277 V, 20 A:  Standards: Comply with UL 20 and FS W-S-896. 

2.9 WALL PLATES 

A. Single Source: Obtain wall plates from same manufacturer of wiring devices. 

B. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces: 0.035-inch- (1-mm-) thick, satin-finished, Type 302 stainless 

steel. 
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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 and damp locations. 

C. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, thermoplastic with lockable while in-use cover. 

2.10 FLOOR SERVICE FITTINGS 

A. Above-Floor Service Fittings: 

1. Description: Type: Modular, above-floor, dual-service units suitable for wiring method 
used. 

2. Service Plate: Rectangular satin finish. 
3. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise 

indicated. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. 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 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 right 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 comply with 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. 

D. Device Installation: 
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1. Replace devices that have been in temporary use during construction and that 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 (152 mm) 
in length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw. 

6. Use a torque screwdriver when a torque is recommended or required by 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 down, 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. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through GFCI receptacles where protection of downstream receptacles is not 
required. 

3.3 IDENTIFICATION 

A. Comply with Section 260553 "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 
engraved machine printing with black-filled lettering on face of plate, and durable wire markers 
or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or illuminated 

digital-display indicators of measurement. 

B. Tests for Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
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2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 
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. 

C. Test straight-blade for the retention force of the grounding blade according to NFPA 99. 
Retention force shall be not less than 4 oz. (115 g). 

D. Wiring device will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 262726 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 263600 - TRANSFER SWITCHES 

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 nonautomatic transfer switches rated 600 V and less. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for transfer switches. 

2. Include rated capacities, operating characteristics, electrical characteristics, and 
accessories. 

B. Shop Drawings: 

1. Include plans, elevations, sections, details showing minimum clearances, conductor entry 
provisions, gutter space, and installed features and devices. 

2. Include material lists for each switch specified. 
3. Single-Line Diagram: Show connections between transfer switch, power sources, and 

load; and show interlocking provisions for each combined transfer switch. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer-authorized service representative. 

B. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of product to include in emergency, operation, 
and maintenance manuals. 
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1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Features and operating sequences, both automatic and manual. 
b. List of all factory settings of relays; provide relay-setting and calibration 

instructions, including software, where applicable. 

1.6 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary electrical service: 

1. Notify Construction Manager no fewer than 14 days in advance of proposed interruption 
of electrical service. 

2. Do not proceed with interruption of electrical service without Owner's written 
permission. 

1.7 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of transfer 
switch or transfer switch components that fail in materials or workmanship within specified 
warranty period. 

1. Warranty Period: Two years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Caterpillar 

B. Cummins Inc. 

C. AKSA Power Generation 

D. Kohler Co. 

E. Taylor Power Systems Inc. 

F. Generac Power Systems 

2.2 PERFORMANCE 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. Comply with NEMA ICS 1. 
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C. Comply with NFPA 110. 

D. Comply with UL 1008 unless requirements of these Specifications are stricter. 

E. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system 
transfer, not exceeding 30 percent of switch ampere rating, unless otherwise indicated. 

F. Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by 
protective devices at installation locations in Project under the fault conditions indicated, based 
on testing according to UL 1008. 

1. Short-time withstand capability for 30 cycles. 

G. Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or 
better over an operating temperature range of minus 20 to plus 70 deg C. 

H. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge 
withstand capability requirements when tested according to IEEE C62.62. Components shall 
meet or exceed voltage-impulse withstand test of NEMA ICS 1. 

I. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism. Switches for emergency or standby purposes shall be mechanically 
and electrically interlocked in both directions to prevent simultaneous connection to both power 
sources unless closed transition. 

J. Service-Rated Transfer Switch: 

1. Comply with UL 869A and UL 489. 
2. Provide terminals for bonding the grounding electrode conductor to the grounded service 

conductor. 
3. In systems with a neutral, the bonding connection shall be on the neutral bus. 
4. Provide removable link for temporary separation of the service and load grounded 

conductors. 
5. Surge Protective Device: Service rated. 
6. Service Disconnecting Means: Externally operated, manual electrically actuated. 

K. Neutral Terminal: Solid and fully rated unless otherwise indicated. 

L. Heater: Equip switches exposed to outdoor temperatures and humidity, and other units 
indicated, with an internal heater. Provide thermostat within enclosure to control heater. 

M. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by 
color-code or by numbered or lettered wire and cable markers at terminations. Color-coding and 
wire and cable markers are specified in Section 260553 "Identification for Electrical Systems." 

1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring 
indicated. 

2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom 
entrance of feeder conductors as indicated. 

3. Control Wiring: Equipped with lugs suitable for connection to terminal strips. 
4. Accessible via front access. 
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N. Enclosures: General-purpose NEMA 250, Type 3R, complying with NEMA ICS 6 and UL 508, 
unless otherwise indicated. 

2.3 NONAUTOMATIC TRANSFER SWITCHES 

A. Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and 
"Alternative Source." Switch shall be capable of transferring load in either direction with either 
or both sources energized. 

B. Double-Throw Switching Arrangement: Incapable of pauses or intermediate position stops 
during switching sequence. 

C. Pilot Lights: Indicate source to which load is connected. 

D. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and 
alternative-source sensing circuits. 

1. Normal Power Supervision: Green light with nameplate engraved "Normal Source 
Available." 

2. Emergency Power Supervision: Red light with nameplate engraved "Alternative Source 
Available." 

E. Unassigned Auxiliary Contacts: Switch shall have one set of normally closed contacts for each 
switch position, rated 10 A at 240-V ac. 

F. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Switch Action: Double throw; mechanically held in both directions. 
2. Contacts: Silver composition or silver alloy for load-current switching. 
3. Conductor Connectors: Suitable for use with conductor material and sizes. 
4. Material: Tin-plated aluminum. 
5. Main and Neutral Lugs: Mechanical type. 
6. Ground Lugs and Bus-Configured Terminators: Mechanical type. 
7. Connectors shall be marked for conductor size and type according to UL 1008. 

2.4 TRANSFER SWITCH ACESSORIES 

2.5 SOURCE QUALITY CONTROL 

A. Prepare test and inspection reports. 

1. For each of the tests required by UL 1008, performed on representative devices, for 
emergency systems. Include results of test for the following conditions: 

a. Overvoltage. 
b. Undervoltage. 
c. Loss of supply voltage. 
d. Temperature rise. 
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e. Dielectric voltage-withstand; before and after short-circuit test. 
f. Overload. 
g. Contact opening. 
h. Endurance. 
i. Short circuit. 
j. Short-time current capability. 
k. Receptacle withstand capability. 
l. Insulating base and supports damage. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Wall-Mounting Switch: Anchor to wall by bolting. 

B. Identify components according to Section 260553 "Identification for Electrical Systems." 

C. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

D. Comply with NECA 1. 

3.2 CONNECTIONS 

A. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess 
and without exceeding manufacturer's limitations on bending radii. 

B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

C. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

D. Route and brace conductors according to manufacturer's written instructions and 
Section 260529 "Hangers and Supports for Electrical Systems." Do not obscure manufacturer's 
markings and labels. 

E. Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more 
than 18 inches (457 mm) in length. 

3.3 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 
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1. After installing equipment, test for compliance with requirements according to 
NETA ATS. 

2. Visual and Mechanical Inspection: 

a. Compare equipment nameplate data with Drawings and Specifications. 
b. Inspect physical and mechanical condition. 
c. Inspect anchorage, alignment, grounding, and required clearances. 
d. Verify that the unit is clean. 
e. Verify appropriate lubrication on moving current-carrying parts and on moving 

and sliding surfaces. 
f. Verify that manual transfer warnings are attached and visible. 
g. Verify tightness of all control connections. 
h. Inspect bolted electrical connections for high resistance using one of the following 

methods, or both: 

1) Use of low-resistance ohmmeter. 
2) Verify tightness of accessible bolted electrical connections by calibrated 

torque-wrench method according to manufacturer's published data. 

i. Perform manual transfer operation. 
j. Verify positive mechanical interlocking between normal and alternate sources. 
k. Perform visual and mechanical inspection of surge arresters. 
l. Inspect control power transformers. 

1) Inspect for physical damage, cracked insulation, broken leads, tightness of 
connections, defective wiring, and overall general condition. 

2) Verify that primary and secondary fuse or circuit-breaker ratings match 
Drawings. 

3) Verify correct functioning of drawout disconnecting contacts, grounding 
contacts, and interlocks. 

3. Electrical Tests: 

a. Perform insulation-resistance tests on all control wiring with respect to ground. 
b. Perform a contact/pole-resistance test. Compare measured values with 

manufacturer's acceptable values. 
c. Verify settings and operation of control devices. 
d. Calibrate and set all relays and timers. 
e. Verify phase rotation, phasing, and synchronized operation. 
f. Perform automatic transfer tests. 
g. Verify correct operation and timing of the following functions: 

1) Alternative source voltage-sensing and frequency-sensing relays. 
2) Automatic transfer operation. 
3) Interlocks and limit switch function. 
4) Time delay and retransfer on normal power restoration. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-
resistance tester. Include external annunciation and control circuits. Use test voltages and 
procedure recommended by manufacturer. Comply with manufacturer's specified 
minimum resistance. 



HGE #24043 TRANSFER SWITCHES 263600 - 7 
 

a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and integrity of 

barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

5. After energizing circuits, perform each electrical test for transfer switches stated in 
NETA ATS and demonstrate interlocking sequence and operational function for each 
switch at least three times. 

D. Report results of tests and inspections in writing. Record adjustable relay settings and measured 
insulation and contact resistances and time delays. Attach a label or tag to each tested 
component indicating satisfactory completion of tests. 

E. Transfer switches will be considered defective if they do not pass tests and inspections. 

F. Remove and replace malfunctioning units and retest as specified above. 

G. Prepare test and inspection reports. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain transfer switches and related equipment. 

B. Training shall include testing ground-fault protective devices and instructions to determine 
when the ground-fault system shall be retested. Include instructions on where ground-fault 
sensors are located and how to avoid negating the ground-fault protection scheme during testing 
and circuit modifications. 

END OF SECTION 263600 
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SECTION 264313 - SURGE PROTECTION FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 

1. Type 1 surge protective devices. 
2. Type 2 surge protective devices. 
3. Enclosures. 

B. Related Requirements: 

1. Section 262416 "Panelboards" for integral SPDs installed by panelboard manufacturer. 
2. Section 262726 "Wiring Devices" for integral SPDs installed by receptacle manufacturer. 

1.2 DEFINITIONS 

A. Inominal: Nominal discharge current. 

B. MCOV: Maximum continuous operating voltage. 

C. Mode(s), also Modes of Protection: air of electrical connections where the VPR applies. 

D. MOV: Metal-oxide varistor; an electronic component with a significant non-ohmic current-voltage 
characteristic. 

E. NRTL: Nationally recognized testing laboratory. 

F. OCPD: Overcurrent protective device. 

G. SCCR: Short-circuit current rating. 

H. SPD: Surge protective device. 

I. Type 1 SPDs: Permanently connected SPDs intended for installation between the secondary of the service 
transformer and the line side of the service disconnect overcurrent device. 

J. Type 2 SPDs: Permanently connected SPDs intended for installation on the load side of the service 
disconnect overcurrent device, including SPDs located at the branch panel. 

K. Type 3 SPDs: Point of utilization SPDs. 
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L. VPR: Voltage protection rating. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include electrical characteristics, specialties, and accessories for SPDs. 
2. NRTL certification of compliance with UL 1449. 

a. Tested values for VPRs. 
b. Inominal ratings. 
c. MCOV, type designations. 
d. OCPD requirements. 
e. Manufacturer's model number. 
f. System voltage. 
g. Modes of protection. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Sample Warranty: For manufacturer's special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For SPDs to include in maintenance manuals. 

1.6 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace SPDs that fail in materials or 
workmanship within five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 TYPE 1 SURGE PROTECTIVE DEVICES (SPDs) 

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

1. APT, a division of Schneider Electric 
2. SSI, an ILSCO Company 
3. Siemens Energy & Automation, Inc. 
4. Eaton Corporation, Cutler-Hammer Products 
5. G.E., a division of ABB 

B. Source Limitations: Obtain devices from single source from single manufacturer. 

C. Standards: 
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1. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with 
UL 1449, Type 1. 

D. Product Options: 

1. Include integral disconnect switch. 
2. Include internal thermal protection that disconnects the SPD before damaging internal suppressor 

components. 
3. Include indicator light display for protection status. 
4. Include audible alarm. 
5. Include NEMA ICS 5, dry Form C contacts rated at 2 A and 24 V ac for remote monitoring of 

protection status. 
6. Include surge counter. 

E. Performance Criteria: 

1. MCOV: Not less than 125 percent of nominal system voltage for 208Y/120 V and 120/240 V power 
systems, and not less than 115 percent of nominal system voltage for 480Y/277 V power systems. 

2. Peak Surge Current Rating: Minimum single-pulse surge current withstand rating per phase must 
not be less than 200 kA. Peak surge current rating must be arithmetic sum of the ratings of individual 
MOVs in a given mode. 

3. Protection modes and UL 1449 VPR for grounded wye circuits with 208Y/120 V, three-phase, four-
wire circuits must not exceed the following: 

a. Line to Neutral: 700 V for 208Y/120 V. 
b. Line to Line: 1200 V for 208Y/120 V. 

4. SCCR: Not less than 200 kA. 
5. Inominal Rating: 20 kA. 

2.2 TYPE 2 SURGE PROTECTIVE DEVICES (SPDs) 

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

1. APT, a division of Schneider Electric 
2. SSI, an ILSCO Company 
3. Siemens Energy & Automation, Inc. 
4. Eaton Corporation, Cutler-Hammer Products 
5. G.E., a division of ABB 

B. Source Limitations: Obtain devices from single source from single manufacturer. 

C. Standards: 

1. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with 
UL 1449, Type 2. 

2. Comply with UL 1283. 

D. Product Options: 

1. Include LED indicator lights for power and protection status. 
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2. Include internal thermal protection that disconnects the SPD before damaging internal suppressor 
components. 

3. Include NEMA ICS 5, dry Form C contacts rated at 2 A and 24 V ac for remote monitoring of 
protection status. 

4. Include surge counter. 

E. Performance Criteria: 

1. MCOV: Not less than 125 percent of nominal system voltage for 208Y/120 V and 120/240 V power 
systems, and not less than 115 percent of nominal system voltage for 480Y/277 V power systems. 

2. Peak Surge Current Rating: Minimum single-pulse surge current withstand rating per phase must 
not be less than 100 kA. Peak surge current rating must be arithmetic sum of the ratings of individual 
MOVs in a given mode. 

3. Protection modes and UL 1449 VPR for grounded wye circuits with 208Y/120 V, three-phase, four-
wire circuits must not exceed the following: 

a. Line to Neutral: 700 V for 208Y/120 V. 
b. Line to Ground: 700 V for 208Y/120 V. 
c. Neutral to Ground: 700 V for 208Y/120 V. 
d. Line to Line: 1200 V for 208Y/120 V. 

4. SCCR: Equal or exceed 100 kA. 
5. Inominal Rating: 20 kA. 

2.3 ENCLOSURES 

A. Indoor Enclosures: NEMA 250, Type 1. 

B. Outdoor Enclosures: NEMA 250, Type 4X. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Provide OCPD and disconnect for installation of SPD in accordance with UL 1449 and manufacturer's 
written instructions. 

C. Install leads between disconnects and SPDs short, straight, twisted, and in accordance with manufacturer's 
written instructions. Comply with wiring methods in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

1. Do not splice and extend SPD leads unless specifically permitted by manufacturer. 
2. Do not exceed manufacturer's recommended lead length. 
3. Do not bond neutral and ground. 

D. Use crimped connectors and splices only. Wire nuts are unacceptable. 
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3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Compare equipment nameplate data for compliance with Drawings and the Specifications. 
2. Inspect anchorage, alignment, grounding, and clearances. 
3. Verify that electrical wiring installation complies with manufacturer's written installation 

requirements. 

B. SPDs that do not pass tests and inspections will be considered defective. 

C. Prepare test and inspection reports. 

3.3 STARTUP SERVICE 

A. Complete startup checks in accordance with manufacturer's written instructions. 

B. Do not perform insulation-resistance tests of the distribution wiring equipment with SPDs installed. 
Disconnect SPDs before conducting insulation-resistance tests; reconnect them immediately after the 
testing is over. 

C. Energize SPDs after power system has been energized, stabilized, and tested. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to operate and maintain SPDs. 

END OF SECTION 264313 
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HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 265119 - LED INTERIOR LIGHTING 

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 interior only LED luminaires: 

B. Related Requirements: 

1. Section 260943 "Distributed Intelligence Based Lighting Controls" for automatic control 
of lighting. 

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. 

1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of luminaires. 
4. Include emergency lighting units, including batteries and chargers. 
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5. Include life, output (lumens, CCT, and CRI), and energy-efficiency data. 

a. Manufacturer's Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the NVLAP for Energy Efficient 
Lighting Products. 

6. Wiring diagrams for power, control, and signal wiring. 
7. Means of attaching luminaires to supports and indication that the attachment is suitable 

for components involved. 

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. Sample warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation 
and maintenance manuals. 

1. Provide a list of all types used on Project; use ANSI and manufacturers' codes. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

 
1. Diffusers and Lenses: One for every 100 of each type and rating installed. Furnish at least 

one of each type. 
2. Globes and Guards: One for every 50 of each type and rating installed. Furnish at least 

one of each type. 

1.8 QUALITY ASSURANCE 

A. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color 
consistency among luminaires. 



HGE #24043 LED INTERIOR LIGHTING 265119 - 3 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering 
before shipping. 

1.10 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: Two year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Ambient Temperature: 41 to 104 deg F (5 to 40 deg C). 

B. Altitude: Sea level to 1000 feet (300 m). 

2.2 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. Factory-Applied Labels: Comply with UL 1598. Locate labels where they will be readily visible 
to service personnel, but not seen from normal viewing angles when lamps are in place. 

1. Label shall include the following lamp module characteristics: 

a. Manufacturer 

b. Model number 

c. CCT and CRI. 

C. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated 
class and division of hazard by an NRTL. 

D. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

E. Luminaire CRI requirements: Greater than 80 CRI unless noted otherwise on Drawings. 

F. Luminaire CCT requirements: 4000K unless noted otherwise on Drawings. 

G. Luminaire Lumen outputs: As indicated on Drawings or comparable with luminaire model 
specified on Drawings. 
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H. Luminaire Rated Lamp Life: As comparable with luminaire model specified on Drawings. 

I. Nominal Operating Voltage: 120 V ac through 277 V ac, or as indicated on Drawings. 

1. Dimmable from 100 percent to 10 percent of maximum light output. 
2. Internal driver. 

J. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Components are 
designed to prevent doors, frames, lenses, diffusers, and other components from falling 
accidentally during relamping and when secured in operating position. 

K. Lens Thickness (if applicable): At least 0.125-inch (3.175-mm) minimum unless otherwise 
indicated. 

L. Standards: 

1. ENERGY STAR certified. 
2. RoHS compliant. 
3. Recessed luminaires shall comply with NEMA LE 4. 
4. UL Listing: Listed for damp or wet location as indicated on drawings and in part numbers 

specified on the drawings. 
5. Industrial luminaires Class 1, Division 2 Group. 
6. Ratings below as indicated on drawings and in part numbers specified on the drawings: 

a. NEMA 4X 
b. IP 54 
c. IP 66 
d. IP 67 

2.3 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. Steel: 

1. ASTM A36/A36M for carbon structural steel. 
2. ASTM A568/A568M for sheet steel. 

C. Stainless Steel: 

1. 1. Manufacturer's standard grade. 
2. 2. Manufacturer's standard type, ASTM A240/240M. 

D. Galvanized Steel: ASTM A653/A653M. 

E. Aluminum: ASTM B209. 
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2.4 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. 

2.5 LUMINAIRE SUPPORT 

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. 

B. Single-Stem Hangers: Minimum 1/2-inch (13-mm) steel tubing with swivel ball fittings and 
ceiling canopy. Finish same as luminaire. 

C. Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm). 

D. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod. 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with 
threaded attachment, cord, and locking-type plug. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 

C. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Provide support for luminaire without causing deflection of ceiling or wall. 
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. 

D. Flush-Mounted Luminaires: 
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1. Secured to outlet box. 
2. Attached to ceiling structural members at two points equally spaced around 

circumference of luminaire. 
3. Trim ring flush with finished surface. 

E. Wall-Mounted Luminaires: 

1. Attached to structural members in walls. 
2. Do not attach luminaires directly to gypsum board. 

F. Suspended Luminaires: 

1. Pendants, Aircraft Cable and Rods: Where longer than 48 inches (1200 mm), 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. Use approved devices and support components to connect luminaire to ceiling grid and 

building structure in a minimum of two locations, spaced near corners of luminaire and 
connected directly to structure. 

H. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" for wiring connections. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.4 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. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. 
Verify transfer from normal power to battery power and retransfer to normal. 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 
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3.5 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied 
conditions. Make up to two visits to Project during other-than-normal hours for this purpose. 
Some of this work may be required during hours of darkness. 

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are 
defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies. 

END OF SECTION 265119 
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SECTION 265213 - EMERGENCY AND EXIT LIGHTING 

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. Exit signs. 
2. Luminaire supports. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire" Paragraph. 

D. Lumen: Measured output of lamp and luminaire, or both. 

E. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of exit sign, and emergency lighting support. 

1. Include data on features, accessories, and finishes. 
2. Include physical description of the unit and dimensions. 
3. Battery and charger for light units. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 
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3. Include diagrams for power, signal, and control wiring. 

C. Product Schedule: 

1. For exit signs. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in emergency, 
operation, and maintenance manuals. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Luminaire-mounted, emergency battery pack: One for every 50 emergency lighting units. 
Furnish at least one of each type. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering 
before shipping. 

1.8 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: Five year(s) from date of Substantial Completion. 

B. Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in which 
manufacturer of battery-powered emergency lighting unit agrees to repair or replace 
components of rechargeable batteries that fail in materials or workmanship within specified 
warranty period. 

1. Warranty Period for Emergency Power Unit Batteries: Five years from date of 
Substantial Completion. Full warranty shall apply for the entire warranty period. 

2. Warranty Period for Self-Powered Exit Sign Batteries: Five years from date of 
Substantial Completion. Full warranty shall apply for the entire warranty period. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING 

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. 
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B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and batteries to 
comply with UL 924. 

C. Comply with NFPA 70 and NFPA 101. 

D. Comply with NEMA LE 4 for recessed luminaires. 

2.2 EMERGENCY LIGHTING 

A. Emergency Luminaires: 

1. Emergency Luminaires: Interior Luminaire Schedule and Drawings. 

a. Operating at nominal voltage of 120 V ac or 277 V ac 
b. Internal emergency power unit. 
c. Rated for installation in damp locations, and for sealed and gasketed luminaires in 

wet locations. 
d. UL 94 flame rating. 

2.3 EXIT SIGNS 

A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, 
luminance, and lettering size, comply with authorities having jurisdiction. 

B. Internally Lighted Signs: 

1. Operating at nominal voltage of 120 V ac or 277 V ac 
2. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life. 
3. Self-Powered Exit Signs (Battery Type): Internal emergency power unit. 

2.4 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: 

1. Smooth operating, free of light leakage under operating conditions. 
2. Designed to permit relamping without use of tools. 
3. Designed to prevent doors, frames, lenses, diffusers, and other components from falling 

accidentally during relamping and when secured in operating position. 

C. Conduit: Electrical metallic tubing, minimum 3/4 inch (21 mm) in diameter. 
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2.5 METAL FINISHES 

A. Appearance of Finished Work: Noticeable variations in same piece are not acceptable. 
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. 

2.6 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. 

B. Support Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 
mm). 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for conditions affecting performance of luminaires. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation. 

C. Examine walls, floors, roofs, and ceilings for suitable conditions where emergency lighting 
luminaires will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. 
Verify transfer from normal power to battery power and retransfer to normal. 



HGE #24043 EMERGENCY AND EXIT LIGHTING 265213 - 5 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 

3.5 STARTUP SERVICE 

A. Perform startup service: 

1. Charge emergency power units and batteries minimum of one hour and depress switch to 
conduct short-duration test. 

3.6 ADJUSTING 

A. Adjustments: Within 12 months of date of Substantial Completion, provide on-site visit to do 
the following: 

1. Inspect all luminaires. Replace lamps, emergency power units, batteries, signs, or 
luminaires that are defective. 

a. Parts and supplies shall be manufacturer's authorized replacement parts and 
supplies. 

2. Conduct short-duration tests on all emergency lighting. 

END OF SECTION 265213 
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SECTION 265619 – LED EXTERIOR LIGHTING 

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. 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 260943 "Distributed Intelligence Based Lighting Controls" for automatic control 
of lighting. 

2. Section 265613 "Lighting Poles and Standards" for poles and standards used to support 
exterior lighting equipment. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. LED: Light-emitting diode. 

E. IP: International Protection or Ingress Protection Rating. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 
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1.4 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of luminaire. 
4. Include life, output (lumens, CCT, and CRI), and energy-efficiency data. 

a. Manufacturer's Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the NVLAP for Energy Efficient 
Lighting Products. 

5. Wiring diagrams for power, control, and signal wiring. 
6. Means of attaching luminaires to supports and indication that the attachment is suitable 

for components involved. 

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. Sample warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires to include operation and maintenance 
manuals. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Diffusers and Lenses: One for every 50 of each type and rating installed. 
2. Globes and Guards: One for every 50 of each type and rating installed. 

1.8 QUALITY ASSURANCE 

A. Provide luminaires from a single manufacturer for each luminaire type. 

B. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color 
consistency among luminaires. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering 
prior to shipping. 

1.10 FIELD CONDITIONS 

A. Verify existing and proposed utility structures prior to the start of work associated with 
luminaire installation. 

B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire 
installation. 

1.11 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. Failures include, but are not limited to, the following: 

a. Structural failures, including luminaire support components. 
b. Faulty operation of luminaires and accessories. 
c. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering. 

2. Warranty Period: (2) Two years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Ambient Temperature: 41 to 104 deg F (5 to 40 deg C). 

B. Altitude: Sea level to 1000 feet (300 m). 

2.2 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. UL Compliance: Comply with UL 1598 and U.L. Listed for wet location if indicated. 

D. Luminaire CRI: Minimum of 70 CRI unless noted otherwise or is specific to wildlife lighting 
requirements. 
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E. Luminaire CCT: 4000K unless noted otherwise on Drawings or is specific to wildlife lighting 
requirements. 

F. Luminaire Rated Lamp Life: As comparable with luminaire model specified on Drawings. 

G. Internal driver. 

H. Nominal Operating Voltage: 120 V ac or 208 V ac as indicated on schedules. 

I. Standards: 

1. ENERGY STAR certified. 
2. RoHS compliant. 
3. Recessed luminaires shall comply with NEMA LE 4. 
4. UL Listing: Listed for damp or wet location as indicated on drawings and in part numbers 

specified on the drawings. 
5. Industrial luminaires Class 1, Division 2 Group. 
6. Ratings below as indicated on drawings and in part numbers specified on the drawings: 

a. NEMA 4X 
b. IP 54 
c. IP 66 
d. IP 67 

2.3 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Corrosion-resistant aluminum or Stainless steel. 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. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion 
lenses and refractors in luminaire doors. 

E. 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. 

F. Factory-Applied Labels: Comply with UL 1598. Labels shall be located where they will be 
readily visible to service personnel, but not seen from normal viewing angles where located in 
place. 

1. Label shall include the following characteristics: 
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a. CCT and CRI for all luminaires. 

2.4 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. 

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. 

a. Color: As selected from manufacturer's standard catalog of colors. 

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: As selected from manufacturer's standard catalog of colors. 

2.5 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 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit 
connections before luminaire installation. 

C. Examine walls, roofs, canopy ceilings and overhang ceilings for suitable conditions where 
luminaires will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Fasten luminaire to structural support. 

C. 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. 

D. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls. 
2. Do not attach luminaires directly to gypsum board. 

E. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

F. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. 
Install luminaires at heights as indicated on Drawings. 

G. Coordinate layout and installation of luminaires with other construction. 

H. Adjust luminaires that require field adjustment or aiming.  

I. 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. 

3.3 BOLLARD LUMINAIRE INSTALLATION: 

A. Align units for optimum directional alignment of light distribution. 
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1. Install on concrete base with top 6 inches above finished grade or surface at luminaire 
location. Cast conduit into base, and shape base to match shape of bollard base. Finish by 
troweling and rubbing smooth. Concrete materials, installation, and finishing are 
specified in Section 033000 "Cast-in-Place Concrete." 

3.4 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Install on concrete base with top 6 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." 

3.5 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. 

3.6 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.7 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

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 tests and inspections. 

3.8 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied 
conditions. Make up to two visits to Project during other-than-normal hours for this purpose. 
Some of this work may be required during hours of darkness. 

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are 
defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies. 
3. Adjust the aim of luminaires in the presence of the Architect. 

END OF SECTION 265619 
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SECTION 270526 - GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grounding conductors. 
2. Grounding connectors. 
3. Grounding busbars. 
4. Grounding rods. 
5. Grounding labeling. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. As-Built Data: Plans showing as-built locations of grounding and bonding infrastructure, 
including the following: 

1. Ground rods. 
2. Ground and roof rings. 
3. BCT, TMGB, TGBs, and routing of their bonding conductors. 

B. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 

1. Installation Supervision: Installation shall be under the direct supervision of ITS Level 2 
Installer, who shall be present at all times when Work of this Section is performed at 
Project site. 
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2. Field Inspector: Currently registered by BICSI as a designer RCDD to perform the on-
site inspection. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

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 UL 467 for grounding and bonding materials and equipment. 

C. Comply with TIA-607-B. 

2.2 CONDUCTORS 

A. Comply with UL 486A-486B. 

B. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, 
insulated for 600 V, and complying with UL 83. 

1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-
strand, UL-listed, Type THHN wire. 

2. Cable Tray Equipment Grounding Wire: No. 8 AWG. 

C. Bare Copper Conductors: 

1. Solid Conductors: ASTM B3. 
2. Stranded Conductors: ASTM B8. 
3. Tinned Conductors: ASTM B33. 
4. Bonding Cable: 28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 

inch (6.3 mm) in diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Tinned-copper tape, braided conductors terminated with two-hole 

copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

2.3 CONNECTORS 

A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 
for specific types, sizes, and combinations of conductors and other items connected. Comply 
with UL 486A-486B. 

B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor 
when the connector is compressed around the conductor. Comply with UL 467. 

1. Electroplated tinned copper, C and H shaped. 
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C. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; 
with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-
bolt connection to the busbar. 

D. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

2.4 GROUNDING BUSBARS 

A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches 
(6.3 by 100 mm) in cross section, length as indicated on Drawings. The busbar shall be NRTL 
listed for use as TMGB and shall comply with TIA-607-B. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide a 4-inch (100-mm) clearance to 

access the rear of the busbar. Brackets and bolts shall be stainless steel. 
3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 

600-V switchboards, impulse tested at 5000 V. 

B. TGB: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches (6.3 by 50 mm) in 
cross section, length as indicated on Drawings. The busbar shall be for wall mounting, shall be 
NRTL listed as complying with UL 467, and shall comply with TIA-607-B. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide at least a 2-inch (50-mm) clearance 

to access the rear of the busbar. Brackets and bolts shall be stainless steel. 
3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 

600-V switchboards, impulse tested at 5000 V. 

C. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting 
conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and 
complying with TIA-607-B. Predrilling shall be with holes for use with lugs specified in this 
Section. 

1. Cabinet-Mounted Busbar: Terminal block, with stainless-steel or copper-plated hardware 
for attachment to the cabinet. 

2. Rack-Mounted Horizontal Busbar: Designed for mounting in 19- or 23-inch (483- or 584-
mm) equipment racks. Include a copper splice bar for transitioning to an adjoining rack, 
and stainless-steel or copper-plated hardware for attachment to the rack. 

3. Rack-Mounted Vertical Busbar: 72 or 36 inches (1827 or 914 mm) long, with stainless-
steel or copper-plated hardware for attachment to the rack. 

2.5 GROUND RODS 

A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet (19 mm by 3 m) in 
diameter. 
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2.6 IDENTIFICATION 

A. Comply with requirements for identification products in Section 270553 "Identification for 
Communications Systems." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the ac grounding electrode system and equipment grounding for compliance with 
requirements for maximum ground-resistance level and other conditions affecting performance 
of grounding and bonding of the electrical system. 

B. Inspect the test results of the ac grounding system measured at the point of BCT connection. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 
the Work. 

D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Bonding shall include the ac utility power service entrance, the communications cable entrance, 
and the grounding electrode system. The bonding of these elements shall form a loop so that 
each element is connected to at least two others. 

B. Comply with NECA 1. 

C. Comply with TIA-607-B. 

3.3 APPLICATION 

A. Conductors: Install solid conductor for No. 8AWG and smaller and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated. 

1. The bonding conductors between the TGB and structural steel of steel-frame buildings 
shall not be smaller than No. 6 AWG. 

2. The bonding conductors between the TMGB and structural steel of steel-frame buildings 
shall not be smaller than No. 6 AWG. 

B. Underground Grounding Conductors: Install bare copper conductor, No. 2 AWG minimum. 

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 



HGE #24043 GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 270526 - 5 

4. Connections to Structural Steel: Welded connectors. 

D. Conductor Support: 

1. Secure grounding and bonding conductors at intervals of not less than 36 inches (900 
mm). 

E. Grounding and Bonding Conductors: 

1. Install in the straightest and shortest route between the origination and termination point, 
and no longer than required. The bend radius shall not be smaller than eight times the 
diameter of the conductor. No one bend may exceed 90 degrees. 

2. Install without splices. 
3. Support at not more than 36-inch (900-mm) intervals. 
4. Install grounding and bonding conductors in 3/4-inch (21-mm) PVC conduit until conduit 

enters a telecommunications room. The grounding and bonding conductor pathway 
through a plenum shall be in EMT. Conductors shall not be installed in EMT unless 
otherwise indicated. 

a. If a grounding and bonding conductor is installed in ferrous metallic conduit, bond 
the conductor to the conduit using a grounding bushing that complies with 
requirements in Section 270528 "Pathways for Communications Systems," and 
bond both ends of the conduit to a TGB. 

3.4 GROUNDING ELECTRODE SYSTEM 

A. The BCT between the TMGB and the ac service equipment ground shall not be smaller than 
No. 1/0 AWG. 

3.5 GROUNDING BUSBARS 

A. Indicate locations of grounding busbars on Drawings. Install busbars horizontally, on insulated 
spacers 2 inches (50 mm) minimum from wall, 12 inches (300 mm) above finished floor unless 
otherwise indicated. 

B. Where indicated on both sides of doorways, route bus up to top of door frame, across top of 
doorway, and down; connect to horizontal bus. 

3.6 CONNECTIONS 

A. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in 
that room, using equipment grounding conductors not smaller than No. 6 AWG. 

B. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

C. Assemble the wire connector to the conductor, complying with manufacturer's written 
instructions and as follows: 

1. Use crimping tool and the die specific to the connector. 
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2. Pretwist the conductor. 
3. Apply an antioxidant compound to all bolted and compression connections. 

D. Primary Protector: Bond to the TMGB with insulated bonding conductor. 

E. Interconnections: Interconnect all TGBs with the TMGB with the telecommunications backbone 
conductor. If more than one TMGB is installed, interconnect TMGBs using the grounding 
equalizer conductor. The telecommunications backbone conductor and grounding equalizer 
conductor size shall not be less than 2 kcmils/linear foot (1 sq. mm/linear meter) of conductor 
length, up to a maximum size of No. 3/0 AWG unless otherwise indicated. 

F. Telecommunications Enclosures and Equipment Racks: Bond metallic components of 
enclosures to the telecommunications bonding and grounding system. Install vertically mounted 
rack grounding busbar unless the enclosure and rack are manufactured with the busbar. Bond 
the equipment grounding busbar to the TGB No. 2 AWG bonding conductors. 

G. Structural Steel: Where the structural steel of a steel frame building is readily accessible within 
the room or space, bond each TGB and TMGB to the vertical steel of the building frame. 

H. Electrical Power Panelboards: Where an electrical panelboard for telecommunications 
equipment is located in the same room or space, bond each TGB to the ground bar of the 
panelboard. 

I. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or 
rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding 
conductor in the power cord of cord- and plug-connected equipment shall be considered as a 
supplement to bonding requirements in this Section. 

3.7 IDENTIFICATION 

A. Labels shall be preprinted or computer-printed type. 

1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications space identifier 
for the space containing the TMGB. 

2. Label TGB(s) with "fs-TGB," where "fs" is the telecommunications space identifier for 
the space containing the TGB. 

3. Label the BCT and each telecommunications backbone conductor at its attachment point: 
"WARNING! TELECOMMUNICATIONS BONDING CONDUCTOR. DO NOT 
REMOVE OR DISCONNECT!" 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's 
written instructions. 
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2. Test the bonding connections of the system using an ac earth ground-resistance tester, 
taking two-point bonding measurements in each telecommunications equipment room 
containing a TMGB and a TGB and using the process recommended by BICSI TDMM. 
Conduct tests with the facility in operation. 

a. Measure the resistance between the busbar and the nearest available grounding 
electrode. The maximum acceptable value of this bonding resistance is 100 
milliohms. 

3. Test for ground loop currents using a digital clamp-on ammeter, with a full-scale of not 
more than 10 A, displaying current in increments of 0.01 A at an accuracy of plus/minus 
2.0 percent. 

a. With the grounding infrastructure completed and the communications system 
electronics operating, measure the current in every conductor connected to the 
TMGB and in each TGB. Maximum acceptable ac current level is 1 A. 

C. Excessive Ground Resistance: If resistance to ground at the BCT exceeds 5 ohms, notify 
Architect promptly and include recommendations to reduce ground resistance. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 270526 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



HGE #24043 GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 270526 - 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



HGE #24043 COMMUNICATIONS EQUIPMENT ROOM FITTINGS 271100 - 1 

FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 271100 - COMMUNICATIONS EQUIPMENT ROOM FITTINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Backboards. 
2. Boxes, enclosures, and cabinets. 
3. Power strips. 

B. Related Requirements: 

1. Section 270536 "Cable Trays for Communications Systems" for cable trays and 
accessories. 

2. Section 271323 "Communications Optical Fiber Backbone Cabling" for optical-fiber data 
cabling associated with system panels and devices. 

3. Section 271513 "Communications Copper Horizontal Cabling" for copper data cabling 
associated with system panels and devices. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

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. Grounding: Indicate location of grounding bus bar and its mounting detail showing 
standoff insulators and wall mounting brackets. 

PART 2 - PRODUCTS 

2.1 BACKBOARDS 

A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm). 
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B. Backboard Paint: Light-colored fire-retardant paint. 

2.2 BOXES, ENCLOSURES, AND CABINETS 

A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
shall be listed and labeled for intended location and use. 

B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, Type FD, aluminum, with 
gasketed cover. 

D. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

E. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

F. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, 
galvanized cast iron with gasketed cover. 

G. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

H. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep. 

I. Hinged-Cover Enclosures: Comply with UL 50 and 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. 
3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

2.3 POWER STRIPS 

A. Comply with requirements in Section 271116 "Communications Racks, Frames, and 
Enclosures." 

B. Power Strips: Comply with UL 1363. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Rack mounting, with detachable flanges. 
3. Height: 2 RU. 
4. Six 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles. 
5. Rear-facing receptacles. 
6. LED indicator lights for power and protection status. 
7. LED indicator lights for reverse polarity and open outlet ground. 
8. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens and cannot be 

reset. 
9. Circuit Breaker and Thermal Fusing: Unit continues to supply power if protection is lost. 
10. Cord connected with 15-foot (4.5-m) line cord. 
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11. Rocker-type on-off switch, illuminated when in on position. 
12. Surge Protection: UL 1449, Type 3. 

a. Maximum Surge Current, Line to Neutral: 27 kA. 
b. Protection modes shall be line to neutral, line to ground, and neutral to ground. 
c. UL 1449 Voltage Protection Rating for line to neutral and line to ground shall be 

600 V and 500 V for neutral to ground. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Comply with BICSI's "Telecommunications Distribution Methods Manual" for layout of 
communications equipment spaces. 

C. Comply with BICSI's "Information Technology Systems Installation Methods Manual" for 
installation of equipment in communications equipment spaces. 

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. 

E. Coordinate layout and installation of communications equipment in tracks and in room. 
Coordinate service entrance configuration with service provider. 

F. Coordinate location of power raceways and receptacles with locations of communications 
equipment requiring electrical power to operate. 

G. Backboards: 

1. Install from 6 inches (150 mm) to 8 feet, 6 inches (2588 mm) above finished floor. If 
plywood is fire rated, ensure that fire-rating stamp is visible after installation. 

2. Paint all sides of backboard with two coats of paint, leaving fire rating stamp visible. 
3. Comply with requirements for backboard installation in BICSI's "Information 

Technology Systems Installation Methods Manual" and TIA-569-D. 

3.2 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI's "Information Technology Systems Installation Methods Manual", 
"Firestopping Practices" Ch. 

END OF SECTION 271100 
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SECTION 271116 - COMMUNICATIONS RACKS, FRAMES, AND ENCLOSURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. 19-inch equipment racks. 
2. 19-inch freestanding and wall-mounted equipment cabinets. 
3. Power strips. 
4. Grounding. 
5. Labeling. 

1.2 DEFINITIONS 

A. Access Provider: An operator that provides a circuit path or facility between the service 
provider and user. An access provider can also be a service provider. 

B. Service Provider: The operator of a telecommunications transmission service delivered through 
access provider facilities. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For communications racks, frames, and enclosures. 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. Grounding: Indicate location of TGB and its mounting detail showing standoff insulators 
and wall-mounting brackets. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified layout technician, installation supervisor, and field inspector. 
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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 direct supervision of 
RCDD. 

2. Installation Supervision: Installation shall be under direct supervision of Installer 2, 
Copper or Fiber, 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 Technician to perform on-site 
inspection. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. UL listed. 

B. RoHS compliant. 

C. Compliant with requirements of the Payment Card Industry Data Security Standard. 

2.2 19-INCH EQUIPMENT RACKS 

A. Description: Two- post racks with threaded rails designed for mounting telecommunications 
equipment. Width is compatible with EIA/ECIA 310-E, 19-inch (482.6-mm) equipment 
mounting with an opening of 17.72-inches (450-mm) between rails. 

B. General Requirements: 

1. Frames: Modular units designed for telecommunications terminal support and 
coordinated with dimensions of units to be supported. 

2. Material: Extruded steel. 
3. Finish: Manufacturer's standard, baked-polyester powder coat. 
4. Color: White. 

C. Floor-Mounted Racks: 

1. Overall Height: 84 inches (2133.6 mm) or as indicated on Drawings. 
2. Overall Depth: 23 inches (584.2 mm). 
3. Two-Post Load Rating: 400 lb (181 kg). 
4. Four-Post Load Rating: 1000 lb (454 kg)."Numbering" Subparagraph below may 

describe a feature not available from all manufacturers. 
5. Numbering: Every five rack units, on interior of rack. 
6. Vertical and horizontal cable management channels, top and bottom cable troughs, 

grounding lug, and a power strip. 
7. Base shall have a minimum of four mounting holes for permanent attachment to floor. 
8. Top shall have provisions for attaching to cable tray or ceiling. 
9. Self-leveling. 
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D. Wall-Mounted Racks: 

1. Height: 54” or as indicated on Drawings. 
2. Depth: 29 inches (736.6 mm). 
3. Load Rating: 200 lb (91 kg). 
4. Wall Attachment: Four mounting holes. 
5. Equipment Access: Integral swing. 

E. Cable Management: 

1. Metal, with integral wire retaining fingers. 
2. Baked-polyester powder coat finish. 
3. Vertical cable management panels shall have front and rear channels, with covers. 
4. Provide horizontal crossover cable manager at the top of each relay rack, with a 

minimum height of two rack units each. 

2.3 19-INCH EQUIPMENT CABINETS 

A. Description: Manufacturer-assembled four-post frame enclosed by side and top panels and front 
and rear doors, designed for mounting telecommunications equipment. Width is compatible 
with EIA/ECIA 310-E, 19-inch (482.6-mm) equipment mounting with an opening of 17.72 
inches (450 mm) between rails. 

B. General Cabinet Requirements: 

1. Modular units designed for telecommunications terminal support and coordinated with 
dimensions of units to be supported. 

2. Material: Extruded steel. 
3. Finish: Manufacturer's standard, baked-polyester powder coat. 
4. Color: White. 

C. Modular Freestanding Cabinets: 

1. Overall Height: 84 inches (2133.6 mm) or as indicated on Drawings. 
2. Overall Depth: 29 inches (736.6 mm). 
3. Load Rating: 3000 lb (1362 kg).  
4. Numbering: Every five rack units, on interior of rack. 
5. Removable and lockable side and top panels. 
6. Hinged and lockable front and rear doors. 
7. Adjustable feet for leveling. 
8. Screened ventilation openings in roof and rear door. 
9. Cable access provisions in roof and base. 
10. TGB. 
11. Roof-mounted, 550-cfm (260-L/s) fan with filter. 
12. Power strip. 
13. All cabinets keyed alike. 

D. Cable Management: 

1. Metal, with integral wire retaining fingers. 
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2. Baked-polyester powder coat finish. 
3. Vertical cable management panels shall have front and rear channels, with covers. 
4. Provide horizontal crossover cable manager at top of each relay rack, with a minimum 

height of two rack units each. 

2.4 POWER STRIPS 

A. Power Strips: Comply with UL 1363. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Rack mounting, with detachable flanges. 
3. Six, 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles. 
4. Front-facing receptacles. 
5. LED indicator lights for power and protection status. 
6. LED indicator lights for reverse polarity and open outlet ground. 
7. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens and cannot be 

reset. 
8. Cord connected with 15-foot (4.5-m) line cord. 
9. Rocker-type on-off switch, illuminated when in on position. 
10. Surge Protection: UL 1449, Type 3. 

a. Maximum Surge Current, Line to Neutral: 27 kA. 
b. Protection modes shall be line to neutral, line to ground, and neutral to ground. 
c. UL 1449 Voltage Protection Rating for line to neutral and line to ground shall be 

600 V and 500 V for neutral to ground. 

2.5 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications 
Systems" for grounding conductors and connectors. 

B. Rack and Cabinet TGBs: Rectangular bars of hard-drawn solid copper, accepting conductors 
ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying 
with TIA-606-B. Predrilling shall be with holes for use with lugs specified in this Section. 

1. Cabinet-Mounted TGB: Terminal block, with stainless-steel or copper-plated hardware 
for attachment to cabinet. 

2. Rack-Mounted Horizontal TGB: Designed for mounting in 19- or 23-inch (482.6- or 
584.2-mm) equipment racks. Include a copper splice bar for transitioning to an adjoining 
rack, and stainless-steel or copper-plated hardware for attachment to the rack. 

3. Rack-Mounted Vertical TGB: 72 or 36 inches (1828.8 or 914.4 mm) long, with stainless-
steel or copper-plated hardware for attachment to rack. 

2.6 LABELING 

A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, 
laminating adhesives, and inks used by label printers. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Comply with BICSI TDMM for layout of communications equipment spaces. 

C. Comply with BICSI ITSIMM for installation of communications equipment spaces. 

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. 

E. Coordinate layout and installation of communications equipment in racks and room. Coordinate 
service entrance configuration with service provider. 

1. Meet jointly with system providers, equipment suppliers, and Owner to exchange 
information and agree on details of equipment configurations and installation interfaces. 

2. Record agreements reached in meetings and distribute them to other participants. 
3. Adjust configurations and locations of distribution frames, cross-connects, and patch 

panels in equipment spaces to accommodate and optimize configuration and space 
requirements of telecommunications equipment. 

4. Adjust configurations 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 equipment room. 

F. Coordinate location of power raceways and receptacles with locations of communications 
equipment requiring electrical power to operate. 

3.2 GROUNDING 

A. Comply with NECA/BICSI 607. 

B. Install grounding according to BICSI ITSIMM, "Bonding, Grounding (Earthing) and Electrical 
Protection" Ch. 

C. Locate TGB to minimize length of bonding conductors. Fasten to wall, allowing at least 2 
inches (50 mm) of clearance behind TGB. Connect TGB with a minimum No. 4 AWG 
grounding electrode conductor from TGB to suitable electrical building ground. Connect rack 
TGB to near TGB or the TMGB. 

1. Bond the shield of shielded cable to patch panel, and bond patch panel to TGB or TMGB. 

D. Labels shall be machine printed. Type shall be [1/8 inch (3 mm)] [3/16 inch (5 mm)] [1/4 inch 
(6 mm)] in height. 

END OF SECTION 271116 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 271513 - COMMUNICATIONS COPPER HORIZONTAL CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Category 6a twisted pair cable. 
2. Twisted pair cable hardware, including plugs and jacks. 
3. Cable management system. 
4. Grounding provisions for twisted pair cable. 

1.2 COPPER HORIZONTAL CABLING DESCRIPTION 

A. Horizontal cabling system shall provide interconnections between Distributor A, Distributor B, 
or Distributor C, and the equipment outlet, otherwise known as "Cabling Subsystem 1," in the 
telecommunications cabling system structure. Cabling system consists of horizontal cables, 
intermediate and main cross-connects, mechanical terminations, and patch cords or jumpers 
used for horizontal-to-horizontal cross-connection. 

1. TIA-568-C.1 requires that a minimum of two equipment outlets be installed for each 
work area. 

2. Horizontal cabling shall contain no more than one transition point or consolidation point 
between the horizontal cross-connect and the telecommunications equipment outlet. 

3. Bridged taps and splices shall not be installed in the horizontal cabling. 

B. A work area is approximately 100 sq. ft. (9.3 sq. m), and includes the components that extend 
from the equipment outlets to the station equipment. 

C. The maximum allowable horizontal cable length is 295 feet (90 m). This maximum allowable 
length does not include an allowance for the length of 16 feet (4.9 m) to the workstation 
equipment or in the horizontal cross-connect. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Reviewed and stamped by RCDD. 

1. System Labeling Schedules: Electronic copy of labeling schedules, in software and 
format selected by Owner. 
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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. 
4. Wiring diagrams and installation details of telecommunications equipment, to show 

location and layout of telecommunications equipment. 

C. Twisted pair cable testing plan. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For RCDD, installation supervisor, and field inspector. 

B. Product Certificates: For each type of product. 

C. Source quality-control reports. 

D. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup: On USB media. 
3. Device address list. 
4. Printout of software application and graphic screens. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 

1. Layout Responsibility: Preparation of Shop Drawings and cabling administration 
Drawings by an RCDD. 

2. Installation Supervision: Installation shall be under the direct supervision of Level 2 
Installer, who shall be present at all times when Work of this Section is performed at 
Project site. 

3. Testing Supervisor: Currently certified by BICSI as an RCDD to supervise on-site 
testing. 

B. Testing Agency Qualifications: Testing agency must have personnel certified by BICSI on staff. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD. 
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1.7 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers. 

1.8 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, provide software support for two  
years. 

B. Upgrade Service: Update software to latest version at Project completion. Install and program 
software upgrades that become available within two years from date of Substantial Completion. 
Upgrading software shall include operating system and new or revised licenses for using 
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. 

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. 

B. Telecommunications Pathways and Spaces: Comply with TIA-569-D. 

C. Grounding: Comply with TIA-607-B. 

2.2 GENERAL CABLE CHARACTERISTICS 

A. 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. 
2. Communications, Plenum Rated: Type CM, Type CMG, Type CMP, Type CMR, or 

Type CMX in metallic conduit installed according to NFPA 70, Article 300.22, "Wiring 
in Ducts, Plenums, and Other Air-Handling Spaces." 

3. Communications, Non-plenum: Type CMR complying with UL 1666. 
4. Communications, Non-plenum: Type CMP or Type CMR in listed plenum or riser 

communications raceway. 
5. Communications, Non-plenum: Type CMP or Type CMR in metallic conduit installed 

according to NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-
Handling Spaces." 

B. Surface-Burning Characteristics: Comply with ASTM E84; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency. 
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1. Flame-Spread Index: 25 or less. 
2. Smoke-Developed Index: 450 or less. 

C. RoHS compliant. 

2.3 CATEGORY 6a TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission 
characteristics of Category 6a cable at frequencies up to 500MHz. 

B. Standard: Comply with TIA-568-C.2 for Category 6a cables. 

C. Conductors: 100-ohm, 23 AWG solid copper. 

D. Shielding/Screening: Unshielded twisted pairs (UTP). 

E. Jacket: Color as indicated on Drawings thermoplastic. 

2.4 TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate twisted pair copper 
communications cable. 

B. General Requirements for Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 6a. 
2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or 

tools. 
3. Cables shall be terminated with connecting hardware of same category or higher. 

C. Source Limitations: Obtain twisted pair cable hardware from same manufacturer as twisted pair 
cable, from single source. 

D. Connecting Blocks: 
1. 110-style IDC for Category 6a. 
2. 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. 

E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and 
permit interconnection between cables. 

1. Number of Terminals per Field: One for each conductor in assigned cables. 

F. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each 
jack location for permanent termination of pair groups of installed cables. 

1. Features: 

a. Universal T568A and T568B wiring labels. 
b. Labeling areas adjacent to conductors. 
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c. Replaceable connectors. 
d. 24 or 48 ports. 

2. Construction: 16-gauge steel and mountable on 19-inch (483 mm) equipment racks. 

G. Patch Cords: Factory-made, four-pair cables in 36” to 60” lengths as required; terminated with 
an eight-position modular plug at each end. 

1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure 
performance. Patch cords shall have latch guards to protect against snagging. 

H. Plugs and Plug Assemblies: 

1. Male; eight position; color-coded modular telecommunications connector designed for 
termination of a single four-pair, 100-ohm, unshielded or shielded twisted pair cable. 

2. Standard: Comply with TIA-568-C.2. 
3. Marked to indicate transmission performance. 

I. Jacks and Jack Assemblies: 

1. Female; eight position; modular; fixed telecommunications connector designed for 
termination of a single four-pair, 100-ohm, unshielded or shielded twisted pair cable. 

2. Designed to snap-in to a patch panel or faceplate. 
3. Standard: Comply with TIA-568-C.2. 
4. Marked to indicate transmission performance. 

J. Faceplate: 

1. Four port, vertical single gang faceplates designed to mount to single gang wall boxes. 
2. Eight port, vertical double gang faceplates designed to mount to double gang wall boxes. 
3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring 

Devices." 
4. For use with snap-in jacks accommodating any combination of twisted pair, optical fiber, 

and coaxial work area cords. 

a. Flush mounting jacks, positioning the cord at a 45-degree angle. 

K. Legend: 

1. Machine printed, in the field, using adhesive-tape label. 
2. Snap-in, clear-label covers and machine-printed paper inserts. 

2.5 CABLE MANAGEMENT SYSTEM 

A. Description: Computer-based cable management system, with integrated database capabilities. 

B. Document physical characteristics by recording the network, TIA details, and connections 
between equipment and cable. 

C. Information shall be presented in database view. 
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1. Microsoft Visio Professional or AutoCAD drawing software shall be used as drawing and 
schematic plans software. 

D. System shall interface with the following testing and recording devices: 

1. Direct upload tests from circuit testing instrument into the personal computer. 
2. Direct download circuit labeling into labeling printer. 

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 INSTALLATION OF TWISTED-PAIR 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 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." 

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. Install conductors parallel with or at right 
angles to sides and back of enclosure. 

D. General Requirements for Cabling: 

1. Comply with TIA-568-C.1. 
2. Comply with BICSI's Information Transport Systems Installation Methods Manual, 

Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Section. 
3. Install 110-style IDC termination hardware unless otherwise indicated. 
4. Do not untwist twisted pair cables more than 1/2 inch (12 mm) from the point of 

termination to maintain cable geometry. 
5. Terminate all conductors; no cable shall contain unterminated elements. Make 

terminations only at indicated outlets, terminals, cross-connects, and patch panels. 
6. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches 

(760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, 
racks, frames, and terminals. 

7. Install lacing bars to restrain cables, prevent straining connections, and prevent bending 
cables to smaller radii than minimums recommended by manufacturer. 
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8. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's 
limitations on bending radii, but not less than radii specified in BICSI information 
Transport Systems Installation Methods Manual, Ch. 5, "Copper Structured Cabling 
Systems," "Cable Termination Practices" Section. Use lacing bars and distribution spools. 

9. 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. 

10. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps 
shall not be used for heating. 

11. In the communications equipment room, install a 10-foot- (3-m-) long service loop on 
each end of cable. 

12. Pulling Cable: Comply with BICSI Information Transport Systems Installation Methods 
Manual, Ch. 5, "Copper Structured Cabling Systems," "Pulling and Installing Cable" 
Section. Monitor cable pull tensions. 

E. Group connecting hardware for cables into separate logical fields. 

F. Separation from EMI Sources: 

1. Comply with recommendations from BICSI's "Telecommunications Distribution 
Methods Manual" and TIA-569-D for separating unshielded copper communication cable 
from potential EMI sources, including electrical power lines and equipment. 

3.2 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with "Firestopping Systems" Article in BISCI's "Telecommunications Distribution 
Methods Manual." 

3.3 GROUNDING 

A. Install grounding according to the "Grounding, Bonding, and Electrical Protection" chapter in 
BICSI's "Telecommunications Distribution Methods Manual." 

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 a 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding 
bus bar to suitable electrical building ground, using a minimum No. 4 AWG grounding 
electrode conductor. 

D. Bond metallic equipment to the grounding bus bar, using not smaller than a No. 6 AWG 
equipment grounding conductor. 

E. Equipment grounding conductors. 

F. Cable and Wire Identification: 
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1. Label each cable within 4 inches (100 mm) 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 the 
device if wire color 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 (4.5 m). 

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, extended from a panel or cabinet to a building-
mounted device, with the name and number of a particular device. 

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 communication cabling, 
use a different color for jacks and plugs of each service. 

G. Labels shall be preprinted or computer-printed type, with a printing area and font color that 
contrast with cable jacket color but still comply with TIA-606-B requirements for the following: 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Visually inspect jacket materials for NRTL certification markings. Inspect cabling 
terminations in communications equipment rooms for compliance with color-coding for 
pin assignments, and inspect cabling connections for compliance with TIA-568-C.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 
and patch cords, and labeling of all components. 

3. Test twisted pair 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. 

C. Data for each measurement shall be documented. Data for submittals shall be printed in a 
summary report that is formatted similarly to Table 10.1 in BICSI's "Telecommunications 
Distribution Methods Manual," or shall be transferred from the instrument to the computer, 
saved as text files, printed, and submitted. 

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. 

END OF SECTION 271513 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 
 
SECTION 281300 - INTEGRATED ACCESS CONTROL AND SECURITY MANAGEMENT 
SYSTEM 
 
PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Provide a modular and network-enabled access control system for security management, 
including engineering, supply, installation, and activation.   

1.2 REFERENCES 

A. Reference Standards:  Systems specified in this Section shall meet or exceed the 
requirements of the following: 

1. Federal Communications Commission (FCC): 

a. FCC Part 15 – Radio Frequency Device 

b. FCC Part 68 – Connection of Terminal Equipment to the Telephone Network 

2. Underwriters Laboratories (UL): 

a. UL294 – Access Control System Units 

b. UL1076 – Proprietary Burglar Alarm Units and Systems 

3. National Fire Protection Association (NFPA): 

a. NFPA70 – National Electrical Code 

4. Electronic Industries Alliance (EIA): 

a. RS232C – Interface between Data Terminal Equipment and Data 
Communications Equipment Employing Serial Binary Data Interchange 

b. RS485 – Electrical Characteristics of Generators and Receivers for use in 
Balanced Digital Multi-Point Systems 

5. Federal Information Processing Standards (FIPS): 

a. Advanced Encryption Standard (AES) (FIPS 197) 

b. FIPS 201: Personal Identity Verification (PIV) of Federal Employees and 
Contractors 

6. Homeland Security Presidential Directive 12 (HSPD-12) 

1.3 INTEGRATED SECURITY MANAGEMENT SYSTEM DESCRIPTION 
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A. The Integrated Security Management System (ISMS) shall function as an electronic access 
control system and shall integrate the alarm monitoring, CCTV, digital video, ID badging 
and database management into a single platform. ISMS shall function as a one-stop gateway 
for all the access control needs. A modular and network-enabled architecture shall allow 
maximum versatility for tailoring secure and dependable access and alarm monitoring 
solutions. 

1.4 SUBMITTALS 

A. Manufacturer’s Product Data:  Submit manufacturer’s data sheets indicating systems and 
components proposed for use. 

B. Shop Drawings:  Submit complete shop drawings indicating system components, wiring 
diagrams and load calculations. 

C. Record Drawings:  During construction maintain record drawings indicating location of 
equipment and wiring.  Submit an electronic version of record drawings for the Security 
Management System not later than Substantial Completion of the project. 

D. Operation and Maintenance Data:  Submit manufacturer’s operation and maintenance data, 
customized to the Security Management System installed.  Include system and operator 
manuals. 

E. Maintenance Service Agreement:  Submit a sample copy of the manufacturer’s maintenance 
service agreement, including cost and services for two years, for the Owner’s review. 

1.5 QUALITY ASSURANCE 

A. Manufacturer:  A minimum of ten years of experience in manufacturing and maintaining 
Security Management Systems.  Manufacturer shall be Microsoft Gold Certified. 

B. The Installer must be certified by Honeywell Integrated Security Dealer Service Certification 
Program (DSCP). 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver materials in manufacturer’s labeled packages.  Store and handle in accordance with 
the manufacturer’s requirements. 

1.7 WARRANTY 

A. Manufacturer’s Warranty:  Submit manufacturer’s standard warranty for the security 
management system. 

1.8 DEFINITIONS 

A. Access Card: A coded employee card, usually the size of a credit card, recognizable to the 
access control system and read by a reader to allow access.  It can be used for photo 
identification of the cardholder and for other data collection purposes.  Card technologies 
include magnetic strips, Wiegand-effect, proximity (active/passive), barium ferrite, 
smart/intelligent cards and mobile credentials (smart phone with a credential/app).  

B. Abstract Device: An Abstract Device (ADV) is a logical representation of a physical device. 
The ADVs can be associated with any hardware device, including communication interfaces, 
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panels, alarm points, entrances, and CCTV equipment. The ADVs help in monitoring the 
device status and controlling the actions of a physical device through the Control Map, Floor 
Plan, or Alarm View. 

C. Access Control System: An interconnected set of controllers, managing the entrance and exit 
of people through secure areas. 

D. WIN-PAK Web: The WIN-PAK Web application is an extension of the WIN-PAK host 
application with limited operations. The day-to-day operations such as Card/User 
management, Reports, Door control, Schedules, viewing live card event activities that are 
common to both WIN-PAK host and WIN-PAK Web application are saved on a common 
database server. The WIN-PAK Web UI works using the WIN-PAK Web server. 

E. Access Level: The door or combination of doors and/or barriers an individual is authorized 
to pass through.  

F. Anti-Pass back (Anti-Tailgating): This feature protects against more than one person using 
the same card or number.  It defines each system card reader and card ID number as IN, 
OUT or other.  Once a card is granted access to an IN reader, it must be presented to an OUT 
reader before another IN reader access is granted.  Cards will continue to have access to all 
authorized OTHER readers. 

G. Alarm: A signal that indicates a problem. 

H. Alarm input: A device that is monitored by the access control panel. An alarm signal will be 
generated if the device is activated.  

I. Badge: Badge is a template or a design for creating a card. WIN-PAK includes a full-
featured badge layout utility for designing, creating, and printing badges. Badge design 
includes magnetic stripe encoding, bar coding, signatures, and so on. 

J. Bar Code: A method of encoding information using lines and blank spaces of varying size 
and thickness to represent alphanumeric characters. 

K. Biometrics: A general term for the verification of individuals using unique biological 
characteristics (i.e. fingerprints, hand geometry, voice analysis, the retinal pattern in the eye). 

L. Card and Card Holder: A card is an identity proof of a person and a card holder is a person 
who holds the card. Multiple cards can be assigned to a single card holder to provide 
different access. 

M. Controller: A microprocessor based circuit board that manages access to a secure area. The 
controller receives information that it uses to determine through which doors and at what 
times cardholders are granted access to secure areas. Based on that information, the 
controller can lock/unlock doors, sound alarms, and communicate status to a host computer. 

N. Communication Port: A hardware device that allows a computer to communicate with 
external devices. 

O. Card Reader: A device that retrieves information stored on an access card and transmits that 
information to a controller. 
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P. Digital Video Recorder (DVR): A security system device that records the video from the 
surveillance cameras (IP and Analog) on a hard disk.  

Q. Door: A generic term for a securable entry way. In many access control applications, a 
"door" may be a gate, turnstile, elevator door, or similar device. 

R. Duress: Forcing a person to provide access to a secure area against that person's wishes.  

S. Guard Tour: A defined route of a security guard. 

T. Host Computer: The central controlling computer from which access control software 
applications are run. 

U. Input: An electronic sensor on a controller that detects a change of state in a device outside 
the controller.   

V. Keypad: An alphanumeric grid which allows a user to enter an identification code. A flat 
device which has buttons that may be pressed in a sequence to send data to a controller, and 
which differs from a typewriter-like computer board.  

W. Online Help: A reference program within most software programs that provides basic 
descriptions and instructions on how to use that software program. 

X. Output Relay: A device that changes its state upon receiving a signal from a controller. 
Typically, the state change prompts an action outside of the controller such as activating or 
inactivating a device. The auxiliary relays found in access control panels or NODES that 
control external devices. 

Y. Reader: A device that "receives" an identification code from a card, key tag, magnetic stripe 
card, bar code card, or related item. Refers to the “front end” that a user must interact with to 
allow access. Readers can be keypads, card readers, proximity readers, and so on. 

Z. RS232: A serial communication protocol used for connecting data terminal devices. RS-232 
is the most commonly used communication protocol. 

AA. Server: The host computer, which has the ISMS functions. 

BB. Shunt Time: The length of time a door open alarm is suppressed (shunted) after a valid card 
access or free egress request. This time should be just enough to allow a card user to open a 
door or gate, pass through, and then close it. 

CC. Time zones: "Schedules" that allow cards to function or not function depending on the time 
of day. This is used to limit access to the facility. The schedule may include not only time but 
which days of the week a card is valid. 

DD. Wiegand Card: An access control card based on the Wiegand effect. Small bits of specially 
processed wire are embedded in the card in a pattern that uniquely identifies the card. This 
identification information can then be decoded by a Wiegand reader. 

EE. Wiegand Reader: A reader capable of reading the information encoded on a Wiegand card. 

FF. Video Management System (VMS): An enterprise-class video management and storage 
solution. 
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PART 2  - PRODUCTS 

2.1 MANUFACTURER 

1. Honeywell 

2. Johnson Controls 

3. Bosch 

2.2 ISMS COMPONENTS 

The ISMS shall be divided into six components: Database Server, Archive Server, Communication Server, 
User Interface, WIN-PAK API Server, and WIN-PAK Web. These components shall run on a single 
computer or on multiple computers, allowing flexibility in configuring a networked system. 

a. Database Server: The database server is used for storing the database tables. 
This data is accessible to communication server and user interface for retrieving 
and generating the reports. The database server shall be installed on the client 
computer or any other computer connected to the network. 

b. Archive Server: The archive server is used to obtain data from the archive 
database (the archive database consists of the backup details of the WINPAK 
main database).  

c. Communication Server: The communication server routes user interface 
requests as well as the access transactions to the panel. The panel in-turn 
processes the transactions and sends the information to the database server as 
well as responses to the user interface through the communication server. When 
the communication server is sending information to the database server, it can 
also receive a request from the user interface. In this scenario, the 
communication server considers the user request as a higher priority and stops 
the panel-database server communication until the user request is processed.  
The communication server shall be installed on the client computer or any other 
computer connected to the network. 

d. User Interface (ISMS Client): The user interface helps ISMS operators to 
communicate with the access control system. The user interface shall be 
installed on the computer where the database server or the communication 
server is installed or any other computer connected to the network. Several 
client computers can be run simultaneously and can access the single database 
server simultaneously. The number of client computers varies based on the 
licensing information of ISMS. 

e. WIN-PAK API Server: The API server is used to obtain and set the details in 
the WIN-PAK database using the Application Programming Interface (API). 

f. WIN-PAK Web: The WIN-PAK Web application is an extension of the WIN-
PAK host application with limited operations. The operations such as Adding 
Cards, and Adding Card Holders that are common to both WIN-PAK host and 
WIN-PAK Web application are saved on a common database server. 
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In addition to above six components, ISMS include the following four components, also called as ISMS 
services. 

g. Command File Server: A command file server provides text files containing 
device instructions that shall be stored in the command files database. The 
commands in the command files can be sent to the devices automatically on 
receiving, acknowledging, or clearing an alarm. Also, the command files can be 
manually executed. 

h. Guard Tour server: A guard tour is a defined series of check points a guard must 
activate within a given amount of time. The check points are readers or input 
points where the guard presents the card or presses the button. 

i. Tracking and Muster Server: A muster server is enabled in the event of an 
emergency and allows the card holders to swipe the readers. Muster areas are 
logical areas that contain readers to be used by the card holders, only if there is 
a call for muster (in the event of a disaster, for example). 

j. Schedule Server: A schedule server schedules the list of events to be performed 
at a predetermined time and intervals such as hourly, daily, or monthly. 

k. Video Management Server: A video management server provides interface to 
connect to various DVR's/NVR's. In addition, it also provides CCTV control 
with live monitor display, PTZ control of cameras, video playback operations, 
and so on. 

2.3 INTEGRATED SECURITY MANAGEMENT SYSTEM OPERATIONAL REQUIREMENTS 

A. The ISMS shall be a modular and network-enabled access control system capable of 
controlling multiple remote sites, alarm monitoring, video imaging, ID badging, mobile 
credential provisioning, paging, digital video and CCTV switching and control that allows 
for easy expansion or modification of inputs and remote-control stations. The ISMS control 
at a central computer location shall be under the control of a single software program and 
shall provide full integration of all components. It shall be alterable at any time depending 
upon facility requirements. The ISMS reconfiguration shall be accomplished online through 
system programming.  

The ISMS shall include the following features:  

1. Multi-User/Network Capabilities:  The ISMS shall support multiple operator 
workstations via local area network/wide area network (LAN/WAN). The 
communications between the workstations and the server computer shall utilize the 
TCP/IP standard over industry standard IEEE 802.3 (Ethernet).  The communications 
between the server and workstations shall be supervised, and shall automatically 
generate alarm messages when the server is unable to communicate with a 
workstation. The operators on the network server shall have the capability to log on to 
workstations and remotely configure the devices for the workstation. Standard 
operator permission levels shall be enforced, with full operator audit.  
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2. Operating Environment: The ISMS shall be a true 32-bit or 64-bit, 3-tier client/server, 
ODBC compliant application based on Microsoft tools and standards. The ISMS 
application shall operate in the following environments: Microsoft Windows® Server 
2016, Windows Server 2012 R2,  Windows 10 Professional and Windows 8.1 
Professional; Windows 7 SP1 (64-bit) for workstations only. 

3. WIN-PAK Web: Using the Web interface, any operator from any customer location 
can access the WIN-PAK database server from any computer on the network. The 
operators at the customer sites must be granted appropriate access rights for accessing 
the WIN-PAK database server through the Web interface. These access rights are 
granted by the WIN-PAK Administrator using the WIN-PAK host application. 

4. Multiple Servers: The ISMS shall consist of multiple servers including, but not limited 
to, database server, communications server, and client workstation. The servers shall 
be capable of being installed on one or more computers across a network providing a 
distribution of system activities and processes. The ISMS shall support multiple 
communication servers on a LAN/WAN, to provide distributed networking 
capabilities, which significantly improve system performance. 

5. Multi-level Password Protection: The ISMS application shall provide multi-level 
password protection, with user-defined operator name/password combinations. 
Name/password log-on shall restrict operators to selected areas of the program. The 
application shall allow the assignment of operator levels to define the system 
components that each operator has access to view, operate, change, or delete. 

6. Graphical User Interface:  The ISMS shall be fully compliant with Microsoft 
Graphical User Interface (GUI) standards, with the look and feel of the software being 
that of a standard Windows application, including hardware tree-based system 
configuration. 

7. Online Help: The ISMS user interface shall include an Online Help which shall 
require only one click to activate. The standard special function key “F1” shall have 
the capability to be programmed to provide access to the help system.  

8. Guard Tour:  The Security Management System shall include a guard tour module, 
which shall allow the users to program guard tours for their facility. The tours shall 
not require the need for independent or dedicated readers. 

9. Concurrent Licensing:  The ISMS shall support concurrent client workstation 
licensing. The ISMS application shall be installed on any number of client 
workstations, and shall provide the ability for any of the client workstations to connect 
to the database server if the maximum number of concurrent connections purchased 
has not been exceeded.  

10. Concurrent browser connections: a minimum of 100 concurrent web connections shall 
be included as standard to manage day-to-day access control tasks including but not 
limited to: Card and Cardholder (Names, Notes fields, Note Field creation and Note 
Field templates); Badge Printing; Door Schedules; Lock Control; Panic Door control; 
Schedules; Holidays; Access Level; Reports; Report Templates and Schedules; 
Messaging, viewing live card activities and Locate functions. 
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11. WIN-PAK supports multiple installation types. 

a. Single Server Deployment: Installs all the WIN-PAK components such as 
client, server, web, API, VMS, and support programs. 

b. Dual Server Deployment: The dual server deployment is hosted on two 
computers. The first computer, server 1, will have the complete host, API, and 
the VMS installed. The second computer, server 2, will have the host User 
Interface, Remote communication server, VMS, and Web installed. 

12. Relational Database Management System:  The Security Management System shall 
support industry standard relational database management systems. This shall include 
relational database management system Microsoft SQL Server 2014 Enterprise 
Edition. The RDBMS shall provide edit, add, delete, search, sort, and print options for 
records in the selected databases. 

13. Database Partitioning: The Security Management System shall provide the option to 
restrict access to sensitive information by user ID. 

14. Unicode:  The Security Management System shall utilize Unicode worldwide 
character set standard. The Security Management System shall support double-byte 
character sets to facilitate adaptation of the Security Management System user 
interface and documentation to new international markets. Language support shall 
include at a minimum English and French.    

15. Encryption:  The Security Management System shall provide multiple levels of data 
encryption. 

a. True 128-bit AES data encryption between the host and intelligent controllers. 
The encryption shall ensure data integrity that is compliant with the 
requirements of FIPS-197 and SCIF environments. Master keys shall be 
downloaded to the intelligent controller, which shall then be authenticated 
through the Security Management System based on a successful match. 

b. Transparent database encryption, including log files and backups. 

c. SQL secure connections via SSL. 

d. Asymmetric Column level encryption is used for personal data fields in the 
SQL data fields. 

16. Industry Standard Panel Communication: The ISMS application shall communicate 
with the access control panels via LAN/WAN connections utilizing industry standard 
communication protocols. 

17. Supervised Alarm Points: The system shall provide both supervised and non-
supervised alarm point monitoring. On recognition of an alarm, the system shall can 
switch and displaying the video from the camera connected to the digital video 
recorder that is associated with the alarm point.  

18. Multiple Account Support: The ISMS application shall allow support for multiple 
accounts allowing separate access to the card database, badge layout, operator access, 
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and reporting. Physical hardware may be filtered by operator level into sites. Sites 
may reside in multiple accounts.  

19. Logical Representation of Hardware Devices: The ISMS shall use Abstract Devices 
(ADV) for representing physical hardware devices in the system. The ADVs shall be 
used in Floor Plans to provide the user interface to control and monitor the system, 
and shall also be used in the data trees to organize, display, and control system 
information. 

20. Access Control Functions: The ISMS shall include the following access control 
functions: validation based on time of day, day of week, holiday scheduling, site code 
and card number verification, automatic or manual retrieval of cardholder 
photographs, and access validation based on positive verification of card, card and 
PIN, card or pin, pin only and Site Code only. 

21. Digital Video Recorders (DVRs) Support: The ISMS shall support the RapidEye, 
Fusion, MAXPRO NVR, HRDP and Performance Series DVRs. 

22. Camera Functions: The ISMS shall include the following camera functions:  pan/tilt, 
lens control, limits, and home. 

23. Live Video Display: The ISMS shall provide an option to view live video from a 
camera connected to the digital video recorder on the computer screen. The live video 
window shall allow the user to change its size and location on the computer screen. 
Video controls (pan, tilt, zoom) shall be available to customize the display of live 
video to the user’s requirements. 

24. Global and Local Anti-passback:  The Security Management System shall support the 
use of an optional anti-passback mode, in which cardholders are required to follow a 
proper in/out sequence within the assigned area. 

25. Alarm Events: The ISMS shall include a feature where alarm events with defined 
priorities pop-up automatically in an Alarm event window for operator attention.  The 
pop-up shall display the name of the event (reader, alarm point, cardholder, or system 
alarm), time, date, site, account. In a card event, the card number, type of event and 
cardholder name is displayed. An event counter shall also display the number of times 
the event was reported to the Alarm event monitor prior to Acknowledgement or 
Clearing the event.  Event instructions shall be made available by double clicking on 
the event. The event shall also display an icon to indicate that video is available for 
events so programmed. The Alarm event window shall allow the operator to initiate a 
physical response to the event as well as a written response. Responses shall include 
but not be limited to: acknowledge, clear, open a pre-programmed floor plan, 
energize, de-energize, pulse, time pulse, add comment, retrieve event video, and bring 
up live video, shunt, or un-shunt. 

26. Manual Panel Control: The ISMS application shall allow manual control of selected 
inputs, outputs, and groups of outputs. Manual panel control shall include pulse, timed 
pulse, and energize/de-energize or return to time zone options for output points and 
shunt/unshunt or return to time zone options for input points.  For entrances and 
readers manual control shall include but be limited to Lock, Un-Lock, Disable, Card 
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only, Card-Pin only, Pin only, exit only and site code only. For partitions monitored by 
the intrusion panel the control shall include but not be limited to arm away, arm stay, 
disarm, refresh, and provide a virtual keypad for the partition.  For zones monitored 
by the intrusion panel the control shall include but not be limited to bypass, unbypass, 
and refresh.  Intrusion panel output control shall include activate, deactivate and 
refresh. 

27. Levels of System Operation: The ISMS shall include a feature to define the levels of 
system operation for each individual operator using passwords. System operation for 
individual operators shall include, but not be limited to, restricted time periods for 
login, available accounts and default language selection at login. Operator actions 
range from no view or control rights to basic monitoring including the ability to block 
the viewing of card and or personal identification numbers, to full control of the 
system including programming. 

28. Hardware Configuration Changes: After installation of ISMS application, the 
customer shall be able to perform hardware configuration changes. These hardware 
configuration changes shall include, but not be limited to, door open time, door 
contact shunt time, point and reader names, when and where a cardholder is valid, and 
the ability to add or modify card databases as desired; For the intrusion system, any 
function that can be programmed from a physical keypad shall also be available from 
the system’s virtual keypad, without the services of the Contractor or Manufacturer. 

29. Distributed Processing: All the control components of the ISMS shall utilize 
“Distributed-Processing” concepts. The distributed processing shall include the ability 
to download operating parameters to any field panel, thus allowing the field panel to 
provide full operating functions independent of the access control system computer. 

30. Flexible Component replacement: The repair of hardware components associated to 
the ISMS shall be accomplished on site, by a new replacement, utilizing spare 
components. 

B. The ISMS application shall have the major functional capabilities (considered essential for 
the system described in this specification) categorized as follows: 

1. General  

a. All the databases shall have the ability to add, delete, report, view, and edit 
information. 

b. All the system transactions shall be saved in a retrievable file. 

c. All the events shall be logged by date and time. 

d. All the system transactions or selected system transactions shall be saved in a 
disk file. 

e. The end-user shall have the provision to make any system configuration 
changes such as, but not limited to door open time, door contact shunt time, 
point and reader names, when and where a cardholder is valid, and the ability to 
add or modify card databases at any time. 
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f. Shall support “Global Anti-pass back”, feature allowing cardholder to enter/exit 
any such defined card reader on the same intelligent control panel or RS-485 
drop-line consisting of 2 and 4 door controllers. 

g. Anti-pass back modes shall include: hard (no forgiveness), soft (allows access 
but generates an alarm event) and timed for all readers on the intelligent 
controller, on specified reader or card for a definable period of time up to 
32,000 seconds. 

h. Shall support the “Duress” feature, where a PIN is used in conjunction with a 
card read; the numbers of digits are selected using the keypad where the PIN 
number is a value different from the normal PIN. 

i. Shall support the “Two card holder” rule, where two valid, non-identical 
“cards” must be used within a 20 second period to grant access. 

j. Shall have the option to display the time when a card holder using a reader has 
accessed (opened) the door or the card was used, but the door was not opened. 

k. Shall support the “Latch mode” operation where the first card read unlocks the 
door and the second card read locks it. 

l. Shall provide a mode of system operation that stores system commands not 
accepted by the hardware. 

m. Shall provide a mode of system operation that requires the operator to enter a 
response to an event when acknowledging it from the alarm view window. 

n. Shall provide a mode of system operation that allows acknowledged alarms to 
be automatically cleared. 

o. Shall provide a mode of system operation where when an acknowledged, but 
not cleared event will be reissued requiring acknowledgement when the event 
changes to an alarm or trouble state. 

p. Shall provide a mode of system operation that does not allow the operator to 
clear an alarm before prior to it being restored to normal. 

q. Shall provide the ability for manual operator control of system output relays. 
The manual functions shall include the ability to energize, de-energize, return to 
time zone, or pulse the output relay. The pulse time shall be a programmable 
setting. 

r. Shall provide the ability for manual operator control of system doors. The 
manual functions shall include the ability to Lock, Un-Lock, Disable, Card 
only, Card-Pin only, Pin only, exit only and site code only. 

s. Shall provide the ability to automatically display stored “video image” of 
cardholder, and switch real-time camera from CCTV or digital video server to 
card reader location for specific card usage. 

t. The cardholder “video image” pop-up shall be activated based on a priority 
level set to the cardholder or reader. Information in the pop-up shall include, 
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but not be limited to the card holder’s primary image a live video pop-up 
showing the person who initiated the pop-up, entrance name, time, date, 
cardholder name, and status. User shall be able to display up to 40 note fields. 
The size of the pop-ups shall be adjustable by the operator. 

u. Shall support multiple card reader technology including: Proximity, Wiegand 
effect, Biometrics, Magnetic stripe, Bar Code, Keypad, Card/keypad (PIN), 
High-speed long-range Vehicle ID, Smart Card and mobile credentials (smart 
phone with a credential/app). 

v. Shall provide an option for taking scheduled automatic backups of any or all 
database system files.  A means to restore these files from a simple menu shall 
exist. 

w. Shall provide the ability to address up to 255 serial communication ports per 
communication server, where each port can be configured for either hardwired, 
or dial-up. When configured for dial-up, any one port can support multiple 
dial-up locations. 

x. Communication from the access control communication server to the remote 
intelligent control panels shall be selectable.  Communication options shall be 
RS-232 directly to the intelligent control, via RS-485 converter, dial-up, leased 
line from a defined communication port or by LAN/WAN using an IP address 
for direct connection to the intelligent controller via network interface card.  
When using IP addressing it shall be un-acceptable to use a communication port 
converter device on the communication server side of the transmission.  A 
minimum of 255 such IP connections shall be allowed per communication 
server. 

y. All commands and updates to the panels shall be verified and shall 
automatically retry if communications fail. 

z. Shall provide a system scheduler that shall automatically: Call remote locations 
to retrieve history transactions and update panel information, including time 
and date, Activate or deactivate cards locally or at remote dial-up sites, Initiate 
a pre-programmed command event/action, Synchronize system to intelligent 
controller time, Run a pre-defined (template) History report, Run a pre-defined 
(template) Card Holder report, Card frequency report defined by reader(s), over 
a defined period of time with disposition options to automatically report or 
report and de-activate card or change the access level of the card, Frequency 
shall be defined as Never, Now, Once, Hourly, Daily, and Weekly, Once per 2 
weeks, and Monthly. 

aa. Shall provide drop boxes for all system-required information that the user has 
previously entered. 

bb. Shall provide the ability to initiate an email (via SMTP using SSL and TLS 
services) or page to a paging system based on a transaction state. A transaction 
state shall be defined as but not limited to Normal, Alarm, Trouble, Ajar, Trace, 
Not Found, Anti-Passback Violation, PIN Violation, Time Zone Violation, Site 
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Code Violation, Door Used, Duress, No Second Card Presented, Trace Card or 
Expired Card, and System Alarms including, Panel Com, Panel Power Failure, 
Modem Pool, Guard Tour, and Tamper.  Intrusion partition events including but 
not limited to: Alarm, Alarm Cancel, Aram Away, Arm Stay, Auto Arm, Auto 
Disarm, Bypass, Disarm, Early Arm, Early Disarm, Fail to Arm, Fail to Disarm, 
Normal, Not Ready, Part Arm, Quick Arm, Recent Close, Remote Arm, Remote 
Disarm, Unbypass, User Code Added, User Code Deleted, user Code Edited.  
Intrusion zone events including but not limited to: Alarm, Alarm Restore, 
Bypass, Fault, Fault Restore, Normal, Trouble, Trouble Restore, and Unbypass. 
Intrusion output events including but not limited to: Alarm, Communication 
Loss, Normal, Tamper, and Tamper Restore.  Intrusion panel events including 
but not limited to: Access Denied, Automatic Test, Comm Fail, Comm Restore, 
Faults, Faults Restore, Line Restore, Line Trouble, Manual Test, Pager Restore, 
Pager Trouble, AC Restore, AC Trouble, Alarm, Battery Low, Battery Low 
Restore, Disarm, Normal, Recent Close, Reset, Panic Alarm, Power Up, 
Program begin, Program Changed, Program End, System Shutdown, System 
Shutdown Restore, Tamper Alarm, Tamper Restore, Test End, Test Start, 
Time/Date changed. 

cc. Shall include a “host grant” mode of operation that requires the host computer 
to grant accesses to “valid” cards.  An alternate host grant mode shall allow the 
card access information to be downloaded along with unlocking the door for 
“valid” cards. 

2. Cards 

a. Shall provide a simple card and card holder database import utility. The utility 
shall be password protected and accessible only to administrators of the access 
control system. Information that can be imported shall include but not be 
limited to: First Name, Last Name, Card Number, Activation Date, De-
activation Date, Status, up to 40 note fields and Photo Images. A simple CSV 
(comma separated value) file shall be used for the importing of data and image 
file names. 

b. Cardholder information shall include unique card number up to 20 digits and 
optional Personal Identification Number up to 10 digits. 

c. Shall allow multiple cards, mobile access credentials or finger print enrollment 
per cardholder. 

d. Shall allow 32 access levels to be assigned to a card, or a single “precision” 
access level.  When using “precision” access levels it shall be possible to create 
a unique access level per card using an existing access level as a baseline 
template.  This customized card access level shall have both beginning and 
ending dates. 

e. Shall provide 40 user defined fields. 

f. Each card holder note field shall allow the option to be entered as free form 
data or structured data. Structured data shall be by use of a template or drop list. 
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The template and drop list shall be created by the operator.  The capacity of the 
template shall allow for up to 65,000 characters. 

g. Provides special card options that shall include, but are not limited to: Time 
zone reference, which defines valid time; visitor use, which provides a specified 
activation date and expiration date (spanning years); limited use up to 255 uses; 
allow arming of the intrusion system; Standard, Supervisor and VIP card type 
providing special door privileges based on scheduled or event based functions; 
Trigger control value, which can initiate a predefined procedure at the 
intelligent control independent from any control function from the system 
computer. 

h. Shall provide a card “Trace” function. The Trace function shall allow normal 
access control, but will provide a tracking alarm at the system monitor. 

i. Shall provide the ability to store digital images of cardholder or other digital 
images such as property or family members. Up to 99 such images shall be 
associated with the cardholder. 

j. Shall provide the ability to store a written signature of the cardholder or other 
signatures such as family members. Up to 99 such signatures shall be 
associated with the cardholder. 

k. Shall provide the ability to prioritize specific card event types from 1 to 99 with 
separate priority options that shall include but not be limited to Anti-pass back, 
Trace, PIN Violation, Normal, Not Found, Expired, Host Grant, Site Code and 
Time Zone card activities or violations. 

l. Shall allow the user the ability to send an e-mail message, selectable per card 
event type. 

m. Upon editing card and biometric information, the updated information shall be 
sent automatically to the appropriate access control panel, when hardwired, 
with no other user intervention. If the port is dial-up, the entry will be stored on 
disk and shall be updated when connection is made to the remote loop. If the 
scheduler is used, then card updates shall be sent based on scheduling. 

n. In a traditional (Wiegand) 5-digit card database, the numbers 0 and 65,535 shall 
not be valid card numbers as some devices transmit these numbers on an 
improper read. 

o. Duplicate Card numbers shall not be allowed within an Account.  However if 
more than one account is used, each account can have a single occurrence of the 
same number and per account that card number can be used by a different card 
holder. 

p. Integrated biometric enrollment functions shall be managed directly inside the 
PAC UI without the need to use a 3rd party software.  

q. Integrated assignment/managing/enrollment of mobile access credentials shall 
be accomplished inside the PAC UI without the need to external or 3rd party 
portals or software. 
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3. Access Levels 

a. Shall provide an option to define specific access times. 

b. Shall provide an option to define specific readers for access. 

c. Shall provide a template of a defined access level detail, where changes can be 
made to the template and saved as a new access level detail. 

d. Shall provide an access control tree structure that allows groupings of 
entrances. User shall have the ability to group program all entrances on the 
branch or make specific changes to individual entrances. 

e. Shall provide an option per reader so configured, to select a predefined group of 
relays to utilize instead of a single relay.  Commonly used for elevator control 
applications. The relay “Group” can also provide uniquely programmed pulse 
time used to allow varying access time for special needs applications. 

4. Video Management Server 

a. Shall support the following Digital Video Recorders (DVRs): RapidEye, 
MAXPRO NVR, HRDP Performance Series, Performance Series (ENVR) and 
Fusion from Honeywell. 

b. Shall provide an option to configure the DVRs to a video management server. 

c. Shall provide an option to configure the cameras, inputs, and outputs to the 
DVRs. 

d. Shall provide an interface to a network of digital video servers. 

e. Shall provide an option to discover all the cameras connected the DVRs. 

f. Shall provide the ability to manually access live video from any camera on any 
defined digital video server. 

g. The viewer windows shall allow at least 16 live videos to be displayed at one 
time. 

h. The viewable size of the viewer salvo window shall be adjustable by using the 
common “click and drag” method. When adjusting height or width, the image 
shall retain the correct aspect ratio. 

i. Shall provide the ability to automatically pop-up any camera in the system 
based on any alarm point, system alarm or cardholder video image pop-up. 

j. Shall provide the ability to manually control the pan, tilt, and lens functions 
(zoom, iris, and focus) of cameras so equipped. 

k. A “live view” from the Digital Video Server shall be displayed on the system 
computer without the use of any add in video capture card. 
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l. Live views shall allow for the change in image resolution or aspect ratio to 
optimize the viewing quality to the native video. 

m. The ability to change the size and location of the view shall exist. 

n. The digital video server window shall also supply the ability to select a digital 
video server, camera, live, from stored video using user defined time and date. 

o. A filter option shall allow the operator to define a date, time, transaction type, 
device(s), card holder, card number, note field, card event type and alarm status.  
Once filtered all events will be displayed in a listing. The listing shall include 
on the same event line if the event has an associated video clip.  By clicking on 
the event, the time, date, camera, and digital server shall be preloaded in the 
manual selection boxes allowing the operator to simply click on the sorted 
event and then click on “show” to display the recorded event. 

p. Video Masking with Four-Eye override shall ensure privacy is managed in 
accordance to GDPR requirements. 

5. Camera control 

a. Shall provide an option to configure the settings of cameras connected to the 
respective DVRs. 

b. Shall provide an option to manually control the pan, tilt, and lens functions 
(zoom, iris, and focus). 

c. Shall provide an option to automatically switch any camera in the system to any 
monitor in the system based on any alarm point or system alarm. 

d. Shall display the live and recorded video in salvo window. 

e. Shall provide a set of options such as color correction, sync playback, flip, 
playing speed, remove text overlay and soon to customize the display of live 
and recorded video. 

f. Shall provide an option to configure the Video Motion, Video Loss, and PTZ 
loss events to cameras associated to all the DVRs. 

6. Alarm Monitoring – Alarms Only View 

a. Shall report alarm point activity. 

b. Shall provide color for each specific alarm point action, “Alarm”, “Normal”, 
and “Trouble”, conditions. 

c. Shall provide the ability to access the default floor plan graphic for any active 
alarm point by a right click option. 

d. Live video pop-up from the digital video server(s) shall follow the alarm event 
pop-up.  The number of live camera views in the pop-up window shall be no 
less than 16.  The live pop-up window shall allow the user to define the 
quantity of views from 1 – 16.  The ability to adjust the size of the live pop-up 
window shall exist. 
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e. Shall provide ability to bypass alarms in the system. 

f. Shall execute alarm notification in all modes of operation. 

g. Shall provide ability to acknowledge any intrusion alarm, event alarm, system 
alarm, card, or reader activity based on priority. 

h. Shall provide display of system activity with the higher priorities displayed at 
the top of the list with identical points stacked with a frequency count of each 
point’s change of state. 

i. Shall provide a video icon for events that have video associated with it. Right-
clicking on such an event shall allow the option to retrieve recorded video or 
view “live”. The stored video clip shall playback by default a minimum of 2 
seconds before the actual event without any adjustment. 

j. Viewable alarms shall include but not be limited to access control related events 
such as Door Normal, Door Alarm, Door Trouble, Door Ajar; Card events such 
as Not Found, Anti-Passback Violation, PIN Violation, Time Zone Violation, 
Site Code Violation, Door Used, Escort access Granted, Site Code Violation, 
Invalid format, Supervisor card Authenticated, Supervisor card Found, 
Supervisor mode Disabled, Supervisor mode Enabled, Supervisor card 
Required, Temporary Card Expired by Date, Temporary Card Expired by 
Number of Uses, VIP card Found, Duress, No Second Card Presented, Trace 
Card or Expired Card, and System Alarms including, Panel Com, Panel Power 
Failure, Modem Pool, Guard Tour, and Tamper.  Intrusion partition events 
including but not limited to: Alarm, Alarm Cancel, Aram Away, Arm Stay, Auto 
Arm, Auto Disarm, Bypass, Disarm, Early Arm, Early Disarm, Fail to Arm, Fail 
to Disarm, Normal, Not Ready, Part Arm, Quick Arm, Recent Close, Remote 
Arm, Remote Disarm, Unbypass, User Code Added, User Code Deleted, user 
Code Edited.  Intrusion zone events including but not limited to: Alarm, Alarm 
Restore, Bypass, Fault, Fault Restore, Normal, Trouble, Trouble Restore, and 
Unbypass. Intrusion output events including but not limited to: Alarm, 
Communication Loss, Normal, Tamper, and Tamper Restore.  Intrusion panel 
events including but not limited to: Access Denied, Automatic Test, Comm Fail, 
Comm Restore, Faults, Faults Restore, Line Restore, Line Trouble, Manual 
Test, Pager Restore, Pager Trouble, AC Restore, AC Trouble, Alarm, Battery 
Low, Battery Low Restore, Disarm, Normal, Recent Close, Reset, Panic Alarm, 
Power Up, Program begin, Program Changed, Program End, System Shutdown, 
System Shutdown Restore, Tamper Alarm, Tamper Restore, Test End, Test 
Start, Time/Date changed. 

k. Shall provide the ability for an operator to acknowledge and clear alarms from 
display. Prior to acknowledgment, the user shall be allowed to enter a response 
per alarm. The system shall offer a means to require acknowledgement of an 
alarm before it can be cleared. 

l. Shall provide a display of the most current transactions in real time. 
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m. Shall provide the ability for dynamic alarm monitoring of alarm points in real 
time on the system computer’s video display terminal. 

n. Shall provide an alarm view filter that is structured as a tree allowing the 
operator to select individual devices or groups of devices to be viewed. 

o. Shall provide a “System” alarm upon a loop integrity violation. 

p. Shall provide a “Panel Not Responding” alarm if communication to a panel is 
lost. 

q. Shall provide real time printing of alarms as they occur by line printing with a 
dot matrix printer or provide printing of alarms, one page at a time, using 
typical Windows page printing. 

7. Alarm Monitoring/System Control – Tree View 

a. Shall provide the ability for dynamic alarm monitoring of alarm points in real 
time on the system computer’s video display terminal. 

b. Shall provide color and icon shapes for each specific alarm point action of 
“Alarm”, “Normal”, “Trouble”, and “Shunted”. 

c. Access control panels in the alarm tree, like alarm points, shall also indicate if 
they are in the buffered mode of operation as well as any “system” related 
alarm such as “Tamper” or “Primary Power Loss” or Loss of communication. 

d. Devices connected to the communication server shall provide additional popup 
information as to the communication port or IP connection the device is 
programmed for. 

e. Shall provide an option to launch a Virtual keypad from an intrusion panel 
partition to monitor the physical keypad remotely and to administer 
programming changes via the Virtual keypad. 

f. The control tree shall be created by the user and allow for manual of control of 
all system devices.  By right clicking on a device in the tree, the operator can 
initiate the appropriate action from a pick list.  Actions shall include but not be 
limited to: Acknowledge All Alarms, Clear All Alarms, Send Time & Date, 
Send Camera Titles, Camera to Monitor Switch, Control Camera P/T/Z, Focus, 
Iris, Live Video, Retrieve Video from Clip, Run Command File, Lock, Unlock, 
Shunt, Unshunt, Pulse, Timed Pulse, Restore to Time Zone (Door Mode), Time 
Zone Schedule creation, change, Override Online Door Mode (Open, Lock, 
Card only, Card or PIN, Card and PIN, PIN only, Supervisor mode 
enable/disable, Supervisor mode, Escort Mode, Standard Mode), Initialize, 
Cancel Initialization, Buffer, Unbuffer, Connect Remote and Disconnect 
Remote from remote site. For partitions monitored by the intrusion panel the 
control shall include but not be limited to arm away, arm stay, disarm, refresh, 
and provide a virtual keypad for the partition.  For zones monitored by the 
intrusion panel the control shall include but not be limited to bypass, unbypass 
and refresh.  Intrusion panel output control shall include activate, deactivate and 
refresh. 
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8. Operator Database 

a. Shall allow the assignment of operator levels to define the system components 
that each operator has access to view, operate, change, or delete. 

b. Shall have the ability to view, edit, or delete cardholder sensitive information 
such as note fields, card number, and PIN shall be definable by field per 
operator. 

c. Shall provide the ability to define the accounts that the operator has access to. 

d. Shall provide the ability to log operator actions in the history files. 

e. Shall provide the ability to select the default language during operator logon. 

f. Shall provide specified time periods for the operator to logon 

g. Shall provide the ability to select if access to the Web browser is allowed. 

9. Access Control Panels 

a. Shall provide ability to program Action Messages and assign an alarm event 
priority. A specific action message may be displayed for each alarm, system 
alarm (communication, ground fault, power, panel reset, low voltage, and panel 
tamper), card, or reader usage state. States shall include but not be limited to: 
Incorrect Password, Panel Configuration Error, Panel Remote Dial-up Failed, 
Panel Remote Dial-up Successful, Poll Response Alarm, Poll Response 
Normal, Primary Power Failure, Primary Power Normal, Tamper Switch Alarm, 
Tamper Switch Normal, Unsupported Panel Version, Anti-Pass back Violation, 
Anti-Pass back Violation Door Not Used, Anti-Pass back Violation Door Used, 
Card Not Found, Door Normal, Door Alarm, Door Trouble, Door Ajar, Door 
Locked, Door Unlocked, Duress Request Denied, Duress Request Door not 
Used, Duress Request Door Used, Forced Open, Free Egress Door Not Used, 
Free Egress Door not Verified, Free Egress Door Used, Host Grant Card 
Downloaded, Host Grant Door Unlocked, Invalid Format, Invalid Format 
Reverse Read, Invalid Pin, Invalid Site Code, Invalid Time zone, Issue Code, 
Never Allowed at this Door, No Second Card Presented, Site Code Verified 
Door Not Used, Site Code Verified Door Used Trace Card, Valid Card Door 
Not Used, Valid Card Door Used, Escort access Granted, Site Code Violation, 
Invalid format, Supervisor card Authenticated, Supervisor card Found, 
Supervisor mode Disabled, Supervisor mode Enabled, Supervisor card 
Required, Temporary Card Expired by Date, Temporary Card Expired by 
Number of Uses, VIP card Found. Intrusion partition events including but not 
limited to: Alarm, Alarm Cancel, Aram Away, Arm Stay, Auto Arm, Auto 
Disarm, Bypass, Disarm, Early Arm, Early Disarm, Fail to Arm, Fail to Disarm, 
Normal, Not Ready, Part Arm, Quick Arm, Recent Close, Remote Arm, Remote 
Disarm, Unbypass, User Code Added, User Code Deleted, user Code Edited.  
Intrusion zone events including but not limited to: Alarm, Alarm Restore, 
Bypass, Fault, Fault Restore, Normal, Trouble, Trouble Restore, and Unbypass. 
Intrusion output events including but not limited to: Alarm, Communication 
Loss, Normal, Tamper, and Tamper Restore.  Intrusion panel events including 
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but not limited to: Access Denied, Automatic Test, Comm Fail, Comm Restore, 
Faults, Faults Restore, Line Restore, Line Trouble, Manual Test, Pager Restore, 
Pager Trouble, AC Restore, AC Trouble, Alarm, Battery Low, Battery Low 
Restore, Disarm, Normal, Recent Close, Reset, Panic Alarm, Power Up, 
Program begin, Program Changed, Program End, System Shutdown, System 
Shutdown Restore, Tamper Alarm, Tamper Restore, Test End, Test Start, 
Time/Date changed, Identification Success: Fingerprint, Identification Success: 
Fingerprint and Card, Verification Success: Card, Verification Success: Card 
and Fingerprint, User download success, Identification Failed, Verification 
Failed, Not Granted, Identification Duress. 

b. Shall provide the ability to program descriptions, shunt times, and momentary 
shunt times for all system alarm points. 

c. Shall provide ability to program descriptions, pulse times, and energize times 
for all system output relays used for door control and other auxiliary functions. 

d. Shall provide the ability to program descriptions for all system card readers. 

e. Shall monitor both supervised and non-supervised alarm points with the ability 
to select by point which point shall be supervised and define if the point is a 
normally closed or normally open point contact. 

f. Shall provide the ability to interlock any alarm point condition to an output 
relay. 

g. Shall provide the ability to interlock any alarm point condition to another alarm 
point. 

h. Shall provide the ability to interlock any alarm point to switch a camera to a 
system monitor. 

i. Shall provide ability to program alarms and associate incoming alarms with 
related outputs. 

j. Shall provide a programmable “delay” setting of 255 seconds for all system 
alarm points. The system shall not report the alarm condition until the delay 
setting has expired. 

k. Shall allow 8 different site codes to be used in the system. 

l. Shall support 32 readers per Intelligent Control Module. 

10. Reports 

a. Shall provide Card holder report capability with filter options to define door(s) 
that a card holder has access to, reporting card holder name, Card(s), Access 
Level/schedules, Activation/Expiration. Available in the Browser and 
workstation. 

b. Shall provide reporting capability for printing of selected system transactions 
from the disk files by specific time and date selection, range from time and date 
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to time and date, or from start time to end time each day of the selected date 
range. Available in the Browser and workstation. 

c. Shall provide reporting capability for selected card number displaying an audit 
trail of card changes detailing from-to when and by who.  Changes shall include 
but is not limited to access level changes, activation/expiration dates, card 
number edits, and card holder name changes. Available in the Browser and 
workstation. 

d. Shall provide a feature to generate a history report for an alarm point(s) state. 
An alarm point state shall be defined as Normal, Alarm, Trouble, or Ajar. 

e. Shall provide a feature to generate a history report of system alarms. A system 
alarm state shall be defined by panel and include any of the following 
information: communication, ground fault, power, panel reset, low voltage, 
panel tamper, and loop communication. 

f. Shall provide a feature to generate an ADV actions report, which provides 
information on how the system ADVs are configured including 
detailed/advanced video configurations. 

g. Shall provide a feature to generate a history report for a card(s) state. A card 
state shall be defined as Normal, Trace, and Not Found, Anti-Passback 
Violation, PIN Violation, Time Zone Violation, Site Code Violation, or Expired 
card, Identification Failed, Verification Failed, Not Granted and filter the report 
with defined reader location(s). Available in the Browser and workstation.  
Additional search criteria shall be available at the workstation to include 
cardholders that meet up to at least 3-note field restrictions. 

h. Shall provide a feature to generate a history report for system operator(s) 
activities. The report shall include time, date, operator name the device 
associated with the action and the type of action performed by the operator.  
Activities shall include but not limited to: acknowledged and cleared 
transactions, camera control, door mode, door and relay control such as unlock, 
lock; door and input control such as shunt, Unshunt; login, logout, panel 
initialization, panel buffer and panel Unbuffer. 

i. Shall provide complete database reporting of all data programmed into the 
system data files. 

j. Shall provide an option to define how long a card holder has been in a defined 
area. This report shall allow the time to be accumulated representing an 
attendance report. The definable filters shall include time/date range, reader(s) 
definition, card number, card holder and note field. The output of the report 
shall allow sort options to include First Name, Last Name, Event Time, and 
Card Number. The sorted data shall be selectable as Alpha or Numeric sorting 
and Ascending or Descending. 

k. Shall provide feature to generate a report based on the frequency of usage of a 
card. The report shall allow the operator to define a time/date period, a 
minimum and maximum usage limit, a means to define which reader or readers 
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should be used to filter the report and the ability to further define the type of 
card to be reported on based on note field selections. This report shall be 
available in the Browser and Workstation.  Further a Workstation shall also 
provide a disposition function. The cards meeting the filtering criteria shall be 
acted upon based on the disposition setting. Disposition settings shall include 
but not be limited to: Report only, De-activate the card or Re-assign to a 
specified an access level. This report shall be available in the event scheduler. 
When defining when to run the report an option to select the number of 
previous days to run the report against shall be provided. As an example, a 
scheduled weekly report for the last 14 days could generate allowing for an 
overlap of time if desired. 

l. Shall provide an option to create report templates. Report templates available in 
the Browser and Workstation shall include, but not be limited to, Access Level, 
Card, Card History, Door, Holiday, Time Schedules and Card Holder 
information. The templates shall be able to be assigned to a scheduler to run 
automatically per the scheduler settings.  

11. Tracking/Muster Report 

a. A tracking feature shall allow the system operator to identify an area and the 
person(s) in that area. 

b. Areas shall be defined by readers representing an IN or OUT read status. 

c. Defined areas shall provide an automatic update of how many cardholders are 
in the area. 

d. An area defined as an exit shall remove the person from the tracking area. 

e. A view displaying all cardholders in a defined tracking or muster area shall 
have the ability to be sorted in columns where by clicking on the column the 
data in the column shall be sorted. At a minimum, the columns can be sorted 
by: Card Number, Status, Card Holder, Reader, and Time/Date. 

f. A Muster area shall be defined by a reader(s) used to “muster” individuals in 
the event of an emergency. 

g. Reports can be generated for the defined muster or tracking area.  Available in 
the Browser and Workstation. 

h. Reports shall be generated for all muster or tracking areas in the system 

i. Tracking and Muster report template(s) shall be defined including whether it 
should be emailed and/or printed base on Event(s), Schedule(s) or assigned to a 
“Hot key” on the tool bar to be manually run when needed. 

j. Reports shall be sorted on time and date, card number, card holder name or 
matching note field.  When sorted on note field, a page break between fields 
shall allow the report to be easily handled for departmental uses. 
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k. Tracking areas shall include “nested” areas. Nesting allows for various reports 
from a large area to smaller areas within the large area. 

l. A Tracking and Muster area screen shall be continually updated with the most 
recent cardholder activity, therefore minimizing the time required generating a 
report. 

m. A history priming feature shall load history activities for the defined number of 
hours when the software is started. This priming feature shall be implemented if 
the system computer is offline when a muster call is initiated, thereby allowing 
the implementation of the tracking and muster features of the software. The 
history priming time shall be operator selectable in 1-hour increments up to 99 
hours. 

12. Time Zones 

a. Time zone definitions shall include Starting time, Ending time, Days of the 
week, and Holiday override. 

b. Time shall be defined in either AM/PM or 24-hour (military) time. 

c. The minimum time zone that shall be assigned to a panel is 63. 

d. The maximum time zones that shall be defined in a system is unlimited. 

e. Holidays shall be defined in two different time zones allowing different time 
schedule to be programmed for each holiday type. 

f. Holidays shall be grouped in a Holiday Group. 

13. Floor Plan Graphic 

a. Shall provide the ability to import floor plan graphics stored in a WMF format. 

b. Shall provide the ability to associate all ADV's (access, intrusion, and video) to 
floor plan graphics allowing the user to control and monitor the system. 

c. Shall provide the ability to link floor plan graphics together in a hierarchy 
fashion. 

d. Shall allow multiple floor plan views to be displayed simultaneously. 

14. Remote Locations 

a. Shall provide the ability to communicate to panels in real-time via encrypted 
Ethernet communication or support remote dial-up locations.  Dial-up locations 
shall support the ability to place remote control panels in an offline mode. In 
the offline mode, the remote-control panels shall retain all panel history events. 
The number of historical events shall be limited to the panels’ buffer capacity. 

b. Shall provide the ability to place remote control panels in an offline mode 
where the remote panel will automatically call to the communications computer 
to report system alarms or upload buffered events. 
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c. Shall provide the ability to manage at up to 250 remote locations per 
communication server. 

d. Shall provide a user-defined schedule that will automatically add cards to any 
number of sites. 

e. For remote panels not configured for real-time communications, the ability 
shall exist to provide system time schedules that the computer will use to 
automatically start uploading or downloading information to the remote sites. 
Information to be sent to the panel shall include, but not be limited to, card 
database changes, time, date, and buffer condition.  Information received from 
the panel shall include all buffered events. While connected to the remote site, 
the system software shall poll, verify, and report any loss of panel 
communication. If a site’s communication time is longer than expected, the 
system will automatically adjust the time schedule to allow all selected sites to 
be updated. 

f. For remote panels not configured for real-time communications the remote site 
can also be supported via an auto dial schedule and shall allow the system to 
automatically dial the remote site at a predetermined time. The auto dial 
schedule is programmed with the ability to dial Once, Now, Hourly, Daily, 
Weekly, Two Weeks, Monthly, or Never to the remote site. 

g. Shall provide the ability for an operator to program when the next scheduled 
update will occur, based on time and date. 

h. Communication to remote dial up sites shall be accomplished using password 
protection. The remote site provides the system with a site ID; the system 
responds with the appropriate password. No commands or transactions occur 
until the communication link is verified. 

i. The System shall be able to receive or send information to remote access 
control panels on demand. 

j. Shall have the ability to configure how many redial attempts from the remote 
location shall be defined from 1 to 5. 

k. Shall have the ability to pause between redial attempts shall be programmable 
from 1 to 120 seconds. 

l. Shall have the ability to pause before disconnecting shall be programmable 
from 1 to 30 seconds. 

15. Guard Tour 

a. Guard Tour shall allow the operator to program a series of guard check points 
that must be activated to accomplish the task of a Guard Tour. 

b. The check point shall be either card reader points or alarm contact points or a 
mixture. 
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c. The Guard Tour shall be timed sequential allowing travel time between points 
with +/- tolerance. This type of tour shall allow alarms to be generated for early, 
missed, or late events. 

d. The Guard Tour shall be un-sequenced with no time parameters. 

e. The Guard Tour shall be started by two methods, Manual or Scheduled by the 
access control system scheduler. 

16. ID Badging System/Video Image System 

a. Shall allow any card data fields to be assigned to a badge. 

b. Shall allow a stored cardholder image to be associated to any background. Each 
cardholder shall have any one of the background layouts associated to it. 

c. Shall provide the ability to create temporary or permanent badges. 

d. Badges shall be printed via the workstation without the need to assign an access 
level or access control card number. Numbers and access levels may be 
assigned after the print process.   

e. Badges shall be printed via the browser after a card number has been assigned 
to the CardHolder. 

f. Shall provide the image export capability. Image shall be exported utilizing the 
cardholder’s name as the file name in .jpg format. 

g. Shall provide unlimited custom badge layouts (only limited by the hard disk 
capacity). 

h. Shall provide 24-bit (16.7 Million) color palette for background design or 
foreground text. 

i. Shall provide the ability to implement all fonts supported by Windows. 

j. Shall provide import capabilities of background information using video 
camera or BMP, JPG, or TGA files. 

k. Shall provide import capabilities of video images from the compatible BMP, 
JPG, PCX, or TGA file formats. 

l. Shall provide the ability to import multiple bitmap images to the badge layout. 

m. Shall provide video capture capability from a compatible TWAIN device. 

n. Shall provide video capture capability from a DirectX device. 

o. Shall provide video capture capability from a compatible video capture device, 
such as a high-resolution color camera. 

p. Shall provide badges in horizontal or vertical format. 

q. Shall provide capability for printout of cardholder badge by video or standard 
printers supported by Windows. 
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r. Shall provide ability for multiple card enrollment/badging stations on 
networked system. 

s. Shall allow text fields limited to a maximum of 255 characters per field. 

t. Shall allow merging of data field from card database to text field. 

u. Shall allow a field to be defined for bar code usage merging data from the card 
database. 

v. Shall allow 99 different photos of the cardholder to appear on the same badge. 

w. Shall provide line, rectangle, rounded rectangle, and ellipses to be created on 
the backdrop with provisions for line thickness and color. 

x. Shall provide signature capture or import capability for 99 signatures that can 
be previewed in the cardholder’s badge or printed on the cardholder’s card. 

y. Shall provide the capability to have a front and back layout selected for a 
cardholder and the ability to print the card in one step (requires suitable printer) 
without the need to reinsert the card. 

z. Shall provide the ability to encode a magnetic stripe with information from any 
of the card data fields to include, but not be limited to: First Name, Last Name, 
Card Number, Activation date, Expiration Date, or any data from the card 
holders note field. 

aa. Information shall be encoded on track 1, 2, or 3 (requires suitable printer) 
without the need to reinsert the card. With suitable printer, each track shall be 
encoded with ABA, IATA, or TTS format. 

17. Networking 

a. Shall provide networking capabilities (LAN or WAN) as allowed by the 
computer’s operating system license. 

b. The access control software shall support two networking methods. By default, 
Domain controlled networks shall be the standard configuration providing 
secure networking communications. The ability to work on less secure peer-to-
peer (Workgroup) networks shall be allowed for lower security installations. 
The functionality shall be one or the other and not run in both modes at the 
same time. 

c. Shall provide the ability for a network system to support concurrent users up to 
the license limit (one station adding cards and making badges, another station 
monitoring alarms, yet other running data base reports, another controlling door 
openings and alarm shunting, and so on). 

d. The workstation shall have the same user interface functionality as the Server, 
except the workstation shall not be able to perform database maintenance 
functions. 

2.4 ISMS Hardware and Software Requirements 
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A. The ISMS shall be installed in a computer that supports 1 to 10 readers, 250 cards, and 2 
communication ports.  Workstations added to a Server shall also use these specifications. 
The minimum hardware and software requirements to fulfill this installation are: 

1. Processor: Intel® Core i3 - Desktop class machine 

2. CPU: 3.3 GHz  

3. RAM:  8 Gigabytes (GB) for standalone installation; 4 Gigabytes (GB) for 
workstations 

4. Hard Disk: 120 GB SATA with minimum 60 GB free space; Workstation(s) 80 GB 
with 5 GB free 

5. Serial Communication Ports: As required by the application 

6. Secondary Storage: Tape or DVD burner 

7. Printer port: 1 (or network printer) 

8. Monitor Display: Size: 15 Inches SVGA, Resolution: 1024 x 768, Colors: 256 

9. Pointing Device: Mouse (USB preferred)  

10. Power Supply: UPS 

11. Operating System: Minimum 64-bit Microsoft Windows® 10 Professional; Windows 
8.1 Professional for workstations.  

12. Database: Microsoft SQL Server 2016 Express Edition 

B. The ISMS shall be installed in a computer that supports 1 to 100 readers, 5,000 cards, and 8 
communication ports. The recommended hardware requirements to fulfill this installation 
are: 

1. Processor: Quad Core Intel® Xeon® 

2. CPU: 2.4 GHz  

3. RAM:  16 Gigabytes (GB) 

4. Hard Disk: 250 GB SATA or SCSI or SSD (60GB free space) 

5. Serial Communication Ports: 2 

6. Secondary Storage: Tape or DVD burner 

7. Printer port: 1 (or network printer) 

8. Monitor Display: Size: 20 Inches, Resolution: 1600 x 900, Colors: True color 

9. Pointing Device: Mouse (USB preferred)  

10. Power Supply: Hot-swap, redundant with UPS 

11. Operating System: Microsoft Windows® 10 Professional (standalone system or 
Workstations); Windows Server 2012 R2 Standard when additional workstations and 
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or communication servers are added also use for additional communication servers 
(PE/CS only). 

12. Database: Microsoft SQL Server 2016 Express Edition 

C. The ISMS shall be installed in a computer that supports that supports more than 100 readers, 
100,000 cards and 255 communication ports, the maximum/performance hardware 
requirements to fulfill this installation begin with: 

1. Processor: Intel® Quad Core Xeon® Intel® Quad Core Xeon® - Server class 
computer 

2. CPU: 3.5 GHz or more 

3. RAM:  32 Gigabytes (GB) 

4. Hard Disk: 1TB SATA 15000 RPM or SSD 

5. Serial Communication Ports: As per the requirement 

6. Secondary Storage: Tape or DVD burner 

7. Printer port: 1 (or network printer) 

8. Monitor Display: Size: 24 Inches, Resolution: 1920 x 1200, Colors: True color 

9. Pointing Device: Mouse (USB preferred) 

10. Power Supply: Hot-swap, redundant with UPS 

11. Operating System: Microsoft Windows Server 2016 

12. Database: Microsoft SQL Server 2016 with processor/core license 

2.5 HARDWARE REQUIREMENTS 

A. INTELLIGENT CONTROLLERS 

1. Distributed architecture shall allow controllers to operate independently of the host.  
The architecture shall place key access decisions, event/action processing, and alarm 
monitoring functions within the controllers, eliminating degraded mode operation. 

2. Flash memory management shall support firmware updates and revisions to be 
downloaded to the system. Upgrades to the hardware and software shall occur 
seamlessly without the loss of database, configurations, or historical report data. 

3. Manufacturers: Subject to compliance with requirements, provide Field Controllers or 
comparable product by one of the following: 

a. Honeywell NetAXS Controller (NetAXS-123 and NetAXS-4 are the two types 
of NetAXS controllers) 

b. Honeywell P-Series Controller (PRO-3200, and PW-6000 are the types of P-
Series controllers – Legacy support for PRO-2200, PW-5000) PRO-3000 
(APAC regional panel) 
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c. Honeywell N-1000 or PW-2000 Controller (Legacy support) 

d. Honeywell Security NS2 or NS2+ (Legacy support) 

e. Honeywell FIN-4000 Panels (HON-FIN4000MIK-100K, HON-FIN4000AC-
100, FIN4000K-10K, FIN4000-10K and FIN4000K-20K)  

B. FIELD HARDWARE 

1. The security management system shall be equipped with access control field hardware 
required to receive alarms and administer all access granted/denied decisions. All field 
hardware shall meet UL requirements.  

2. Intelligent Controller Board 

a. Honeywell Security PRO32IC 

3. Single Reader Module (SRM) 

a. Honeywell Security PRO22R1 

4. Dual Reader Module (DRM) 

a. Honeywell Security PRO32R2 

5. Alarm Input Module (AIM) 

a. Honeywell Security PRO32IN 

b. 16 Inputs 2 Outputs 

6. Relay Output Module (ROM) 

a. Honeywell Security PRO32OUT 

b. 16 Outputs 2 Inputs 

7. Card Readers 

a. Proximity 

b. Magnetic Stripe 

c. Wiegand 

d. Barcode 

e. BLE 

2.6 SYSTEM INTERFACES 

A. Digital Video Recording Systems  

1. The Security Management System shall provide fully integrated support for a 
powerful digital video recording and transmission system. The Security Management 
System shall record, search and transmit video, and shall provide users with live, pre-
and post-event assessment capabilities. The DVRs shall be seamlessly integrated with 
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existing video equipment and incorporated into any TCP/IP network. The DVRs shall 
provide multiple levels of integration with the Security Management System software, 
providing control of the digital video system from the access control application.  

2. WIN-PAK shall support the following Digital Video Recorders (DVRs). 

a. Rapid Eye 

b. Fusion 

c. HRDP Performance Series 

d. MAXPRO NVR / ENVR 

e. Performance Series 

3. Manufacturer(s) and part numbers:  

a. Honeywell MAXPRO® NVR recorders 

b. Honeywell Performance Series 

c. Honeywell Fusion IV series digital recorders 

d. Honeywell Rapid Eye Multi-Media series digital recorders 

e. Honeywell HRDP recorders 

B. Access Control Panels(Controllers) 

a. Honeywell N-1000 or PW-2000 Controller, Honeywell NS2, NS2+ Controller, 
Honeywell P-Series Controller (PRO-2200, PRO-3000, PRO-3200, PW-5000, 
and PW-6000 are the types of P-Series controllers), Honeywell NetAXS 
Controller (NetAXS-123 and NetAXS-4 are the two types of NetAXS 
controllers), Honeywell FIN4000 Panels (HON-FIN4000MIK-100K, HON-
FIN4000AC-100K, FIN4000K-10K, FIN4000-10K and FIN4000K-20K). 

2. P Series Panels shall have the following capabilities: 

a. Stores 50,000 cards/key codes for PRO-2200, stores 1 00,000 cards/key codes 
for PRO-3200/PW-5000/PW-6000. 

b. Supports ABA and WIEGAND card formats. 

c. Types of P-Series panels are: PRO-3200, PW-6000, and legacy PW-5000 and 
PRO-2200). 

d. Eight SIO Boards are included in the PRO-2200 panel. A maximum of 16 SIO 
boards are supported by the PRO-3200 panel. 32 SIO Boards are included in 
the PW-5000 and PW-6000 panel. SIO boards enable extended input and output 
capabilities to the panel. 

e. Readers, inputs, and outputs that can be connected to the panel are based on the 
type of SIO Board that is added to the panel. The SIO Board types include 16-
Zone Input/output (16 inputs, 2 outputs, and 0 readers), 16-Relay Output (0 
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inputs, 16 outputs, and o readers), 2-Reader I/O (2 inputs, 8 outputs, and 6 
readers), and 1-Reader I/O (1 input, 2 outputs, and 2 readers). 

3. NetAXS Panels shall have the following capabilities: 

a. Types of NetAXS panels available are: NetAXS-4 panel and NetAXS-123 
panel. 

b. Panels (NetAXS-123 and NetAXS-4) are called as Gateway panels when added 
directly to the communication server. 

c. NetAXS-4 Gateway panel supports the downstream devices feature. This 
feature shall extend the input and output capabilities of the NetAXS-4 panels. 

d. NX4IN and NX4OUT 

1) NX4IN is a 32 input and 0 output downstream add on device 

2) NX4OUT is a 2 input and 16 output downstream add on device 

e. Supports only the WIEGAND card format. The NetAXS panel allows multiple 
sets of card numbers and site codes embedded in a card format.  These multiple 
embedded sets will be represented as A, B, C, and D sets of card numbers and 
site codes. The A set shall be used as the default / primary card and site code 
numbers. The resulting maximum length of the card number will be 64-bits in 
length (20-digit card number). This is the reason that the system defaults will 
incorporate the ability to select a 20-digit card number size in addition to the 
existing 5, 12 and 16 digits 

f. Supports 128 time slots and 255 holidays (per holiday group). Holidays shall be 
definable in three different holiday types thus allowing for different operational 
time definitions for each holiday type. The NetAXS panels shall have a 
provision to add a new time zone while within the panel database. After 
creating the new time zone, it shall be added to the Time Zones database and 
applied to the panel’s database. 

g. Panel options such as Anti-passback, Groups, Forgiveness, Continuous Card 
Reads, Reverse Read LEDs, Host Grant, Site Codes, and Command File can be 
set for providing access to the readers, input points, and output points attached 
to the NetAXS panels. 

h. NetAXS-4 panel shall allow configuring of 14 inputs with default values. 
NetAXS-123 panel shall allow configuring 17 inputs with default values. 

i. NetAXS-4 panel shall allow configuring of 16 inputs with default values. 
NetAXS-123 panel shall allow configuring 14 inputs with default values. 

j. NetAXS-4 panel shall support 4 readers.  NetAXS-123 shall support 6 readers 
controlling 3 doors where the “A” reader is the primary reader for the door and 
the “B” reader is the Out reader for the door when so used. The B Reader can 
be programmed separately regarding name, Advanced Options, Anti-Passback 
configuration, and Intrusion support. The B Reader cannot work alone as a 
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Reader only. When used, the B reader will be tied to the A reader in terms of the 
interlock relationships pertaining to Door operation.  The Advanced Options 
selection shall provide several advance features not normally used in the typical 
system and thus the reason they are accessed separately to reduce confusion for 
typical installations. For the NetAXS-123, Reader A and Reader B shall support 
their own settings. 

k. The Groups option shall be supported only by the NetAXS-4 panels. A 
maximum of 64 groups shall be defined with a maximum of 76 relays. 

4. HON-FIN4000 Panels shall have the following capabilities: 

a.  Type of HON-FIN4000 panels available are:  HON-FIN4000MIK-100K, 
HON-FIN4000AC-100K, and legacy FIN4000K-10K, FIN4000-10K and 
FIN4000K-20K Panels 

b. HON-FIN4000 work as standalone or as an access control panel/biometric 
reader directly supported by the PAC (WIN-PAK software) or as a biometric 
reader using the Wiegand interface to other supported access control panels. 

c. HON-FIN4000AC-100K supports 125kHz EM, HID Prox & 13.56Mhz 
MIFARE, MIFARE Plus, DESFire/EV1, FeliCa, iCLASS SE/SR/Seos card 
technologies; 500,000 users (1:1) or 100,000 users (1:N) 

d. HON-FIN4000ACK-10K supports 125kHz EM, HID Prox & 13.56Mhz 
MIFARE, MIFARE Plus, DESFire/EV1, FeliCa, iCLASS SE/SR/Seos card 
technologies; 10,000 users (1:1) or 10,000 users (1:N); 1.77” color TFT LCD; 
160 x 128 pixels 

e. Supports 128 time slots and 255 holidays (per holiday group). Holidays shall be 
definable in two different holiday types thus allowing for different operational 
time definitions for each holiday type.  

f. Panel options such as Anti-passback, Groups, Forgiveness, Host Grant, Site 
Codes, and Command File can be set for providing access to the readers, input 
points, and output points attached to the panel. 

g. HON-FIN4000 shall allow configuring of 3 inputs with default values. 

h. HON-FIN4000 panel shall support an additional Wiegand reader for in/out 
management. 

C. Intrusion Detection Panels: 

1. Honeywell VISTA-128FBPT, VISTA-250FBPT, VISTA -128BPT and VISTA-
250BPT  

a. General Requirements:  The Security Management System shall support 
hardwired and TCP/IP communication for the VISTA 128FBPT/VISTA-250 
FBPT panel.  Each panel shall have 8 partitions and 15 zone lists.  Zones, 
partitions, and the top-level panel shall have an events page, with all supported 
events present.  Features: 
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1) Disarm and unlock a door on card swipe. 

2) Arm and lock a door on card swipe. 

3) Common area arm/disarm. 

4) Access denied if intrusion system is in alarm or armed. 

5) Monitor and log intrusion system events and alarms in the Security 
Management System. 

6) Associate intrusion system events and alarms to video surveillance 
integrations. 

2. Honeywell Galaxy Dimension Controllers: GALAXY__GD264, GALAXY_GD_48, 
GALAXY_GD_96 GALAXY_GD_520, Firmware 6.80 and above, Ethernet module 
firmware 2.08 and above controllers. Honeywell Galaxy Grade 3 Controllers: 
GALAXY_144, GALAXY_20, Firmware 5.04/5.50 and above, Ethernet module 
firmware 2.01 and above. Honeywell Classic Panel Controllers: GALAXY_60, 
GALAXY_128, GALAXY_500, GALAXY_504, GALAXY_512, Firmware 4.50 and 
above, Ethernet module firmware 2.10 and above. 

a. Security Management System users can control and monitor Group and Zone 
status using the Security Management System client, and control the individual 
zones and groups using Security Management System Access control 
credentials. Depending on the combined user profiles and access permissions 
defined in Security Management System, Security Management System 
cardholder is allowed or denied permission to arm/disarm zones and groups.  
The access control functionality of the intrusion panel is disabled when the 
integration is operational. Features: 

1) Disarm a zone on a card swipe. 

2) Arm a zone on consecutive card swipes.  Security Management System 
will support definition of quantity of swipes required and the timeout 
time in seconds to recognize consecutive swipes. 

3) Security Management System supports linking of intrusion panel users 
with Security Management System cardholders. 

4) Security Management System operators may be given control 
permissions for intrusion input and output alarms. 

5) Security Management System can associate alarm events with video 
commands to look at current or historic footage. 

6) Security Management System stores and reports on intrusion events. 

 

PART 3  EXECUTION 

3.1 EXAMINATION 
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A. Examine site conditions to determine site conditions are acceptable without qualifications.  
Notify Owner in writing if deficiencies are found.  Starting work is evidence that site 
conditions are acceptable. 

3.2 INSTALLATION 

A. Integrated Security Management System, including but not limited to access control, alarm 
monitoring, CCTV, and ID badging system shall be installed in accordance with the 
manufacturer’s installation instructions. 

B. Supervise installation to appraise ongoing progress of other trades and contracts, make 
allowances for all ongoing work, and coordinate the requirements of the installation of the 
Security Management System. 

3.3 FIELD TESTING AND CERTIFICATION 

A. Testing:  The access control, alarm monitoring, CCTV, and ID badging system shall be tested 
in accordance with the following:  

1. Conduct a complete inspection and test of all installed access control and security 
monitoring equipment. This includes testing and verifying connection to equipment of 
other divisions such as life safety and elevators.  

2. Provide staff to test all devices and all operational features of the Security 
Management System for witness by the Owner’s representative and authorities having 
jurisdiction as applicable. 

3. Correct deficiencies until satisfactory results are obtained. 

4. Submit written copies of test results. 

END OF SECTION 281300 



HGE #24043 ACCESS CONTROL HARDWARE DEVICES 281500 - 1 

FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 281500 - ACCESS CONTROL HARDWARE DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 & Division 26 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Card readers, credential cards, and keypads 
2. Cables 
3. Transformers 

B. Related Requirements: 

1. Section 281300 "Access Control System Software and Database Management" for control 
and monitoring applications, workstations, and interfaces. 

1.3 ACTION SUBMITTALS 

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

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 

1. Diagrams for cable management system. 
2. System labeling schedules, including electronic copy of labeling schedules that are part of 

the cable and asset identification system of the software specified in Parts 2 and 3. 
3. Wiring Diagrams. For power, signal, and control wiring. Show typical wiring schematics 

including the following: 

a. Workstation outlets, jacks, and jack assemblies. 
b. Patch cords. 
c. Patch panels. 

4. Cable Administration Drawings: As specified in "Identification" Article. 
5. Battery and charger calculations for central station, workstations, and controllers. 

C. Product Schedules. 
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D. Samples: For workstation outlets, jacks, jack assemblies, and faceplates. For each exposed 
product and for each color and texture specified. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Credential card blanks, ready for printing. Include enough credential cards for all personnel 
to be enrolled at the site plus an extra 20 percent for future use. 

2. Fuses of all kinds, power and electronic, equal to 10 percent of amount installed for each 
size used, but no fewer than three units. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: An employer of workers trained and approved by manufacturer. 

1. Cable installer must have on staff an RCDD certified by Building Industry Consulting 
Service International. 

B. Source Limitations: Obtain central station, workstations, controllers, Identifier readers, and all 
software through one source from single manufacturer. 

1.8 PROJECT CONDITIONS 

A. Environmental Conditions: System shall be capable of withstanding the following environmental 
conditions without mechanical or electrical damage or degradation of operating capability: 

1. Control Station: Rated for continuous operation in ambient conditions of 60 to 85 deg F 
(16 to 30 deg C) and a relative humidity of 20 to 80 percent, noncondensing. 

2. Indoor, Controlled Environment: NEMA 250, Type 1 enclosure. System components, 
except the central-station control unit, installed in air-conditioned indoor environments 
shall be rated for continuous operation in ambient conditions of 36 to 122 deg F (2 to 50 
deg C dry bulb and 20 to 90 percent relative humidity, noncondensing. 

3. Outdoor Environment: NEMA 250, NEMA 250, Type 3R enclosures. System components 
installed in locations exposed to weather shall be rated for continuous operation in ambient 
conditions of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 
90 percent relative humidity, condensing. Rate for continuous operation where exposed to 
rain as specified in NEMA 250, winds up to 85 mph (137 km/h). 
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4. Hazardous Environment: System components located in areas where fire or explosion 
hazards may exist because of flammable gases or vapors, flammable liquids, combustible 
dust, or ignitable fibers shall be rated, listed, and installed according to NFPA 70. 

5. Corrosive Environment: For system components subjected to corrosive fumes, vapors, and 
wind-driven salt spray in coastal zones, provide NEMA 250, Type 4X enclosures. 

PART 2 - PRODUCTS 

2.1 OPERATION 

A. Security access system hardware shall use a single database for access-control and credential-
creation functions. 

2.2 PERFORMANCE 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. Comply with NFPA 70, "National Electrical Code." 

C. Comply with SIA DC-01 and SIA-DC-03 

2.3 CARD READERS, CREDENTIAL CARDS, AND KEYPADS 

A. Card Readers: 

1. Card-Reader Power: Powered from its associated controller, including its standby power 
source, and shall not dissipate more than 5 W. 

2. Response Time: Card reader shall respond to passage requests by generating a signal that 
is sent to the controller. Response time shall be 800 ms or less, from the time the card 
reader finishes reading the credential card until a response signal is generated. 

3. Enclosure: Suitable for surface, semi-flush, pedestal, or weatherproof mounting. Mounting 
types shall additionally be suitable for installation in the following locations: 

a. Indoors, controlled environment. 
b. Indoors, uncontrolled environment. 
c. Outdoors, with built-in heaters or other cold-weather equipment to extend the 

operating temperature range as needed for operation at the site. 

4. Display: Digital visual indicator shall provide visible and audible status indications and 
user prompts. Indicate power on or off, whether user passage requests have been accepted 
or rejected, and whether the door is locked or unlocked. 

5. Touch-Plate and Proximity Readers: 
a. Passive-detection proximity card readers shall use a swept-frequency, RF field 

generator to read the resonant frequencies of tuned circuits laminated into 
compatible credential cards. The resonant frequencies read shall constitute a unique 
identification code number. 

b. The card reader shall read proximity cards in a range from direct contact to at least 
6 inches (150 mm) from the reader. 
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6. Communication Protocol: Compatible with local processor. 

B. Credential Cards: 

1. Modification: Entry-control cards shall be able to be modified by lamination direct print 
process during the enrollment process without reduction of readability. The design of the 
credential cards shall allow for the addition of at least one slot or hole to accommodate the 
attachment of a clip for affixing the credential card to the badge holder used at the site. 

2. Card Size and Dimensional Stability: Credential cards shall be 2-1/8 by 3-3/8 inches. The 
credential card material shall be dimensionally stable so that an undamaged card with 
deformations resulting from normal use shall be readable by the card reader. 

3. Card Material: Abrasion resistant, nonflammable, nontoxic, and impervious to solar 
radiation and effects of ultraviolet light. 

4. Card Construction: 

a. Core and laminate or monolithic construction. 
b. Lettering, logos, and other markings shall be hot stamped into the credential material 

or direct printed. 
c. Furnish equipment for on-site assembly and lamination of credential cards. 

2.4 PUSH-BUTTON SWITCHES 

A. Push-Button Switches: Momentary-contact back-lighted push buttons with stainless steel switch 
enclosures. 

B. Electrical Ratings: 

1. Minimum continuous current rating of 10A at 120-V ac  
2. Contacts that will make 720 VA at 60 A and that will break at 720 VA at 10A. 

C. Enclosures: Flush or surface mounting. Push buttons shall be suitable for flush mounting in the 
switch enclosures. 

D. Enclosures shall additionally be suitable for installation in the following locations: 

1. Indoors, controlled environment. 
2. Indoors, uncontrolled environment. 
3. Outdoors. 

E. Power: Push-button switches shall be powered from their associated controller, using dc control. 

2.5 CABLES 

A. General Cable Requirements: Comply with requirements in Section 26519 "Low-Voltage 
Electrical Power Conductors and Cables" and as recommended by system manufacturer for 
integration requirement.  Coordinate cable type with the equipment manufacturer. 

B. Plenum-Rated TIA 232-F Cables: 

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors. 
2. PE insulation. 
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3. Aluminum foil-polyester tape shield with 100 percent shield coverage. 
4. Fluorinated ethylene propylene jacket. 
5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper 

drain wire. 
6. Flame Resistance: Comply with NFPA 262. 

C. Plenum-Rated TIA 485-A Cables: 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned copper conductors. 
2. Fluorinated ethylene propylene insulation. 
3. Unshielded. 
4. Fluorinated ethylene propylene jacket. 
5. NFPA 70 Type: Type CMP 
6. Flame Resistance: NFPA 262, Flame Test. 

D. Paired, PVC, Reader and Wiegand Keypad Cables: 

1. Three pairs, twisted, No. 20 AWG, stranded (7x28) tinned copper conductors, 
polyethylene (polyolefin) insulation, individual aluminum-foil/polyester-tape shielded 
pairs each with No. 22 AWG, stranded (19x34) tinned copper drain wire, 100 percent 
shield coverage, and PVC jacket. 

2. NFPA 70, Type CM. 
3. Flame Resistance: UL 1581 vertical tray. 

E. Paired, Plenum-Type, Reader and Wiegand Keypad Cables: 

1. Three pairs, No. 22 AWG, stranded (7x30) tinned copper conductors, plastic insulation, 
individual aluminum-foil/polypropylene-tape shielded pairs each with No. 22 AWG, 
stranded tinned copper drain wire, 100 percent shield coverage, and fluorinated-ethylene-
propylene jacket. 

2. NFPA 70, Type CMP. 
3. Flame Resistance: NFPA 262 flame test. 

F. Multiconductor, Plenum-Type, Reader and Wiegand Keypad Cables: 

1. Six conductors, No. 20 AWG, stranded (7x28) tinned copper conductors, fluorinated-
ethylene-propylene insulation, overall aluminum-foil/polyester-tape shield with 100 
percent shield coverage plus tinned copper braid shield with 85 percent shield coverage, 
and fluorinated-ethylene-propylene jacket. 

2. NFPA 70, Type CMP. 
3. Flame Resistance: NFPA 262 flame test. 

G. LAN Cabling: 

1. Comply with requirements in Section 271513 "Communications Copper Horizontal 
Cabling." 

2.6 TRANSFORMERS 

A. NFPA 70, Class II control transformers, NRTL listed. Transformers for security access-control 
system shall not be shared with any other system. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with recommendations in SIA CP-01. 

B. Comply with TIA 606-B, "Administration Standard for Commercial Telecommunications 
Infrastructure." 

C. Product Schedules: Obtain detailed product schedules from manufacturer of access-control 
system or develop product schedules to suit Project. Fill in all data available from Project plans 
and specifications and publish as Product Schedules for review and approval. 

D. In meetings with Architect and Owner, present Product Schedules and review, adjust, and prepare 
final setup documents. Use approved, final Product Schedules to set up system software. 

3.2 CABLING 

A. Comply with NECA 1, "Good Workmanship in Electrical Construction." 

B. Install cables and wiring according to requirements in Section 260519 "Low-Voltage Electrical 
Power Conductors and Cables." 

C. Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets, desks, 
and counters and except in accessible ceiling spaces and in gypsum board partitions where 
unenclosed wiring method may be used. Use NRTL-listed plenum cable in environmental 
airspaces, including plenum ceilings. Conceal raceway and cables except in unfinished spaces. 

D. Install LAN cables using techniques, practices, and methods that are consistent with Category 5e 
rating of components and optical fiber rating of components, and that ensure Category 6 and 
optical fiber performance of completed and linked signal paths, end to end. 

E. Boxes and enclosures containing security-system components or cabling, and which are easily 
accessible to employees or to the public, shall be provided with a lock. Boxes above ceiling level 
in occupied areas of the building shall not be considered accessible. Junction boxes and small 
device enclosures below ceiling level and easily accessible to employees or the public shall be 
covered with a suitable cover plate and secured with tamperproof screws. 

F. Install end-of-line resistors at the field device location and not at the controller or panel location. 

3.3 CABLE APPLICATION 

A. Comply with TIA 569-D, "Commercial Building Standard for Telecommunications Pathways 
and Spaces." 

B. Cable application requirements are minimum requirements and shall be exceeded if 
recommended or required by manufacturer of system hardware. 

C. TIA 232-F Cabling: Install at a maximum distance of 50 ft. (15 m) between terminations. 
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D. TIA 485-A Cabling: Install at a maximum distance of 4000 ft. (1220 m) between terminations. 

E. Card Readers and Keypads: 

1. Install number of conductor pairs recommended by manufacturer for the functions 
specified. 

2. Unless manufacturer recommends larger conductors, install No. 22 AWG wire if 
maximum distance from controller to the reader is 250 ft. (75 m), and install No. 20 AWG 
wire if maximum distance is 500 ft. (150 m). 

3. For greater distances, install "extender" or "repeater" modules recommended by 
manufacturer of the controller. 

4. Install minimum No. 18 AWG shielded cable to readers and keypads that draw 50 mA or 
more. 

F. Install minimum No. 16 AWG cable from controller to electrically powered locks. Do not exceed 
250 ft. (75 m) between terminations. 

G. Install minimum No. 18 AWG ac power wire from transformer to controller, with a maximum 
distance of 25 ft. (8 m)  between terminations. 

3.4 GROUNDING 

A. Comply with Section 270526 "Grounding and Bonding for Communications Systems." 

B. Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic 
Equipment." 

C. Ground cable shields, drain conductors, and equipment to eliminate shock hazard and to minimize 
ground loops, common-mode returns, noise pickup, cross talk, and other impairments. 

D. Bond shields and drain conductors to ground at only one point in each circuit. 

E. Signal Ground: 

1. Terminal: Locate in each equipment room and wiring closet; isolate from power system 
and equipment grounding. 

2. Bus: Mount on wall of main equipment room with standoff insulators. 
3. Backbone Cable: Extend from signal ground bus to signal ground terminal in each 

equipment room and wiring closet. 

3.5 IDENTIFICATION 

A. In addition to requirements in this article, comply with applicable requirements in Section 270553 
"Identification for Communications Systems" and with TIA 606-B. 

3.6 SYSTEM SOFTWARE AND HARDWARE 

A. Develop, install, and test software and hardware, and perform database tests for the complete and 
proper operation of systems involved. Assign software license to Owner. 
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3.7 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. LAN Cable Procedures: Inspect for physical damage and test each conductor signal path 
for continuity and shorts. Use tester approved for type and kind of installed cable. Test for 
faulty connectors, splices, and terminations. Test according to TIA 568-C.1, "Commercial 
Building Telecommunications Cabling Standards - Part 1: General Requirements." Link 
performance for balanced twisted-pair cables must comply with minimum criteria in 
TIA 568-C.1. 

2. Test each circuit and component of each system. Tests shall include, but are not limited to, 
measurements of power-supply output under maximum load, signal loop resistance, and 
leakage to ground where applicable. System components with battery backup shall be 
operated on battery power for a period of not less than 10 percent of the calculated battery 
operating time. Provide special equipment and software if testing requires special or 
dedicated equipment. 

3. Operational Test: After installation of cables and connectors, demonstrate product 
capability and compliance with requirements. Test each signal path for end-to-end 
performance from each end of all pairs installed. Remove temporary connections when 
tests have been satisfactorily completed. 

C. Devices and circuits will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.8 STARTUP SERVICE 

A. Engage a factory-authorized service representative to supervise and assist with startup service. 

1. Complete installation and startup checks according to approved procedures that were 
developed in "Preparation" Article and with manufacturer's written instructions. 

2. Enroll and prepare badges and access cards for Owner's operators, management, and 
security personnel. 

END OF SECTION 281500 
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SECTION 282000 - VIDEO SURVEILLANCE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes a video surveillance system consisting of cameras, digital video recorder, data 
transmission wiring, and a control station with its associated equipment. 

B. Related Requirements: 

1. Section 281300 "Access Control System Software and Database Management" to integrate 
access control system interface and control. 

2. Section 283100 "Intrusion Detection" to integrate video surveillance used for intrusion 
detection. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include dimensions and data on features, 
performance, electrical characteristics, ratings, and finishes. 

B. Shop Drawings: For video surveillance. 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. Functional Block Diagram: Show single-line interconnections between components for 
signal transmission and control. Show cable types and sizes. 

3. Dimensioned plan and elevations of equipment racks, control panels, and consoles. Show 
access and workspace requirements. 

4. UPS: Sizing calculations. 
5. Wiring Diagrams: For power, signal, and control wiring. 

C. Design Data: Include equipment list consisting of every piece of equipment by model number, 
manufacturer, serial number, location, and date of original installation. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
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1.4 PROJECT CONDITIONS 

A. Environmental Conditions: Capable of withstanding the following environmental conditions 
without mechanical or electrical damage or degradation of operating capability: 

1. Control Station: Rated for continuous operation in ambient temperatures of 60 to 85 deg F 
(16 to 29 deg C) and a relative humidity of 20 to 80 percent, noncondensing. 

2. Interior, Controlled Environment: System components, except central-station control unit, 
installed in air-conditioned interior environments shall be rated for continuous operation in 
ambient temperatures of 36 to 122 deg F (2 to 50 deg C) dry bulb and 20 to 90 percent 
relative humidity, noncondensing. Use NEMA 250, Type 1 enclosures. 

3. Exterior Environment: System components installed in locations exposed to weather shall 
be rated for continuous operation in ambient temperatures of minus 30 to plus 122 deg F 
(minus 34 to plus 50 deg C) dry bulb and 20 to 90 percent relative humidity, condensing. 
Rate for continuous operation when exposed to rain as specified in NEMA 250, winds up 
to 85 mph (137 km/h). Use NEMA 250, Type 3R enclosures. 

4. Security Environment: Camera housing for use in high-risk areas where surveillance 
equipment may be subject to physical violence. 

1.5 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of cameras, equipment related to camera operation, and control-station equipment 
that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Three years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 SYSTEM REQUIREMENTS 

A. Video-signal format shall comply with NTSC standard, composite interlaced video. Composite 
video-signal termination shall be 75 ohms. 

B. Surge Protection: Protect components from voltage surges entering through power, 
communication, signal, control, or sensing leads. Include surge protection for external wiring of 
each conductor's entry connection to components. 

1. Minimum Protection for Power Connections 120 V and More: Auxiliary panel suppressors 
complying with requirements in Section 264313 "Surge Protection for Low-Voltage 
Electrical Power Circuits." 

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power 
Connections: Comply with requirements in Section 264313 "Surge Protection for Low-
Voltage Electrical Power Circuits" as recommended by manufacturer for type of line being 
protected. 

C. Tamper Protection: Tamper switches on enclosures, control units, pull boxes, junction boxes, 
cabinets, and other system components shall initiate a tamper-alarm signal when unit is opened 
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or partially disassembled. Control-station, control-unit alarm display shall identify tamper alarms 
and indicate locations. 

2.2 PERFORMANCE 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. Comply with NECA 1. 

C. Comply with NFPA 70. 

D. Electronic data exchange between video surveillance system with an access-control system shall 
comply with SIA TVAC. 

2.3 STANDARD CAMERAS 

A. Color Camera: 

1. Comply with UL 639. 
2. Pickup Device: CCD interline transfer, 380,000 771(H) by 492(V) pixels. 
3. Horizontal Resolution: 480 lines. 
4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off. 
5. With AGC, manually selectable on or off. 
6. Sensitivity: Camera shall deliver 1-V peak-to-peak video signal at the minimum specified 

light level. Illumination for the test shall be with lamps rated at approximately 2200-K 
color temperature, and with camera AGC off. 

7. Manually selectable modes for backlight compensation or normal lighting. 
8. Scanning Synchronization: Determined by external synch over the coaxial cable. Camera 

shall revert to internally generated synchronization on loss of external synch signal. 
9. White Balance: Auto-tracing white balance, with manually settable fixed balance option. 
10. Motion Detector: Built-in digital. 

B. Automatic Color Dome Camera: Assembled and tested as a manufactured unit, containing dome 
assembly, color camera, motorized pan and tilt, zoom lens, and receiver/driver. 

1. Comply with UL 639. 
2. Pickup Device: CCD interline transfer, 380,000 768(H) by 494(V) pixels. 
3. Horizontal Resolution: 480 lines. 
4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off. 
5. With AGC, manually selectable on or off. 
6. Sensitivity: Camera shall deliver 1-V peak-to-peak video signal at the minimum specified 

light level. Illumination for the test shall be with lamps rated at approximately 2200-K 
color temperature, and with camera AGC off. 

7. Manually selectable modes for backlight compensation or normal lighting. 
8. Pan and Tilt: Direct-drive motor, 360-degree rotation angle, and 180-degree tilt angle. Pan-

and-tilt speed shall be controlled by operator. Movement from preset positions shall be not 
less than 300 degrees per second. 
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9. Preset Positioning: Eight user-definable scenes, each allowing 16-character titles. Controls 
shall include the following: 

a. In "sequence mode," camera shall continuously sequence through preset positions, 
with dwell time and sequencing under operator control. 

b. Motion detection shall be available at each camera position. 
c. Up to four preset positions may be selected to be activated by an alarm. Each of the 

alarm positions may be programmed to output a response signal. 

10. Scanning Synchronization: Determined by external synch over the coaxial cable. Camera 
shall revert to internally generated synchronization on loss of external synch signal. 

11. White Balance: Auto-tracing white balance, with manually settable fixed balance option. 
12. Motion Detector: Built-in digital. 
13. Dome shall support multiplexed control communications using coaxial cable 

recommended by manufacturer. 

2.4 LENSES 

A. Description: Optical-quality coated lens, designed specifically for video-surveillance applications 
and matched to specified camera. Provide color-corrected lenses. 

1. Auto-Iris Lens: Electrically controlled iris with circuit set to maintain a constant video level 
in varying lighting conditions. 

2. Fixed Lens: With calibrated focus ring. 
3. Zoom Lens: Motorized, remote-controlled unit, rated as "quiet operating." Features include 

the following: 

a. Electrical Leads: Filtered to minimize video signal interference. 
b. Motor Speed: Variable. 
c. Lens shall be available with preset positioning capability to recall the position of 

specific scenes. 

2.5 POWER SUPPLIES 

A. Low-voltage power supplies matched for voltage and current requirements of cameras and 
accessories, and of type as recommended by manufacturer of camera and lens. 

1. Enclosure: NEMA 250, Type 4X . 

2.6 CAMERA-SUPPORTING EQUIPMENT 

A. Minimum Load Rating: Rated for load in excess of the total weight supported times a minimum 
safety factor of two. 

B. Pan-and-Tilt Units: Motorized units arranged to provide remote-controlled aiming of cameras 
with smooth and silent operation, and equipped with matching mounting brackets. 

1. Panning Rotation: 0 to 355 degrees, with adjustable stops. 
2. Tilt Movement: 90 degrees, plus or minus 5 degrees, with adjustable stops. 
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3. Speed: 12 degrees per second in both horizontal and vertical planes. 
4. Wiring: Factory prewired for camera and zoom lens functions and pan-and-tilt power and 

control. 
5. Built-in encoders or potentiometers for position feedback[, and thermostat-controlled 

heater]. 
6. Pan-and-tilt unit shall be available with preset positioning capability to recall the position 

of a specific scene. 

C. Mounting Brackets for Fixed Cameras: Type matched to items supported and mounting 
conditions. Include manual pan-and-tilt adjustment. 

D. Protective Housings for Fixed and Movable Cameras: Steel enclosures with internal camera 
mounting and connecting provisions that are matched to camera/lens combination and mounting 
and installing arrangement of camera to be housed. 

1. Tamper switch on access cover sounds an alarm signal when unit is opened or partially 
disassembled. Central-control unit shall identify tamper alarms and indicate location in 
alarm display. Tamper switches and central-control unit are specified in Section 283100 
"Intrusion Detection." 

2. Camera Viewing Window: Polycarbonate window, aligned with camera lens. 
3. Duplex Receptacle: Internally mounted. 
4. Alignment Provisions: Camera mounting shall provide for field aiming of camera and 

permit removal and reinstallation of camera lens without disturbing camera alignment. 
5. Built-in, thermostat-activated [heater] [and] [blower] units. Units shall be automatically 

controlled so the environmental limits of the camera equipment are not exceeded. 
6. Sun shield shall not interfere with normal airflow around the housing. 
7. Mounting bracket and hardware for wall or ceiling mounting of the housing. Bracket shall 

be of same material as the housing; mounting hardware shall be stainless steel. 
8. Finish: Housing and mounting bracket shall be factory finished using manufacturer's 

standard finishing process suitable for the environment. 
9. Enclosure Rating: <Insert NEMA Type designation> <Insert Ingress Protection code 

designation>. 

2.7 COLOR MONITORS 

A. Horizontal Resolution: 600 lines. 

B. Minimum Front Panel Devices and Controls: Power switch; power-on indicator; and brightness, 
contrast, color, and tint controls. 

C. Degaussing: Automatic. 

D. Mounting: Single, 14-inch (356-mm), vertical, EIA 19-inch (483-mm) electronic equipment rack 
or cabinet complying with CEA 310-E. 

E. Electrical: 120-V ac, 60 Hz. 
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2.8 DIGITAL VIDEO RECORDERS 

A. Description: Digital, time-lapse type, full-frame and motion recorder, with removable hard drive. 

1. Recording Time: 400 hours minimum. 
2. Resolution: 720 by 480 lines, minimum. 
3. Programming shall be from trackball and push buttons on face of the recorder, settings 

shall be displayed on any video monitor connected to the recorder. Programming shall 
include the following: 

a. Motion analysis graph. 
b. Password protection. 
c. Alarm and timer controls. 
d. Continuous recording option. 
e. Time-lapse operating modes. 
f. Search video by time, event, or motion. 

4. Programming: SmartMedia card for software updating, image archiving, and image 
transfer to a PC. 

5. Storage: 80-GB , removable hard drive. Software shall permit hot-swapping drives. 
6. Compression: MPEG-2. 
7. Time and Date Generator: Records time (hr:min:sec) and date legend of each frame. 
8. Audio Recording: 70 to 7000 Hz. Phono and microphone input; phono output. 
9. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E, or freestanding 

desktop. 

2.9 NETWORK VIDEO RECORDERS 

A. External storage or internal 250-1, 500-GB hard disk drive. 

1. Video and audio recording over TCP/IP network. 
2. Video recording of MPEG-2 and MPEG-4 streams. 
3. Video recording up to 48 Mbps for internal storage and up to 100 Mbps for external storage. 
4. Duplex Operation: Simultaneous recording and playback. 
5. Continuous and alarm-based recording. 
6. Full-Featured Search Capabilities: Search based on camera, time, or date. 
7. Automatic data replenishment to ensure recording even if network is down. 
8. Digital certification by watermarking. 
9. Internal RAID storage or non-RAID storage of up to 1500 GB. 
10. Capable of adding external RAID storage up to 7000 GB for models with no internal 

storage. 
11. Full integration with LAN, Intranet, or Internet through standard Web browser or video 

management software. 
12. Integrated Web server FTP server functionality. 
13. Supports up to 16 devices. 



HGE #24043 VIDEO SURVEILLANCE  282000 - 7 

2.10 DIGITAL SWITCHERS 

A. Quad Switch: For displaying images from four cameras on a single monitor. Provide color 
switcher. 

1. Controls: Unit-mounted front panel. 
2. Resolution: [720 by 480] lines <Insert resolution>. 
3. Modes: Auto, manual, and alarm. In manual mode, each channel can also be viewed in 

single display mode. In the event of an alarm, alarming channel shall automatically switch 
to full screen. If several alarms are activated, channels in alarm shall be in auto-switching 
mode. 

4. Channel Loss Alarm: Audible buzzer; occurrence details shall be recorded. 
5. Time: Indicate date and time. 
6. Timing of Auto-Switcher: 1 to 30 seconds, selectable. 
7. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E, or freestanding 

desktop. 

B. Manual Switch Bank: Low-loss, high-isolation, multiple-video switch to allow manual switching 
of multiple quad switches and cameras to a single output. Switches shall be illuminated. 

C. Sequential Switchers: Automatically sequence outputs of multiple cameras to single monitor. 

1. Switching Time Interval: Continuously adjustable, 5 to 20 seconds minimum, with manual 
override. 

2. Skip-Sequential-Hold Switch: One for each camera, with LED to indicate active camera. 
3. Camera Identification Legend: Either on-screen message or label at skip-sequential switch. 
4. Alarm Switching: In the event of an alarm, alarming channel shall automatically switch the 

monitor to full screen. 
5. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E. 

D. PTZ Controls: Arranged for multiple-camera control, with switches to select camera to be 
controlled. 

1. Pan-and-Tilt Control: Joystick type. 
2. Zoom Control: Momentary-contact, "in-out" push button. 
3. Automatic-Scan Control: A push button for each camera with pan capability that places 

camera in automatic-scanning mode. 

2.11 IP VIDEO SYSTEMS 

A. Description: 

1. System shall provide high-quality delivery and processing of IP-based video, audio, and 
control data using standard Ethernet-based networks. 

2. System shall have seamless integration of all video surveillance and control functions. 
3. Graphical user interface software shall manage all IP-based video matrix switching and 

camera control functions, two-way audio communication, alarm monitoring and control, 
and recording and archive/retrieval management. IP system shall also be capable of 
integrating into larger system environments. 
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4. System design shall include all necessary compression software for high-performance, 
dual-stream, MPEG-2/MPEG-4 video. Unit shall provide connections for all video 
cameras, camera PTZ control data, bidirectional audio, discreet sensor inputs, and control 
system outputs. 

5. All camera signals shall be compressed, encoded, and delivered onto the network for 
processing and control by the IP video-management software. 

6. Camera system units shall be ruggedly built and designed for extreme adverse 
environments, complying with NEMA Type environmental standards. 

7. Encoder/decoder combinations shall place video, audio, and data network stream that can 
be managed from multiple workstations on the user's LAN or WAN. 

8. All system interconnect cables, workstation PCs, PTZ joysticks, and network intermediate 
devices shall be provided for full performance of specified system. 

2.12 CONTROL STATIONS 

A. Description: Heavy-duty, freestanding, modular, metal furniture units arranged to house 
electronic equipment. Coordinate component arrangement and wiring with components and 
wiring of other systems. 

B. Equipment Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E. 

C. Normal System Power Supply: 120 V, 60 Hz, through a locked disconnect device and an isolation 
transformer in central-station control unit. Central-station control unit shall supply power to all 
components connected to it unless otherwise indicated. 

D. Power Continuity for Control Station: Batteries in power supplies of central-station control units 
and individual system components shall maintain continuous system operation during outages of 
both normal and backup ac system supply. 

1. Batteries: Rechargeable, valve-regulated, recombinant, sealed, lead-acid type with nominal 
10-year life expectancy. Capacity adequate to operate portions of system served including 
audible trouble signal devices for up to four hours and audible and visual alarm devices 
under alarm conditions for an additional 10 minutes. 

2. Battery Charger: Solid-state, fully automatic, variable-charging-rate type. Charger shall 
recharge fully discharged battery within 24 hours. 

E. Annunciation: Indicate change in system condition and switching of system or component to 
backup power. 

PART 3 - EXECUTION 

3.1 WIRING 

A. Wiring Method: Install cables in raceways unless otherwise indicated. 
1. Conceal raceways and wiring except in unfinished spaces. 
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B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess 
and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars 
and distribution spools. 

C. Splices, Taps, and Terminations: For power and control wiring, use numbered terminal strips in 
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 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-486B. 

D. For communication wiring, comply with the following: 
1. Section 271513 "Communications Copper Horizontal Cabling." 

E. Grounding: Provide independent-signal circuit grounding recommended in writing by 
manufacturer. 

3.2 VIDEO SURVEILLANCE SYSTEM INSTALLATION 

A. Install cameras with 84-inch- (2134-mm-) minimum clear space below cameras and their 
mountings. Change type of mounting to achieve required clearance. 

B. Set pan-and-tilt unit stops to suit final camera position and to obtain the field of view required for 
camera. Connect all controls and alarms, and adjust. 

C. Avoid ground loops by making ground connections only at the control station. 

1. For 12- and 24-V dc cameras, connect the coaxial cable shields only at the monitor end. 

D. Identify system components, wiring, cabling, and terminals according to Section 270553 
"Identification for Communications Systems." 

3.3 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. Inspection: Verify that units and controls are properly installed, connected, and labeled, 
and that interconnecting wires and terminals are identified. 

2. Pretesting: Align and adjust system and pretest components, wiring, and functions to verify 
that they comply with specified requirements. Conduct tests at varying lighting levels, 
including day and night scenes as applicable. Prepare video-surveillance equipment for 
acceptance and operational testing as follows: 

a. Verify operation of auto-iris lenses. 
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b. Set back-focus of fixed focal length lenses. At focus set to infinity, simulate 
nighttime lighting conditions by using a dark glass filter of a density that produces 
a clear image. Adjust until image is in focus with and without the filter. 

c. Set back-focus of zoom lenses. At focus set to infinity, simulate nighttime lighting 
conditions by using a dark glass filter of a density that produces a clear image. 
Additionally, set zoom to full wide angle and aim camera at an object 50 to 75 feet 
(17 to 23 m) away. Adjust until image is in focus from full wide angle to full 
telephoto, with the filter in place. 

d. Set and name all preset positions; consult Owner's personnel. 
e. Set sensitivity of motion detection. 
f. Connect and verify responses to alarms. 
g. Verify operation of control-station equipment. 

3. Test Schedule: Schedule tests after pretesting has been successfully completed and system 
has been in normal functional operation for at least 14 days. Provide a minimum of 10 days' 
notice of test schedule. 

4. Operational Tests: Perform operational system tests to verify that system complies with 
Specifications. Include all modes of system operation. 

C. Video surveillance system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain video-surveillance 
equipment. 

END OF SECTION 282000 
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SECTION 283100 - INTRUSION DETECTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes intrusion detection with communication links to perform monitoring, alarm, and 
control functions. 

B. Related Sections: 
1. Section 271323 "Communications Optical Fiber Backbone Cabling" for multi- and single-

mode backbone (riser-rated) optical fiber. 
2. Section 271513 "Communications Copper Horizontal Cabling" for Category 5e, 6, and 7 

horizontal (general use, riser-, and plenum-rated) cabling. 
3. Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for power cabling 

between master control units and field-mounted devices and control units. 
4. Section 281300 "Access Control System Software and Database Management" for 

applications, interfaces, and workstations. 

1.2 DEFINITIONS 

A. Control Unit: System component that monitors inputs and controls outputs through various 
circuits. 

B. Master Control Unit: System component that accepts inputs from other control units and may also 
perform control-unit functions. The unit has limited capacity for the number of protected zones 
and is installed at an unattended location or at a location where it is not the attendant's primary 
function to monitor the security system. 

C. Monitoring Station: Facility that receives signals and has personnel in attendance at all times to 
respond to signals. A central station is a monitoring station that is listed. 

D. Standard Intruder: A person who weighs 100 lb (45 kg) or less and whose height is 60 inches 
(1525 mm) or less; dressed in a long-sleeved shirt, slacks, and shoes. 

E. Standard-Intruder Movement: Any movement, such as walking, running, crawling, rolling, or 
jumping, of a "standard intruder" in a protected zone. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 
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B. Shop Drawings: Detail assemblies of standard components that are custom assembled for specific 
application on this Project. 

1. Raceway Riser Diagrams: Detail raceway runs required for intrusion detection. Include 
designation of devices connected by raceway, raceway type and size, and type and size of 
wire and cable fill for each raceway run. 

2. UPS: Sizing calculations. 
3. Site and Floor Plans: Indicate final outlet and device locations, routing of raceways, and 

cables inside and outside the building. 
4. Master Control-Unit Console Layout: Show required artwork and device identification. 
5. Device Address List: Coordinate with final system programming. 
6. System Wiring Diagrams: Include system diagrams unique to Project. Show connections 

for all devices, components, and auxiliary equipment. Include diagrams for equipment and 
for system with all terminals and interconnections identified. 

7. Details of surge-protection devices and their installation. 
8. Sensor detection patterns and adjustment ranges. 

C. Design Data: Include method of operation and supervision of each component and each type of 
circuit. Show sequence of operations for manually and automatically initiated system or 
equipment inputs. Description must cover this specific Project; manufacturer's standard 
descriptions for generic systems are unacceptable. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Product Warranty: Sample of special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Intrusion Detection Devices: Furnish quantity equal to five percent of the number of units 
of each type installed, but no fewer than one of each type. 

2. Fuses: Three of each kind and size. 
3. Tool Kit: Provide six sets of tools for use with security fasteners, each packaged in a 

compartmented kit configured for easy handling and storage. 
4. Security Fasteners: Furnish no fewer than 1 box for every 50 boxes or fraction thereof, of 

each type and size of security fastener installed. 
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1.7 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 

1. Layout Responsibility: Preparation of Shop Drawings and cabling administration 
Drawings, and field testing program development by an RCDD]. 

2. Installation Supervision: Installation shall be under the direct supervision of Technician, 
who shall be present at all times when Work of this Section is performed at Project site. 

B. Testing Agency Qualifications: Certified by BICSI. Testing agency must have personnel certified 
by BICSI on staff. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to supervise 
on-site testing. 

1.8 PROJECT CONDITIONS 

A. Environmental Conditions: Capable of withstanding the following environmental conditions 
without mechanical or electrical damage or degradation of operating capability: 

1. Altitude: Sea level to 1000 feet (1220 m). 
2. Master Control Unit: Rated for continuous operation in an ambient of 60 to 85 deg F (16 

to 29 deg C) and a relative humidity of 20 to 80 percent, noncondensing. 
3. Interior, Controlled Environment: System components, except master control unit, 

installed in air-conditioned interior environments shall be rated for continuous operation in 
ambients of 36 to 122 deg F (2 to 50 deg C)  dry bulb and 20 to 90 percent relative humidity, 
noncondensing. 

4. Exterior Environment: System components installed in locations exposed to weather shall 
be rated for continuous operation in ambients of minus 30 to plus 122 deg F (minus 34 to 
plus 50 deg C) dry bulb and 20 to 90 percent relative humidity, condensing. Comply with 
UL 294 and UL 639 for outdoor-use equipment. Rate for continuous operation when 
exposed to rain as specified in NEMA 250, winds up to 85 mph (137 km/h). 

5. Hazardous Environment: System components located in areas where fire or explosion 
hazards may exist because of flammable gases or vapors, flammable liquids, combustible 
dust, or ignitable fibers or flyings shall be rated, listed, and installed according to NFPA 70. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer and Installer agree to 
repair or replace components of intrusion detection devices and equipment that fail in materials 
or workmanship within specified warranty period. 

1. Warranty Period: Two years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 FUNCTIONAL DESCRIPTION OF SYSTEM 

A. Description: Hard-wired, modular, microprocessor-based controls, intrusion sensors and 
detection devices, and communication links to perform monitoring, alarm, and control functions. 

B. Supervision: System components shall be continuously monitored for normal, alarm, 
supervisory, and trouble conditions. Indicate deviations from normal conditions at any location 
in system. Indication includes identification of device or circuit in which deviation has occurred 
and whether deviation is an alarm or malfunction. 

1. Alarm Signal: Display at master control unit and actuate audible and visual alarm devices. 
2. Trouble Condition Signal: Distinct from other signals, indicating that system is not fully 

functional. Trouble signal shall indicate system problems such as battery failure, open or 
shorted transmission line conductors, or control-unit failure. 

3. Supervisory Condition Signal: Distinct from other signals, indicating an abnormal 
condition as specified for the particular device or control unit. 

C. System Control: Master control unit shall directly monitor intrusion detection units and 
connecting wiring. 

D. System shall automatically reboot program without error or loss of status or alarm data after any 
system disturbance. 

E. Operator Commands: 

1. Help with System Operation: Display all commands available to operator. Help command, 
followed by a specific command, shall produce a short explanation of the purpose, use, and 
system reaction to that command. 

2. Acknowledge Alarm: To indicate that alarm message has been observed by operator. 
3. Place Protected Zone in Access: Disable all intrusion-alarm circuits of a specific protected 

zone. Tamper circuits may not be disabled by operator. 
4. Place Protected Zone in Secure: Activate all intrusion-alarm circuits of a protected zone. 
5. Protected Zone Test: Initiate operational test of a specific protected zone. 
6. System Test: Initiate system-wide operational test. 
7. Print reports. 

F. Timed Control at Master Control Unit: Allow automatically timed "secure" and "access" 
functions of selected protected zones. 

G. Automatic Control of Related Systems: Alarm or supervisory signals from certain intrusion 
detection devices control the following functions in related systems: 
1. Switch signal to selected monitor from CCTV camera in vicinity of sensor signaling an 

alarm. 

H. Printed Record of Events: Print a record of alarm, supervisory, and trouble events on system 
printer. Sort and report by protected zone, device, and function. When master control unit receives 
a signal, print a report of alarm, supervisory, or trouble condition. Report type of signal (alarm, 
supervisory, or trouble), protected zone description, date, and time of occurrence. Differentiate 
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alarm signals from other indications. When system is reset, report reset event with the same 
information concerning device, location, date, and time. Commands shall initiate the reporting of 
a list of current alarm, supervisory, and trouble conditions in system or a log of past events. 

I. Response Time: Two  seconds between actuation of any alarm and its indication at master control 
unit. 

J. Circuit Supervision: Supervise all signal and data transmission lines, links with other systems, 
and sensors from master control unit. Indicate circuit and detection device faults with both 
protected zone and trouble signals, sound a distinctive audible tone, and illuminate an LED. 
Maximum permissible elapsed time between occurrence of a trouble condition and indication at 
master control unit is 20 seconds. Initiate an alarm in response to opening, closing, shorting, or 
grounding of a signal or data transmission line. 

K. Programmed Secure-Access Control: System shall be programmable to automatically change 
status of various combinations of protected zones between secure and access conditions at 
scheduled times. Status changes may be preset for repetitive, daily, and weekly; specially 
scheduled operations may be preset up to a year in advance. Manual secure-access control stations 
shall override programmed settings. 

L. Manual Secure-Access Control: Coded entries at manual stations shall change status of associated 
protected zone between secure and access conditions. 

2.2 SYSTEM COMPONENT 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. Control Units, Devices, and Communications with Monitoring Station: Listed and labeled by a 
qualified testing agency for compliance with SIA CP-01. 

C. FM Global Compliance: FM-Approved and -labeled intrusion detection devices and equipment. 

D. Comply with NFPA 70. 

E. Surge Protection: Protect components from voltage surges originating external to equipment 
housing and entering through power, communication, signal, control, or sensing leads. Include 
surge protection for external wiring of each conductor entry connection to components. 

1. Minimum Protection for Power Lines 120 V and More: Auxiliary panel suppressors 
complying with requirements in Section 264313 "Surge Protection for Low-Voltage 
Electrical Power Circuits." 

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power Lines: 
Listed and labeled by a qualified testing agency for compliance with NFPA 731. 

F. Intrusion Detection Units: Listed and labeled by a qualified testing agency for compliance with 
UL 639. 
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G. Interference Protection: Components shall be unaffected by radiated RFI and electrical induction 
of 15 V/m over a frequency range of 10 to 10,000 MHz and conducted interference signals up to 
0.25-V rms injected into power supply lines at 10 to 10,000 MHz. 

H. Tamper Protection: Tamper switches on detection devices, control units, annunciators, pull boxes, 
junction boxes, cabinets, and other system components shall initiate a tamper-alarm signal when 
unit is opened or partially disassembled and when entering conductors are cut or disconnected. 
Master control-unit alarm display shall identify tamper alarms and indicate locations. 

I. Self-Testing Devices: Automatically test themselves periodically, but not less than once per hour, 
to verify normal device functioning and alarm initiation capability. Devices transmit test failure 
to master control unit. 

J. Antimasking Devices: Automatically check operation continuously or at intervals of a minute or 
less, and use signal-processing logic to detect blocking, masking, jamming, tampering, or other 
operational dysfunction. Devices transmit detection of operational dysfunction to master control 
unit as an alarm signal. 

K. Addressable Devices: Transmitter and receivers shall communicate unique device identification 
and status reports to master control unit. 

L. Remote-Controlled Devices: Individually and remotely adjustable for sensitivity and individually 
monitored at master control unit for calibration, sensitivity, and alarm condition. 

2.3 ENCLOSURES 

A. Interior Sensors: Enclosures that protect against dust, falling dirt, and dripping noncorrosive 
liquids. 

B. Interior Electronics: NEMA 250, Type 12. 

C. Exterior Electronics: NEMA 250, Type 4X, fiberglass. 

D. Screw Covers: Where enclosures are readily accessible, secure with security fasteners of type 
appropriate for enclosure. 

2.4 SECURE AND ACCESS DEVICES 

A. Keypad and Display Module: Arranged for entering and executing commands for system-status 
changes and for displaying system-status and command-related data. 

B. Key-Operated Switch: Change protected zone between secure and access conditions. 

2.5 DOOR AND WINDOW SWITCHES 

A. Description: Balanced-magnetic switch, complying with UL 634, installed on frame with integral 
overcurrent device to limit current to 80 percent of switch capacity. Bias magnet and minimum 
of two encapsulated reed switches shall resist compromise from introduction of foreign magnetic 
fields. 
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B. Flush-Mounted Switches: Unobtrusive and flush with surface of door and window frame. 

C. Overhead Door Switch: Balanced-magnetic type, listed for outdoor locations, and having door-
mounted magnet and floor-mounted switch unit. 

2.6 ACOUSTIC-TYPE, GLASS-BREAK SENSORS 

A. Listed and labeled by a qualified testing agency for compliance with SIA GB-01. 

B. Device Performance: Detect unique, airborne acoustic energy spectrum caused by breaking glass. 

1. Sensor Element: Microprocessor-based, digital device to detect breakage of plate, laminate, 
tempered, and wired glass while rejecting common causes of false alarms. Detection 
pattern shall be at least a 20-foot (6-m) range. 

2. Hookup Cable: Factory installed, not less than 72 inches (1830 mm). 
3. Activation Indicator: LED on sensor housing that lights when responding to vibrations, 

remaining on until manually reset at sensor control unit[ or at master control unit. 
4. Control Unit: Integral with sensor housing or in a separate assembly, locally adjustable by 

control under housing cover. 
5. Glass-Break Simulator: A device to induce frequencies into protected glass pane that 

simulate breaking glass without causing damage to glass. 

2.7 PIEZOELECTRIC-TYPE, GLASS-BREAK SENSORS 

A. Listed and labeled by a qualified testing agency for compliance with SIA GB-01. 

B. Device Performance: Detect unique, high-frequency vibrations caused by breaking glass. 

1. Sensor Element: Piezoelectric crystals in a housing designed to mount directly to glass 
surface with adhesive provided by element manufacturer. Circular detection pattern, with 
at least a 60-inch (1525-mm) radius on a continuous glass pane. Sensor element shall not 
be larger than 4 sq. in. (25.80 sq. cm). 

2. Hookup Cable: Factory installed, not less than 72 inches (1830 mm). 
3. Activation Indicator: LED on sensor housing that lights when responding to vibrations, 

remaining on until manually reset at sensor control unit[ or at master control unit]. 
4. Control Unit: Integral with sensor housing or in a separate assembly, locally adjustable by 

control under housing cover. 
5. Glass-Break Simulator: A device to induce frequencies into protected glass pane that 

simulate breaking glass without causing damage to glass. 

2.8 VIDEO MOTION SENSORS (INTERIOR) 

A. Device Performance: Detect changes in video signal within a user-defined protected zone. 
Provide an alarm output for each video input. 

1. Detect movement within protected zone of standard intruders wearing clothing with a 
reflectivity that differs from that of background scene by a factor of 2. Reject all other 
changes in video signal. 
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2. Modular design that allows for expansion or modification of number of inputs. 
3. Controls: 

a. Number of detection zones. 
b. Size of detection zones. 
c. Sensitivity of detection of each protected zone. 

4. Mounting: Standard 19-inch (480-mm) rack as described in EIA/ECA 310-E. 

2.9 MASTER CONTROL UNIT 

A. Description: Supervise sensors and detection subsystems and their connecting communication 
links, status control (secure or access) of sensors and detector subsystems, activation of alarms 
and supervisory and trouble signals, and other indicated functions. 

1. 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. 

2. Include a real-time clock for time annotation of events on the event recorder and printer. 
3. Addressable initiation devices that communicate device identity and status. 

B. Construction: Freestanding equipment rack, modular, with separate and independent alarm and 
supervisory system modules. Alarm-initiating protected zone boards shall be plug-in cards. 
Arrangements that require removal of field wiring for module replacement are unacceptable. 

C. Console Controls and Displays: Arranged for interface between human operator at master 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: LCD, three line(s) of 40  characters, minimum. 
2. Keypad: Arranged to permit entry and execution of programming, display, and control 

commands. 
3. Control-Unit Network: Automatic communication of alarm, status changes, commands, 

and other communications required for system operation. Communication shall return to 
normal after partial or total network interruption such as power loss or transient event. 
Total or partial signaling network failures shall identify the failure and record the failure at 
the annunciator display and at the system printer. 

4. Field Device Network: Communicate between the control unit and field devices of the 
system. Communications shall consist of alarm, network status, and status and control of 
field-mounted processors. Each field-mounted device shall be interrogated during each 
interrogation cycle. 

5. Operator Controls: Manual switches and push-to-test buttons that do not require a key to 
operate. Prevent resetting of alarm, supervisory, or trouble signals while alarm or trouble 
condition persists. Include the following: 

a. Acknowledge alarm. 
b. Silence alarm. 
c. System reset. 
d. LED test. 
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6. Timing Unit: Solid state, programmable, 365 days. 
7. Confirmation: Relays, contactors, and other control devices shall have auxiliary contacts 

that provide confirmation signals to system for their on or off status. Software shall 
interpret such signals, display equipment status, and initiate failure signals. 

8. Alarm Indication: Audible signal sounds and an LED lights at master control unit 
identifying the protected zone addressable detector] originating the alarm.Annunciator 
panel displays a common alarm light and sounds a audible tone. 

9. Alarm Indication: Audible signal sounds and a plain-language identification of the 
addressable detector originating the alarm appears on LCD display at master control unit 

10. Alarm Indication: Audible signal sounds and a plain-language identification of the 
addressable detector originating the alarm appears on LCD display at master control unit 

11. Alarm activation sounds a bell or siren and strobe. 

D. Protected Zones: Quantity of alarm and supervisory zones as indicated, with capacity for 
expanding number of protected zones by a minimum of 10 percent. 

E. Power Supply Circuits: Master control units shall provide power for remote power-consuming 
detection devices. Circuit capacity shall be adequate for at least a 10  percent increase in load. 

F. UPS: Comply with Section 263353 "Static Uninterruptible Power Supply." UPS shall be sized to 
provide a minimum of six hours of master control-unit operation. 

G. Cabinet: Lockable, steel enclosure arranged so operations required for testing, normal operation, 
and maintenance are performed from front of enclosure. If more than a single cabinet is required 
to form a complete control unit, provide exactly matching modular enclosures. Accommodate all 
components and allow ample gutter space for field wiring. Identify each enclosure by an 
engraved, laminated, phenolic-resin nameplate. Lettering on enclosure nameplate shall not be less 
than 1 inch (25 mm) high. Identify, with permanent labels, individual components and modules 
within cabinets. 

H. Transmission to Monitoring Station: A communications device to automatically transmit alarm, 
supervisory, and trouble signals to the monitoring station, operating over a standard voice grade 
telephone leased line. Comply with UL 1635. 

I. 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. 

2.10 AUDIBLE AND VISUAL ALARM DEVICES 

A. Bell: Master control unit 10 inches (254 mm) in diameter, rated to produce a minimum sound 
output of 84 dB at 10 feet (3 m) from master control unit. 

1. Enclosure: Weather-resistant steel box equipped with tamper switches on cover and on 
back of box. 



HGE #24043 INTRUSION DETECTION 283100 - 10 

B. Klaxon Weatherproof Motor-Driven Hooter: UL listed, rated to produce a minimum sound output 
of 120 dB at 3 feet (1 m), plus or minus 3 dB, at a frequency of 470 Hz. Rated for intermittent 
use: two minutes on and five minutes off. 

1. Designed for use in industrial areas and in high-noise, severe-weather marine 
environments. 

C. Siren: 30-W speaker with siren driver, rated to produce a minimum sound output of 103 dB at 10 
feet (3 m) from master control unit. 

1. Enclosure: Weather-resistant steel box with tamper switches on cover and on back of box. 

D. Strobe: Xenon light complying with UL 1638, with a clear polycarbonate lens. 

1. Light Output: 115 cd, minimum. 
2. Flash Rate: 60 per minute. 

2.11 SECURITY FASTENERS 

A. Operable only by tools produced for use on specific type of fastener by fastener manufacturer or 
other licensed fabricator. Drive system type, head style, material, and protective coating as 
required for assembly, installation, and strength. 

PART 3 - EXECUTION 

3.1 SYSTEM INSTALLATION 

A. Comply with UL 681 and NFPA 731. 

B. Install wall-mounted equipment, with tops of cabinets not more than 72 inches (1830 mm) above 
the finished floor. 

3.2 WIRING INSTALLATION 

A. Wiring Method: Install wiring in metal raceways according to Section 270528 "Pathways for 
Communications Systems." Conceal raceway except in unfinished spaces and as indicated. 
Minimum conduit size shall be 1/2 inch (13 mm). Control and data transmission wiring shall not 
share conduit with other building wiring systems. 

B. 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. 

C. Wires and Cables: 
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1. Conductors: Size as recommended in writing by system manufacturer unless otherwise 
indicated. 

2. 120-V Power Wiring: Install according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" unless otherwise indicated. 

3. Control and Signal Transmission Conductors: Install unshielded, twisted-pair cable unless 
otherwise indicated or if manufacturer recommends shielded cable, according to 
Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 

4. Data and Television Signal Transmission Cables: Install according to Section 260519 
"Low-Voltage Electrical Power Conductors and Cables." 

D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, 
pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

E. Install power supplies and other auxiliary components for detection devices at control units unless 
otherwise indicated or required by manufacturer. Do not install such items near devices they 
serve. 

F. Identify components with engraved, laminated-plastic or metal nameplate for master control unit 
and each terminal cabinet, mounted with corrosion-resistant screws. Nameplates and label 
products are specified in Section 270553 "Identification for Communications Systems." 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with identification 
requirements in Section 270553 "Identification for Communications Systems." 

B. Install instructions frame in a location visible from master control unit. 

3.4 GROUNDING 

A. Ground the master control unit and associated circuits; comply with IEEE 1100. Install a ground 
wire from main service ground to master control unit. 

B. Ground system components and conductor and cable shields to eliminate shock hazard and to 
minimize ground loops, common-mode returns, noise pickup, cross talk, and other impairments. 

C. Signal Ground Terminal: Locate at main equipment rack or cabinet. Isolate from power system 
and equipment grounding. Provide [5] <Insert value>-ohm ground. Measure, record, and report 
ground resistance. 

D. Install grounding electrodes of type, size, location, and quantity indicated. Comply with 
installation requirements in Section 270526 "Grounding and Bonding for Communications 
Systems." 

3.5 FIELD QUALITY CONTROL 

A. Pretesting: After installation, align, adjust, and balance system and perform complete pretesting 
to determine compliance of system with requirements in the Contract Documents. Correct 
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deficiencies observed in pretesting. Replace malfunctioning or damaged items with new ones and 
retest until satisfactory performance and conditions are achieved. Prepare forms for systematic 
recording of acceptance test results. 

1. Report of Pretesting: After pretesting is complete, provide a letter certifying that 
installation is complete and fully operable; include names and titles of witnesses to 
preliminary tests. 

B. 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. 

C. Tests and Inspections: Comply with provisions in NFPA 731, Ch. 9, "Testing and Inspections." 

1. Inspection: Verify that units and controls are properly labeled and interconnecting wires 
and terminals are identified. 

2. Test Methods: Intrusion detection systems and other systems and equipment that are 
associated with detection and accessory equipment shall be tested according to Table "Test 
Methods" and Table "Test Methods of Initiating Devices." 

D. Documentation: Comply with provisions in NFPA 731, Ch. 4, "Documentation." 

E. Tag all equipment, stations, and other components for which tests have been satisfactorily 
completed. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain the intrusion detection system. Comply with documentation 
provisions in NFPA 731, Ch. 4, "Documentation and User Training." 

END OF SECTION 283100 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 284621.11 - ADDRESSABLE FIRE-ALARM SYSTEMS – VOICE EVACUATION 

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. 
2. Manual fire-alarm boxes. 
3. System smoke detectors. 
4. Heat detectors. 
5. Notification appliances. 
6. Remote annunciator. 
7. Addressable interface device. 
8. Digital alarm communicator transmitter. 
9. Network communications. 
10. Carbon Monoxide Detectors 

B. Related Requirements: 

1. Section 271513 "Communications Copper Horizontal Cabling" for cables and conductors 
for fire-alarm systems. 

1.3 DEFINITIONS 

A. EMT: Electrical Metallic Tubing. 

B. FACP: Fire Alarm Control Panel. 

C. HLI: High Level Interface. 

D. NICET: National Institute for Certification in Engineering Technologies. 

E. PC: Personal computer. 
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1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product, including furnished options and accessories. 

1. Include construction details, material descriptions, dimensions, profiles, and finishes. 
2. Include rated capacities, operating characteristics, and electrical characteristics. 

B. Shop Drawings: For fire-alarm system. 

1. Comply with recommendations and requirements in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72. 

2. Include plans, elevations, sections, details, and attachments to other work. 
3. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and locations. Indicate conductor sizes, 
indicate termination locations and requirements, and distinguish between factory and field 
wiring. 

4. Detail assembly and support requirements. 
5. Include voltage drop calculations for notification-appliance circuits. 
6. Include battery-size calculations. 
7. Include input/output matrix. 
8. Include statement from manufacturer that all equipment and components have been tested 

as a system and meet all requirements in this Specification and in NFPA 72. 
9. Include performance parameters and installation details for each detector. 
10. Verify that each duct detector is listed for complete range of air velocity, temperature, and 

humidity possible when air-handling system is operating. 
11. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, 

drawn to scale; coordinate location of duct smoke detectors and access to them. 

a. Show critical dimensions that relate to placement and support of sampling tubes, 
detector housing, and remote status and alarm indicators. 

b. Locate detectors according to manufacturer's written recommendations. 
c. Show field wiring required for HVAC unit shutdown on alarm. 

12. Include voice/alarm signaling-service equipment rack or console layout, grounding 
schematic, amplifier power calculation, and single-line connection diagram. 

13. Include floor plans to indicate final outlet locations. Show size and route of cable and 
conduits and point-to-point wiring diagrams. 

C. General Submittal Requirements: 

1. 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. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

1. Installer Qualifications: Personnel shall be trained and certified by the manufacturer for 
installation of units required for this Project. 
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2. Installation shall be by personnel certified by NICET as fire-alarm Level I technician. 
3. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm 

company. 

B. Field quality-control reports. 

C. Manufacturer’s sample warranty 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire-alarm systems and components to include in 
emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Comply with the "Records" section of the "Inspection, Testing and Maintenance" 
chapter in NFPA 72. 

b. Provide "Fire Alarm and Emergency Communications System Record of 
Completion Documents" according to the "Completion Documents" Article in the 
"Documentation" section of the "Fundamentals" chapter in NFPA 72. 

c. Complete wiring diagrams showing connections between all devices and equipment. 
Each conductor shall be numbered at every junction point with indication of 
origination and termination points. 

d. Riser diagram. 
e. Device addresses. 
f. Record copy of site-specific software. 
g. Provide "Inspection and Testing Form" according to the "Inspection, Testing and 

Maintenance" chapter in NFPA 72, and include the following: 

1) Equipment tested. 
2) Frequency of testing of installed components. 
3) Frequency of inspection of installed components. 
4) Requirements and recommendations related to results of maintenance. 
5) Manufacturer's user training manuals. 

h. Manufacturer's required maintenance related to system warranty requirements. 
i. Abbreviated operating instructions for mounting at fire-alarm control unit and each 

annunciator unit. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

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 Remote Indicating Lamp Units: Quantity equal to 10 percent of amount 
installed, but no fewer than one unit. 

2. Lamps for Strobe Units: Quantity equal to 10 percent of amount installed, but no fewer 
than one unit. 
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3. Smoke Detectors: Quantity equal to 10 percent of amount of each type installed, but no 
fewer than one unit of each type. 

4. Detector Bases: Quantity equal to two percent of amount of each type installed, but no 
fewer than one unit of each type. 

5. Keys and Tools: One extra set for access to locked or tamperproofed components. 
6. Audible and Visual Notification Appliances: One of each type installed. 
7. Fuses: Two of each type installed in the system. Provided in a box or cabinet with 

compartments marked with fuse types and sizes. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm 
Level I technician. 

B. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm company. 

1.9 PROJECT CONDITIONS 

A. Use of Devices during Construction: Protect devices during construction unless devices are 
placed in service to protect the facility during construction. 

1.10 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: Three years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Noncoded, UL-certified addressable system, with multiplexed signal transmission and 
voice/strobe evacuation. 

B. Automatic sensitivity control of certain smoke detectors. 

C. All components provided shall be listed for use with the selected 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. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices or systems: 
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1. Manual stations. 
2. Heat detectors. 
3. Smoke detectors. 
4. Duct smoke detectors. 
5. Carbon monoxide detectors. 
6. Automatic sprinkler system water flow. 
7. Preaction system. 
8. Fire standpipe system. 
9. Fire pump running. 

B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances, including voice evacuation notices. 
2. Identify alarm and specific initiating device at fire-alarm control unit and remote 

annunciator. 
3. Transmit an alarm signal to the remote alarm receiving station. 
4. Unlock electric door locks in designated egress paths. 
5. Activate voice/alarm communication system. 
6. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode. 
7. Activate all lighting throughout as indicated on the drawing’s lighting sequence of 

operation schedule via a N.O. or N.C. relay. 
8. Close smoke dampers in air ducts of designated air-conditioning duct systems. 
9. Activate preaction system. 
10. Activate emergency lighting control. 
11. Record events in the system memory. 

C. Supervisory signal initiation shall be by one or more of the following devices and actions: 

1. Valve supervisory switch. 
2. User disabling of zones or individual devices. 
3. Loss of communication with any panel on the network. 

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 communication with any addressable sensor, input module, relay, control module, 

remote annunciator, or Ethernet module. 
4. Loss of primary power at fire-alarm control unit. 
5. Ground or a single break in internal circuits of fire-alarm control unit. 
6. Abnormal ac voltage at fire-alarm control unit. 
7. Break in standby battery circuitry. 
8. Failure of battery charging. 
9. Abnormal position of any switch at fire-alarm control unit or annunciator. 
10. Voice signal amplifier failure. 

E. System Supervisory Signal Actions: 

1. Initiate notification appliances. 
2. Identify specific device initiating the event at fire-alarm control unit and remote 

annunciator. 
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3. After a time delay of 200 seconds, transmit a trouble or supervisory signal to the remote 
alarm receiving station. 

4. Transmit system status to building management system. 

2.3 FIRE-ALARM CONTROL UNIT 

A. Manufacturers:  

1. Pyrotronics, a Siemens Industry, Inc. company. 

B. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited design with 
electronic modules, complying with UL 864. 

a. System software and programs shall be held in nonvolatile flash, electrically 
erasable, programmable, read-only memory, 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. 
c. Provide communication between the FACP and remote circuit interface panels, 

annunciators, and displays. 
d. The FACP shall be listed for connection to a central station signaling system service. 
e. Provide nonvolatile memory for system database, logic, and operating system and 

event history. The system shall require no manual input to initialize in the event of 
a complete power down condition. The FACP shall provide a minimum 500-event 
history log. 

2. Addressable Initiation Device Circuits: The FACP shall indicate which communication 
zones have been silenced and shall provide selective silencing of alarm notification 
appliance by building communication zone. 

3. Addressable Control Circuits for Operation of Notification Appliances and Mechanical 
Equipment: The FACP shall be listed for releasing service. 

C. 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, 80 characters, minimum. 
2. Keypad: Arranged to permit entry and execution of programming, display, and control 

commands. 

D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits: 

1. Pathway Class Designations: NFPA 72, Class B. 
2. Pathway Survivability: Level 0. 
3. Install no more than 50 addressable devices on each signaling-line circuit. 
4. Serial Interfaces: 

a. One dedicated RS 485 port for remote station operation using point ID DACT. 
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b. One RS 485 port for remote annunciators, Ethernet module, or multi-interface 
module. 

c. One USB port for PC configuration. 
d. One RS 232 port for voice evacuation interface. 

E. Smoke-Alarm Verification: 

1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm control 
unit. 

2. Activate an approved "alarm-verification" sequence at fire-alarm control unit and detector. 
3. Sound general alarm if the alarm is verified. 
4. Cancel fire-alarm control unit indication and system reset if the alarm is not verified. 

F. Notification-Appliance Circuit: 

1. Audible appliances shall sound in a three-pulse temporal pattern, as defined in NFPA 72. 
2. Where notification appliances provide signals to sleeping areas, the alarm signal shall be a 

520-Hz square wave with an intensity 15 dB above the average ambient sound level or 5 
dB above the maximum sound level, or at least 75 dBA, whichever is greater, measured at 
the pillow. 

3. Visual alarm appliances shall flash in synchronization where multiple appliances are in the 
same field of view, as defined in NFPA 72. 

G. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory, 
and trouble signals to a remote alarm station. 

H. 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. Indicate 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. 

a. Allow the application of, and evacuation signal to, indicated number of zones and, 
at the 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. 
3. Preamplifiers, amplifiers, and tone generators shall automatically transfer to backup units, 

on primary equipment failure. 

I. 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 signals, supervisory 
and digital alarm communicator transmitters and digital alarm radio transmitters shall be powered 
by 24-V dc source. 
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1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-
supply module rating. 

J. Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and automatic 
transfer switch. 

1. Batteries: Sealed lead calcium. 

2.4 PREACTION SYSTEM 

A. Initiate Presignal Alarm: This function shall cause an audible and visual alarm and indication to 
be provided at the FACP. Activation of an initiation device connected as part of a preaction 
system shall be annunciated at the FACP only, without activation of the general evacuation alarm. 

2.5 MANUAL FIRE-ALARM BOXES 

A. Manufacturers: Subject to compliance with requirements, undefined:  

1. Pyrotronics, a Siemens Industry, Inc. company. 

B. 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. 

1. Single-action mechanism, 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. 

2.6 SYSTEM SMOKE DETECTORS 

A. Manufacturers: Subject to compliance with requirements, undefined:  

1. Pyrotronics, a Siemens Industry, Inc. company. 

B. 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. Remote Control: Unless otherwise indicated, detectors shall be digital-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. 
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a. Multiple levels of detection sensitivity for each sensor. 
b. Sensitivity levels based on time of day. 

C. 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.). 

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 for smoke detection in HVAC system ducts. 

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: Fully programmable relay rated to interrupt fan motor-control 

circuit. 

2.7 HEAT DETECTORS 

A. Manufacturers: Subject to compliance with requirements, undefined:  

1. Pyrotronics, a Siemens Industry, Inc. company. 

B. General Requirements for Heat Detectors: Comply with UL 521. 

1. Temperature sensors shall test for and communicate the sensitivity range of the device. 

C. Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F (57 deg C) 
or a rate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated. 

1. Mounting: Adapter plate for outlet box mounting. 
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2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or 
trouble) to fire-alarm control unit. 

2.8 NOTIFICATION APPLIANCES 

A. Manufacturers: Subject to compliance with requirements, undefined:  

1. Pyrotronics, a Siemens Industry, Inc. 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. 

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. 

C. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with clear or 
nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is 
engraved in minimum 1-inch- (25-mm-) high letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd as indicated on the drawings. 
b. 15/30/75/110 cd, selectable in the field. 

2. Mounting: Wall mounted unless otherwise indicated. 
3. Flashing shall be in a temporal pattern, synchronized with other units. 
4. Strobe Leads: Factory connected to screw terminals. 
5. Mounting Faceplate: Factory finished, red. 

D. Voice/Tone Notification Appliances: 

1. Comply with UL 1480. 
2. Speakers for Voice Notification: Locate speakers for voice notification to provide the 

intelligibility requirements of the "Notification Appliances" and "Emergency 
Communications Systems" chapters in NFPA 72. 

3. High-Range Units: Rated 2 to 15 W. 
4. Low-Range Units: Rated 1 to 2 W. 
5. Mounting: Semi recessed or surface mounted and bidirectional. 
6. Matching Transformers: Tap range matched to acoustical environment of speaker location. 

E. Exit Marking Audible Notification Appliance: 

1. Exit marking audible notification appliances shall meet the audibility requirements in 
NFPA 72. 

2. Provide exit marking audible notification appliances at the entrance to all building exits. 
3. Provide exit marking audible notification appliances at the entrance to areas of refuge with 

audible signals distinct from those used for building exit marking. 
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2.9 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: Alphanumeric display and LED indicating lights shall 
match those of fire-alarm control unit. Provide controls to acknowledge, silence, reset, and test 
functions for alarm, supervisory, and trouble signals. 

2.10 ADDRESSABLE INTERFACE DEVICE 

A. General: 

1. Include address-setting means on the module. 
2. Store an internal identifying code for control panel use to identify the module type. 
3. Listed for controlling HVAC fan motor controllers. 

B. Monitor Module: Microelectronic module providing a system address for alarm-initiating devices 
for wired applications with normally open contacts. 

C. Integral Relay: Capable of providing a direct signal. 

1. Allow the control panel to switch the relay contacts on command. 
2. Have a minimum of two normally open and two normally closed contacts available for 

field wiring. 

D. Control Module: 

1. Operate notification devices. 
2. Operate solenoids for use in sprinkler service. 

2.11 DIGITAL ALARM COMMUNICATOR TRANSMITTER 

A. Digital alarm communicator transmitter shall be acceptable to the remote central station and shall 
comply with UL 632. 

B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-
alarm control unit and automatically capture one telephone line(s) 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. Central Station Notification is from the digital communicator in the building FACP to the existing 
Bosch central receiving equipment located in the Security Campus Office. The contractor shall 
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provide the required connectivity. This shall comply with the requirements of the Campus 
Telecommunication Manager, Mr. Wayne Dunwoody, wayne.dunwoody@famu.edu, cell: 850-
339-4352. 

D. 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. 

E. 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. 
5. Loss of power. 
6. Low battery. 
7. Abnormal test signal. 
8. Communication bus failure. 

F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station. 

2.12 NETWORK COMMUNICATIONS 

A. Provide network communications for fire-alarm system according to fire-alarm manufacturer's 
written requirements. 

B. Provide network communications pathway per manufacturer's written requirements and 
requirements in NFPA 72 and NFPA 70. 

C. Provide integration gateway using BACnet for connection to building automation system. 

2.13 CARBON MONOXIDE DETECTORS 

A. General: Carbon monoxide detector listed for connection to fire-alarm system. 

1. Mounting: Adapter plate for outlet box mounting. 
2. Testable by introducing test carbon monoxide into the sensing cell. 
3. Detector shall provide alarm contacts and trouble contacts. 
4. Detector shall send trouble alarm when nearing end-of-life, power supply problems, or 

internal faults. 
5. Comply with UL 2075. 
6. Locate, mount, and wire according to manufacturer's written instructions. 
7. Provide means for addressable connection to fire-alarm system. 
8. Test button simulates an alarm condition. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for ventilation, temperature, 
humidity, and other conditions affecting performance of the Work. 

1. Verify that manufacturer's written instructions for environmental conditions have been 
permanently established in spaces where equipment and wiring are installed, before 
installation begins. 

B. Examine roughing-in for electrical connections to verify actual locations of connections before 
installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for 
installation and testing of fire-alarm equipment. Install all electrical wiring to comply with 
requirements in NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems." 

1. Devices placed in service before all other trades have completed cleanup shall be replaced. 
2. Devices installed but not yet placed in service shall be protected from construction dust, 

debris, dirt, moisture, and damage according to manufacturer's written storage instructions. 

B. Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm) above 
the finished floor. 

C. Manual Fire-Alarm Boxes: 

1. Install manual fire-alarm box in the normal path of egress within 60 inches (1520 mm) of 
the exit doorway. 

2. Mount manual fire-alarm box on a background of a contrasting color. 
3. The operable part of manual fire-alarm box shall be between 42 inches (1060 mm) and 48 

inches (1220 mm) above floor level. All devices shall be mounted at the same height unless 
otherwise indicated. 

D. Smoke- or Heat-Detector Spacing: 

1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating Devices" 
chapter in NFPA 72, for smoke-detector spacing. 

2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating Devices" chapter 
in NFPA 72, for heat-detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet (9 m). 
4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high 

ceiling areas shall be determined according to Annex A or Annex B in NFPA 72. 
5. HVAC: Locate detectors not closer than 36 inches (910 mm) from air-supply diffuser or 

return-air opening. 
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6. Lighting Fixtures: Locate detectors not closer than 12 inches (300 mm) from any part of a 
lighting fixture and not directly above pendant mounted or indirect lighting. 

E. Install a cover on each smoke detector that is not placed in service during construction. Cover 
shall remain in place except during system testing. Remove cover prior to system turnover. 

F. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they 
extend the full width of duct. Tubes more than 36 inches (9100 mm) long shall be supported at 
both ends. 

1. Do not install smoke detector in duct smoke-detector housing during construction. Install 
detector only during system testing and prior to system turnover. 

G. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and location. 
Do not install smoke detectors in sprinklered elevator shafts. 

H. Single-Station Smoke Detectors: Where more than one smoke alarm is installed within a dwelling 
or suite, they shall be connected so that the operation of any smoke alarm causes the alarm in all 
smoke alarms to sound. 

I. Remote Status and Alarm Indicators: Install in a visible location near each smoke detector, 
sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal 
viewing position. 

J. Audible Alarm-Indicating Devices: Install not less than 6 inches (150 mm) below the ceiling. 
Install bells and horns on flush-mounted back boxes with the device-operating mechanism 
concealed behind a grille. Install all devices at the same height unless otherwise indicated. 

K. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least 6 
inches (150 mm) below the ceiling. Install all devices at the same height unless otherwise 
indicated. 

L. Device Location-Indicating Lights: Locate in public space near the device they monitor. 

M. Antenna for Radio Alarm Transmitter: Mount to building structure where indicated. Use 
mounting arrangement and substrate connection that resists 100-mph (160-km/h) wind load with 
a gust factor of 1.3 without damage. 

3.3 PATHWAYS 

A. Pathways shall be installed in EMT. 

B. Exposed EMT shall be painted red enamel. 

3.4 CONNECTIONS 

A. Make addressable connections with a supervised interface device to the following devices and 
systems. Install the interface device less than 36 inches (910 mm) from the device controlled. 
Make an addressable confirmation connection when such feedback is available at the device or 
system being controlled. 
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1. Smoke dampers in air ducts of designated HVAC duct systems. 
2. Alarm-initiating connection to activate emergency lighting control. 
3. Supervisory connections at valve supervisory switches. 
4. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system. 
5. Data communication circuits for connection to mass notification system. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 270553 "Identification for Communications Systems." 

B. Install framed instructions in a location visible from fire-alarm control unit. 

3.6 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. 

B. Ground shielded cables at the control panel location only. Insulate shield at device location. 

3.7 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. The owner or designated 
representative shall be given the opportunity to witness all tests. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

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 the "Completion Documents, Preparation" table in the 
"Documentation" section of the "Fundamentals" chapter in NFPA 72. 

b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section 
of the "Inspection, Testing and Maintenance" chapter in NFPA 72; retain the 
"Initial/Reacceptance" column and list only the installed components. 

2. System Testing: Comply with the "Test Methods" table in the "Testing" section of the 
"Inspection, Testing and Maintenance" chapter in NFPA 72. 

3. Factory-authorized service representative shall prepare the "Fire Alarm System Record of 
Completion" in the "Documentation" section of the "Fundamentals" chapter in NFPA 72 
and the "Inspection and Testing Form" in the "Records" section of the "Inspection, Testing 
and Maintenance" chapter in NFPA 72. 

D. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or 
replaced devices and appliances. 
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E. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

G. 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. 

3.8 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall 
include 12 months' full maintenance by skilled employees of manufacturer's designated service 
organization renewable in yearly increments. Include preventive maintenance, repair or 
replacement of worn or defective components, lubrication, cleaning, and adjusting as required for 
proper operation. Parts and supplies shall be manufacturer's authorized replacement parts and 
supplies. 

1. Include visual inspections according to the "Visual Inspection Frequencies" table in the 
"Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 

2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the "Inspection, 
Testing and Maintenance" chapter in NFPA 72. 

3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph of the 
"Inspection, Testing and Maintenance" chapter in NFPA 72. 

3.9 WARRANTY 

A. The Contractor shall warrant the complete fire alarm system wiring and equipment to be free from 
inherent mechanical and electrical defects for a period of 3 years specified herein from the date 
of placing the completed system in operation. The conductors shall be replaced on any loop that 
exhibits repeated ground faults. If the ground faults persist, each device on that loop shall be 
replaced. These repairs are to be considered warranty work and shall be performed at no additional 
cost to the Owner. 

3.10 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain fire-alarm system. 

END OF SECTION 284621.11 
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FLORIDA A&M UNIVERSITY 
HOWARD HALL RENOVATIONS 
CONSTRUCTION DOCUMENTS 
MARCH 7, 2025 

SECTION 31 63 29 - DRILLED CONCRETE PIERS AND SHAFTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Dry-installed drilled piers. 
2. Slurry displacement-installed drilled piers. 
3. Dry-installed or slurry displacement-installed drilled piers at Contractor's choice. 

1.2 UNIT PRICES 

A. Drilled Piers: Actual net volume of drilled piers in place and approved. Actual length, shaft 
diameter, and bell diameter if applicable, may vary, to coincide with elevations where 
satisfactory bearing strata are encountered. These dimensions may also vary with actual bearing 
value of bearing strata determined by an independent testing and inspecting agency. 
Adjustments are made on net variation of total quantities, based on design dimensions for shafts 
and bells. 

1. Base bids on indicated number of drilled piers and, for each pier, the design length from 
top elevation to bottom of shaft, extended through the bell, if applicable, and the diameter 
of shaft and bell. 

2. Unit prices include labor, materials, tools, equipment, and incidentals required for 
excavation, trimming, shoring, casings, dewatering, reinforcement, concrete fill, testing 
and inspecting, and other items for complete drilled-pier installation. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Design Mixtures: For each concrete mixture. Submit alternative design mixtures when 
characteristics of materials, Project conditions, weather, test results, or other circumstances 
warrant adjustments. 

1. Indicate amounts of mixing water to be withheld for later addition at Project site. 

C. Shop Drawings: For concrete reinforcement, detailing fabricating, bending, supporting, and 
placing. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer professional engineer and testing agency. 

B. Welding certificates. 

C. Material Certificates: From manufacturer, for the following: 

1. Cementitious materials. 
2. Admixtures. 
3. Steel reinforcement and accessories. 

D. Material Test Reports: For each material below, by a qualified testing agency: 

1. Aggregates: Include service record data indicating absence of deleterious expansion of 
concrete due to alkali aggregate reactivity. 

E. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Record drawings. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: An experienced installer that has specialized in drilled-pier work. 

B. Testing Agency Qualifications: Qualified according to ASTM C1077, ASTM D3740, and 
ASTM E329 for testing indicated. 

C. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
2. AWS D1.4/D1.4M, "Structural Welding Code - Reinforcing Steel." 

1.7 FIELD CONDITIONS 

A. Existing Utilities: Locate existing underground utilities before excavating drilled piers. If 
utilities are to remain in place, provide protection from damage during drilled-pier operations. 

1. Should uncharted or incorrectly charted piping or other utilities be encountered during 
excavation, adapt drilling procedure if necessary to prevent damage to utilities. Cooperate 
with Owner and utility companies in keeping services and facilities in operation without 
interruption. Repair damaged utilities to satisfaction of utility owner. 

B. Interruption of Existing Utilities: Do not interrupt any utility to facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging to provide 
temporary utility according to requirements indicated: 
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1. Notify Owner no fewer than two days in advance of proposed interruption of utility. 
2. Do not proceed with interruption of utility without Owner's written permission. 

C. Project-Site Information: A geotechnical report has been prepared for this Project and is 
available for information only. The opinions expressed in this report are those of geotechnical 
engineer and represent interpretations of subsoil conditions, tests, and results of analyses 
conducted by geotechnical engineer. Owner is not responsible for interpretations or conclusions 
drawn from this data. 

1. Make additional test borings and conduct other exploratory operations necessary for 
drilled piers. 

2. The geotechnical report is referenced elsewhere in the Project Manual. 

D. Survey Work: Engage a qualified land surveyor or professional engineer to perform surveys, 
layouts, and measurements for drilled piers. Before excavating, lay out each drilled pier to lines 
and levels required. Record actual measurements of each drilled pier's location, shaft diameter, 
bottom and top elevations, deviations from specified tolerances, and other specified data. 

1. Record and maintain information pertinent to each drilled pier and indicate on record 
Drawings. Cooperate with Owner's testing and inspecting agency to provide data for 
required reports. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Drilled-Pier Standard: Comply with ACI 336.1 except as modified in this Section. 

2.2 STEEL REINFORCEMENT 

A. Reinforcing Bars: ASTM A615/A615M, Grade 60, deformed. 

B. Low-Alloy-Steel Reinforcing Bars: ASTM A706/A706M, deformed. 

C. Plain and Deformed Steel Wire: ASTM A1064/A1064M, as drawn. 

D. Joint Dowel Bars: ASTM A615/A615M, Grade 60, plain. Cut bars true to length with ends 
square and free of burrs. 

2.3 CONCRETE MATERIALS 

A. Cementitious Material: Use the following cementitious materials, of same type, brand, and 
source, throughout Project: 

1. Portland Cement: ASTM C150/C150M, Type I/II.[ Supplement with the following:] 

a. Fly Ash: ASTM C618, [Class C] [Class F]. 
b. Ground Granulated Blast-Furnace Slag: ASTM C989, Grade 100 or 120. 
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B. Normal-Weight Aggregate: ASTM C33/C33M, graded, 3/4-inch- nominal maximum coarse-
aggregate size. Provide aggregate from a single source. 

1. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement. 

C. Water: ASTM C94/C94M and potable. 

D. Chemical Admixtures: Provide admixtures certified by manufacturer to be compatible with 
other admixtures and that do not contribute water-soluble chloride ions exceeding those 
permitted in hardened concrete. Do not use calcium chloride or admixtures containing calcium 
chloride. 

1. Water-Reducing Admixture: ASTM C494/C494M, Type A. 
2. Water-Reducing and Retarding Admixture: ASTM C494/C494M, Type D. 
3. High-Range, Water-Reducing and Retarding Admixture: ASTM C494/C494M, Type G. 
4. Plasticizing and Retarding Admixture: ASTM C1017/C1017M, Type II. 

E. Sand-Cement Grout: Portland cement, ASTM C150/C150M, Type II; clean natural sand, 
ASTM C404; and water to result in grout with a minimum 28-day compressive strength of 1000 
psi, of consistency required for application. 

2.4 STEEL CASINGS 

A. Steel Pipe Casings: ASTM A283/A283M, Grade C, or ASTM A36/A36M, carbon-steel plate, 
with joints full-penetration welded according to AWS D1.1/D1.1M. 

B. Corrugated-Steel Pipe Casings: ASTM A929/A929M, steel sheet, zinc coated. 

C. Liners: Comply with ACI 336.1. 

2.5 SLURRY 

A. Slurry:  Pulverized bentonite, pulverized attapulgite, or polymers mixed with water to form 
stable colloidal suspension; complying with ACI 336.1 for density, viscosity, sand content, and 
pH. 

2.6 CONCRETE MIXTURES 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 
laboratory trial mixture or field test data, or both, according to ACI 301. 

B. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than 
portland cement according to ACI 301 limits as if concrete were exposed to deicing chemicals. 

C. Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of 
cement. 

D. Proportion normal-weight concrete mixture as follows: 
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1. Compressive Strength (28 Days):  6000 psi. 
2. Maximum Water-Cementitious Materials Ratio:  0.50. 
3. Minimum Slump: Capable of maintaining the following slump until completion of 

placement: 

a. 4 inches for dry, uncased, or permanent-cased drilling method. 
b. 6 inches for temporary-casing drilling method. 
c. 7 inches for slurry displacement method. 

4. Air Content: Do not air entrain concrete. 

2.7 REINFORCEMENT FABRICATION 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.8 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to 
ASTM C94/C94M, and furnish batch ticket information. 

1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time from 
1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and 
delivery time to 60 minutes. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, vibration, and other hazards created by drilled-pier operations. 

3.2 EXCAVATION 

A. Unclassified Excavation: Excavate to bearing elevations regardless of character of surface and 
subsurface conditions encountered. Unclassified excavated materials may include rock, soil 
materials, and obstructions. 

1. Obstructions: Unclassified excavation may include removal of unanticipated boulders, 
concrete, masonry, or other subsurface obstructions. No changes in the Contract Sum or 
the Contract Time are authorized for removal of obstructions. 

2. Obstructions: Unclassified excavated materials may include removal of unanticipated 
boulders, concrete, masonry, or other subsurface obstructions. Payment for removing 
obstructions that cannot be removed by conventional augers fitted with soil or rock teeth, 
drilling buckets, or underreaming tools attached to drilling equipment of size, power, 
torque, and downthrust necessary for the Work is according to Contract provisions for 
changes in the Work. 
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B. Classified Excavation: Excavation is classified as standard excavation, special excavation, and 
obstruction removal and includes excavation to bearing elevations as follows: 

1. Standard excavation includes excavation accomplished with conventional augers fitted 
with soil or rock teeth, drilling buckets, or underreaming tools attached to drilling 
equipment of size, power, torque, and downthrust necessary for the Work. 

2. Special excavation includes excavation that requires special equipment or procedures 
where drilled-pier excavation equipment used in standard excavation, operating at 
maximum power, torque, and downthrust, cannot advance the shaft. 

a. Special excavation requires use of special rock augers, core barrels, air tools, 
blasting, or other methods of hand excavation. 

b. Earth seams, rock fragments, and voids included in rock excavation area are 
considered rock for full volume of shaft from initial contact with rock. 

3. Obstructions: Payment for removing unanticipated boulders, concrete, masonry, or other 
subsurface obstructions that cannot be removed by conventional augers fitted with soil or 
rock teeth, drilling buckets, or underreaming tools attached to drilling equipment of size, 
power, torque, and downthrust necessary for the Work is according to Contract 
provisions for changes in the Work. 

C. Prevent surface water from entering excavated shafts. Conduct water to site drainage facilities. 

D. Excavate shafts for drilled piers to indicated elevations. Remove loose material from bottom of 
excavation. 

1. Excavate bottom of drilled piers to level plane within 1:12 tolerance. 
2. Remove water from excavated shafts before concreting. 
3. Excavate rock sockets of dimensions indicated. 
4. Cut series of grooves about perimeter of shaft to height from bottom of shaft, vertical 

spacing, and dimensions indicated. 

E. Notify and allow testing and inspecting agency to test and inspect bottom of excavation. If 
unsuitable bearing stratum is encountered, make adjustments to drilled piers as determined by 
Architect. 

1. Do not excavate shafts deeper than elevations indicated unless approved by Architect. 
2. Payment for additional authorized excavation is according to Contract provisions for 

changes in the Work. 

F. End-Bearing Drilled Piers: Probe with auger to a depth below bearing elevation, equal to 
diameter of the bearing area of drilled pier. Determine whether voids, clay seams, or solution 
channels exist. 

1. Test first three drilled piers and one of every six drilled piers thereafter. 
2. Fill augur-probe holes with grout. 

G. End-Bearing Drilled Piers: Probe with auger to a depth of 96 inches below bottom elevation of 
shaft, and visually inspect and classify soil. Verify continuity and thickness of strata. 

1. Test first three drilled piers and one of every six drilled piers thereafter. 
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H. Excavate shafts for closely spaced drilled piers and for drilled piers occurring in fragile or sand 
strata only after adjacent drilled piers are filled with concrete and allowed to set. 

I. Slurry Displacement Method: Stabilize excavation with slurry maintained a minimum of 60 
inches above ground-water level and above unstable soil strata to prevent caving or sloughing of 
shaft. Maintain slurry properties before concreting. 

1. Excavate and complete concreting of drilled pier on same day, or redrill, clean, and test 
slurry in excavation before concreting. 

J. Temporary Casings: Install watertight steel casings of sufficient length and thickness to prevent 
water seepage into shaft; to withstand compressive, displacement, and withdrawal stresses; and 
to maintain stability of shaft walls. 

1. Remove temporary casings, maintained in plumb position, during concrete placement and 
before initial set of concrete, or leave temporary casings in place. 

K. Bells: Excavate bells for drilled piers to shape, base thickness, and slope angle indicated. 
Excavate bottom of bells to level plane and remove loose material before placing concrete. 

1. Shore bells in unstable soil conditions to prevent cave-in during excavation, inspection, 
and concreting. 

L. Tolerances: Construct drilled piers to remain within ACI 336.1 tolerances. 

1. If location or out-of-plumb tolerances are exceeded, provide corrective construction. 
Submit corrective construction proposals to Architect for review before proceeding. 

3.3 PERMANENT STEEL CASING INSTALLATION 

A. Install permanent steel casings of minimum wall thickness indicated and of diameter not less 
than diameter of drilled pier. 

1. Install casings as excavation proceeds, to maintain sidewall stability. 
2. Fabricate bottom edge of lowest casing section with cutting shoe capable of penetrating 

rock and achieving water seal. 
3. Connect casing sections by continuous penetration welds to form watertight, continuous 

casing. 
4. Remove and replace or repair casings that have been damaged during installation and that 

could impair strength or efficiency of drilled pier. 
5. Fill annular void between casing and shaft wall with grout. 

B. Corrugated-Steel Casings: Provide corrugated-steel casings formed from zinc-coated steel sheet. 

1. Corrugated casings may be delivered in sections or panels of convenient length and field 
connected according to manufacturer's written instructions. 
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3.4 STEEL REINFORCEMENT INSTALLATION 

A. Comply with recommendations in CRSI's "Manual of Standard Practice" for fabricating, 
placing, and supporting reinforcement. 

B. Clean reinforcement of loose rust and mill scale, earth, and other materials that reduce or 
destroy bond with concrete. 

C. Fabricate and install reinforcing cages symmetrically about axis of shafts in a single unit. 

D. Accurately position, support, and secure reinforcement against displacement during concreting. 
Maintain minimum cover over reinforcement. 

E. Use templates to set anchor bolts, leveling plates, and other accessories furnished in work of 
other Sections. Provide blocking and holding devices to maintain required position during final 
concrete placement. 

F. Protect exposed ends of extended reinforcement, dowels, or anchor bolts from mechanical 
damage and exposure to weather. 

3.5 CONCRETE PLACEMENT 

A. Place concrete in continuous operation and without segregation immediately after inspection 
and approval of shaft by a qualified Special Inspector or testing agency. 

1. Construct a construction joint if concrete placement is delayed more than one hour. Level 
top surface of concrete and insert joint dowel bars. Before placing remainder of concrete, 
clean surface laitance, roughen, and slush concrete with commercial bonding agent or 
with sand-cement grout mixed at ratio of 1:1. 

B. Dry Method: Place concrete to fall vertically down the center of drilled pier without striking 
sides of shaft or steel reinforcement. 

1. Where concrete cannot be directed down shaft without striking reinforcement, place 
concrete with chutes, tremies, or pumps. 

2. Vibrate top 60 inches of concrete. 

C. Slurry Displacement Method: Place concrete in slurry-filled shafts by tremie methods or 
pumping. Control placement operations to ensure that tremie or pump pipe is embedded no less 
than 60 inches into concrete and that flow of concrete is continuous from bottom to top of 
drilled pier. 

D. Coordinate withdrawal of temporary casings with concrete placement to maintain at least a 60-
inch head of concrete above bottom of casing. 

1. Vibrate top 60 inches of concrete after withdrawal of temporary casing. 

E. Screed concrete at cutoff elevation level and apply scoured, rough finish. Where cutoff 
elevation is above the ground elevation, form top section above grade and extend shaft to 
required elevation. 
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F. Protect concrete work, according to ACI 301, from frost, freezing, or low temperatures that 
could cause physical damage or reduced strength. 

1. Do not use frozen materials or materials containing ice or snow. Do not place concrete on 
frozen subgrade or on subgrade containing frozen materials. 

2. Do not use calcium chloride, salt, or other mineral-containing antifreeze agents or 
chemical accelerators. 

G. If hot-weather conditions exist that would seriously impair quality and strength of concrete, 
place concrete according to ACI 301 to maintain delivered temperature of concrete at no more 
than 90 deg F. 

1. Place concrete immediately on delivery. Keep exposed concrete surfaces and formed 
shaft extensions moist by fog sprays, wet burlap, or other effective means for a minimum 
of seven days. 

3.6 FIELD QUALITY CONTROL 

A. Special Inspections:  Owner will engage a qualified special inspector to perform the following 
special inspections: 

1. Drilled piers. 
2. Excavation. 
3. Concrete. 
4. Steel reinforcement welding. 

B. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 

C. Drilled-Pier Tests and Inspections: For each drilled pier, before concrete placement. 

1. Soil Testing: Bottom elevations, bearing capacities, and lengths of drilled piers indicated 
have been estimated from available soil data. Actual elevations and drilled-pier lengths 
and bearing capacities are determined by testing and inspecting agency. Final evaluations 
and approval of data are determined by Architect. 

a. Bearing Stratum Tests: Testing agency takes undisturbed core samples from 
drilled-pier bottoms; tests each sample for compression, moisture content, and 
density; and reports results and evaluations. 

D. Concrete Tests and Inspections: ASTM C172/C172M except modified for slump to comply 
with ASTM C94/C94M. 

1. Slump: ASTM C143/C143M; one test at point of placement for each compressive-
strength test but no fewer than one test for each concrete load. 

2. Concrete Temperature: ASTM C1064/C1064M; one test hourly when air temperature is 
40 deg F and below and 80 deg F and above, and one test for each set of compressive-
strength specimens. 

3. Compression Test Specimens: ASTM C31/C31M; one set of four standard cylinders for 
each compressive-strength test unless otherwise indicated. Mold and store cylinders for 
laboratory-cured test specimens unless field-cured test specimens are required. 
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4. Compressive-Strength Tests: ASTM C39/C39M; one set for each drilled pier but not 
more than one set for each truck load. Test one specimen at seven days, test two 
specimens at 28 days, and retain one specimen in reserve for later testing if required. 

5. If frequency of testing provides fewer than five strength tests for a given class of 
concrete, conduct tests from at least five randomly selected batches or from each batch if 
fewer than five are used. 

6. If strength of field-cured cylinders is less than 85 percent of companion laboratory-cured 
cylinders, Contractor is to evaluate operations and provide corrective procedures for 
protecting and curing in-place concrete. 

7. Strength of each concrete mixture is satisfactory if every average of any three 
consecutive compressive-strength tests equals or exceeds specified compressive strength 
and no compressive-strength test value falls below specified compressive strength by 
more than 500 psi. 

8. Report test results in writing to Architect, concrete manufacturer, and Contractor within 
48 hours of testing. List Project identification name and number, date of concrete 
placement, name of concrete testing and inspecting agency, location of concrete batch in 
Work, design compressive strength at 28 days, concrete mixture proportions and 
materials, compressive breaking strength, and type of break for both 7- and 28-day tests 
in reports of compressive-strength tests. 

9. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may 
be permitted by Architect but not be used as sole basis for approval or rejection of 
concrete. 

10. Additional Tests: Testing and inspecting agency to make additional tests of concrete if 
test results indicate that slump, compressive strengths, or other requirements have not 
been met, as directed by Architect. 

a. Continuous coring of drilled piers may be required, at Contractor's expense, if 
temporary casings have not been withdrawn within specified time limits or if 
observations of placement operations indicate deficient concrete quality, presence 
of voids, segregation, or other possible defects. 

11. Perform additional testing and inspecting, at Contractor's expense, to determine 
compliance of replaced or additional work with specified requirements. 

12. Correct deficiencies in the Work that test reports and inspections indicate do not comply 
with the Contract Documents. 

E. An excavation, concrete, or a drilled pier will be considered defective if it does not pass tests 
and inspections. 

F. Prepare test and inspection reports for each drilled pier as follows: 

1. Actual top and bottom elevations. 
2. Actual drilled-pier diameter at top, bottom, and bell. 
3. Top of rock elevation. 
4. Description of soil materials. 
5. Description, location, and dimensions of obstructions. 
6. Final top centerline location and deviations from requirements. 
7. Variation of shaft from plumb. 
8. Shaft excavating method. 
9. Design and tested bearing capacity of bottom. 
10. Depth of rock socket. 
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11. Levelness of bottom and adequacy of cleanout. 
12. Properties of slurry and slurry test results at time of slurry placement and at time of 

concrete placement. 
13. Ground-water conditions and water-infiltration rate, depth, and pumping. 
14. Description, purpose, length, wall thickness, diameter, tip, and top and bottom elevations 

of temporary or permanent casings. Include anchorage and sealing methods used and 
condition and weather tightness of splices if any. 

15. Description of soil or water movement, sidewall stability, loss of ground, and means of 
control. 

16. Bell dimensions and variations from original design. 
17. Date and time of starting and completing excavation. 
18. Inspection report. 
19. Condition of reinforcing steel and splices. 
20. Position of reinforcing steel. 
21. Concrete placing method, including elevation of consolidation and delays. 
22. Elevation of concrete during removal of casings. 
23. Locations of construction joints. 
24. Concrete volume. 
25. Concrete testing results. 
26. Remarks, unusual conditions encountered, and deviations from requirements. 

3.7 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 63 29 
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	C. Terminations at Distribution Points: Modular type, consisting of terminators installed on cables and modular, dead-front, terminal junctions for interconnecting cables.
	D. Load-Break Cable Terminators: Elbow-type units with 200-A-load make/break and continuous-current rating; coordinated with insulation diameter, conductor size, and material of cable being terminated. Include test point on terminator body that is cap...
	E. Dead-Break Cable Terminators: Elbow-type unit with 600-A continuous-current rating; designed for de-energized disconnecting and connecting; coordinated with insulation diameter, conductor size, and material of cable being terminated. Include test p...
	F. Test-Point Fault Indicators: Applicable current-trip ratings and arranged for installation in test points of load-break separable connectors, and complete with self-resetting indicators capable of being installed with shotgun hot stick and tested w...
	G. Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool, and carrying case.

	2.5 SPLICE KITS
	A. Description: For splicing medium voltage cables; type as recommended by cable or splicing kit manufacturer for the application.
	B. Standard: Comply with IEEE 404.
	C. Splicing Products: As recommended, in writing, by splicing kit manufacturer for specific sizes, materials, ratings, and configurations of cable conductors. Include all components required for complete splice, with detailed instructions.

	2.6 MEDIUM-VOLTAGE TAPES
	A. Description: Electrical grade, insulating tape for medium voltage application.
	B. Ethylene/propylene rubber-based, 30-mil (0.76-mm) splicing tape, rated for 130 deg C operation. Minimum 3/4 inch (20 mm) wide.
	C. Silicone rubber-based, 12-mil (0.30-mm) self-fusing tape, rated for 130 deg C operation. Minimum 1-1/2 inches (38 mm) wide.
	D. Insulating-putty, 125-mil (3.175-mm) elastic filler tape. Minimum 1-1/2 inches (38 mm) wide.

	2.7 ARC-PROOFING MATERIALS
	A. Tape for First Course on Metal Objects: 10-mil- (250-micrometer-) thick, corrosion-protective, moisture-resistant, PVC pipe-wrapping tape.
	B. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch (8 mm) thick, and compatible with cable jacket.
	C. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch (25 mm) wide.

	2.8 SOURCE QUALITY CONTROL
	A. Test and inspect cables according to ICEA S-97-682 before shipping.
	B. Test strand-filled cables for water-penetration resistance according to ICEA T-31-610, using a test pressure of 5 psig (35 kPa).


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install cables according to IEEE 576.
	B. Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inches (1200 to 1800 mm) on the pull rope.
	1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. If an obstruction is felt, pull the brush back and forth repeatedl...
	2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the conduit inner diameter on a length of steel cable with an eye on each end for attaching the pull ropes. Pull the rubber duct swab through the duct to extract loose...

	C. Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	1. Where necessary, use manufacturer-approved pulling compound or lubricant that does not deteriorate conductor or insulation.
	2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that do not damage cables and raceways. Do not use rope hitches for pulling attachment to cable.
	3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables during installation.
	4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape.

	D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow surface contours where possible.
	E. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."
	F. In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls by the longest route from entry to exit; support cables at intervals adequate to prevent sag.
	G. Install sufficient cable length to remove cable ends under pulling grips. Remove length of conductor damaged during pulling.
	H. Install cable splices at pull points and elsewhere as indicated; use standard kits. Use dead-front separable watertight connectors in manholes and other locations subject to water infiltration.
	I. Install terminations at ends of conductors, and seal multiconductor cable ends with standard kits.
	J. Install separable insulated-connector components as follows:
	1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder is indicated to be connected.
	2. Portable Feed-Through Accessory: At each terminal junction, with one on each terminal.
	3. Standoff Insulator: At each terminal junction, with one on each terminal.

	K. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not protected by conduit, cable tray, direct burial, or termination materials. In addition to arc-proofing tape manufacturer's written instructions, apply arc pro...
	1. Clean cable sheath.
	2. Wrap metallic cable components with 10-mil (250-micrometer) pipe-wrapping tape.
	3. Smooth surface contours with electrical insulation putty.
	4. Apply arc-proofing tape in one half-lapped layer with coated side toward cable.
	5. Band arc-proofing tape with two layers of 1-inch- (25-mm-) wide half-lapped, adhesive, glass-cloth tape at each end of the arc-proof tape.

	L. Seal around cables passing through fire-rated elements according to Section 078413 "Penetration Firestopping."
	M. Ground shields of shielded cable at terminations, splices, and separable insulated connectors. Ground metal bodies of terminators, splices, cable and separable insulated-connector fittings, and hardware.
	N. Identify cables according to Section 260553 "Identification for Electrical Systems." Identify phase and circuit number of each conductor at each splice, termination, pull point, and junction box. Arrange identification so that it is unnecessary to ...

	3.2 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters.
	2. After installing medium-voltage cables and before electrical circuitry has been energized, test for compliance with requirements.
	3. Perform Partial Discharge test of each new conductor according to NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's recommendations.
	4. Perform Dissipation Factor test of each new conductor according to NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's recommendations.

	B. Prepare test and inspection reports.



	260519 - Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Copper building wire rated 600 V or less.
	2. Metal-clad cable, Type MC, rated 600 V or less.
	3. Fire-alarm wire and cable.
	4. Connectors, splices, and terminations rated 600 V and less.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Product Schedule: Indicate type, use, location, and termination locations.

	1.3 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 COPPER BUILDING WIRE (ALUMINUM BUILDING WIRE IS NOT PERMITTED)
	A. Description: Flexible, insulated, and uninsulated, drawn copper current-carrying conductor with an overall insulation layer or jacket, or both, rated 600 V or less.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Alpha Wire Company.
	2. General Cable Technologies Corporation.
	3. Okonite Company (The).
	4. Southwire Company.

	C. Standards:
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	2. RoHS compliant.
	3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable Marking and Application Guide."

	D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for stranded conductors.
	1. Type RHH and Type RHW-2: Comply with UL 44.
	2. Type USE-2 and Type SE: Comply with UL 854.
	3. Type THHN and Type THWN-2: Comply with UL 83.
	4. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83.
	5. Type XHHW-2: Comply with UL 44.


	2.2 METAL-CLAD CABLE, TYPE MC
	A. Description: A factory assembly of one or more current-carrying insulated conductors in an overall metallic sheath.
	B. Allowed Use Locations: Metal-clad cable, Type MC with ground shall be permitted when used as fixture whips ONLY, if the conductors are the same size as the branch circuit conductors, the cable is properly supported, and the length is kept to a 6 fe...
	C. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. General Cable Technologies Corporation.
	2. Okonite Company (The).
	3. Southwire Company.

	D. Standards:
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	2. Comply with UL 1569.
	3. RoHS compliant.
	4. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable Marking and Application Guide."

	E. Circuits:
	1. Single circuit.

	F. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for stranded conductors.
	G. Ground Conductor: Insulated.
	H. Conductor Insulation:
	1. Type TFN/THHN/THWN-2: Comply with UL 83.
	2. Type XHHW-2: Comply with UL 44.

	I. Armor: Steel, interlocked.
	J. Jacket: PVC applied over armor.

	2.3 FIRE-ALARM WIRE AND CABLE
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. General Cable Technologies Corporation.
	2. Okonite Company (The).
	3. Southwire Company.

	B. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760.
	C. Signaling Line Circuits: Twisted, shielded pair, not less than No. 16 AWG.
	D. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded insulation, and complying with requirements in UL 2196 for a two-hour rating.
	1. Low-Voltage Circuits: No. 16 AWG, minimum, in raceway.
	2. Line-Voltage Circuits: No. 12 AWG, minimum, in raceway.


	2.4 CONNECTORS AND SPLICES
	A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type, and class for application and service indicated; listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intende...
	B. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc diecast with set screws, designed to connect conductors specified in this Section.


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders: Copper for feeders smaller than No. 3 AWG; copper or aluminum for feeders No. 3 AWG and larger. Conductors shall be 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.
	C. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance: Type THHN/THWN-2, single conductors in raceway.
	B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway.
	C. Feeders Concealed in Ceilings and Crawlspaces: Type THHN/THWN-2, single conductors in raceway.
	D. Feeders Concealed in Walls and Partitions: Type THHN/THWN-2, single conductors in raceway.
	E. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, single conductors in raceway.
	F. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors in raceway.
	G. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single conductors in raceway.
	H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN/THWN-2, single conductors in raceway.
	I. Fire Alarm Circuits: Type THHN/THWN-2, single conductors in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points prior to pulling conductors and cables.
	C. 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.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow surface contours where possible.
	F. Support cables according as required by other Specification sections.
	G. Seal around raceways and cables penetrating fire-rated elements according to Division 26 Section "Sleeves and Sleeve Seals for Electrical Raceway and Cabling”.

	3.4 INSTALLATION OF FIRE-ALARM WIRING
	A. Comply with NECA 1 and NFPA 72.
	B. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as recommended by manufacturer. Install conductors parallel with or at right angles to sides and back of the enclosure. Bundle, lace, and train conductors to terminal...
	C. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabinets, or equipment enclosures where circuit connections are made.
	D. Color-Coding: Color-code fire-alarm conductors differently from the normal building power wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-code audible alarm-indicating circuits differently from alarm-...
	1. Horns: Red + Black
	2. Strobes: White + Purple
	3. Alarms: Blue + Yellow
	4. Magnetic Doors: Pink + Grey
	5. Misc. Circuits: Violet + Tan

	E. Wiring to Remote Alarm Transmitting Device: 1-inch conduit between the fire-alarm control panel and the transmitter. Install number of conductors and electrical supervision for connecting wiring as needed to suit monitoring function.

	3.5 CONNECTIONS
	A. 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-486B.
	B. Make splices, terminations, 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, termination, and tap for aluminum conductors.

	C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches of slack.
	D. Prior to conduit/conductor routing to outlets, contractor shall request final verification of locations.  Outlets shall be allowed to be moved 10 feet prior to installation with no cost change.
	E. Comply with requirements in accompanying Section on Fire Alarm Systems for connecting, terminating, and identifying wires and cables.

	3.6 IDENTIFICATION
	A. Identify and color-code conductors and cables according to requirements in accompanying Sections in this book of Specifications.
	B. Identify each spare conductor at each end with identity number and location of other end of conductor and identify as spare conductor.

	3.7 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in accompanying Sections in this book of Specifications.

	3.8 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to requirements in accompanying Sections in this book of Specifications.



	260523 - Control-Voltage Electrical Power Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Balanced twisted pair cabling hardware.
	2. RS-485 cabling.
	3. Low-voltage control cabling.
	4. Control-circuit conductors.


	1.2 DEFINITIONS
	A. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 QUALITY ASSURANCE

	PART 2 -  PRODUCTS
	2.1 PERFORMANCE 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. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to NFPA 262, by a qualified testing agency. Identify products for installation in plenums with appropriate markings of applicable testing agency.
	1. Flame Travel Distance: 60 inches or less.
	2. Peak Optical Smoke Density: 0.5 or less.
	3. Average Optical Smoke Density: 0.15 or less.

	C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing identical products according to UL 1666.
	D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As determined by testing identical products according to UL 1685.
	E. RoHS compliant.

	2.2 BALANCED TWISTED PAIR CABLE HARDWARE
	A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper communications cable.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. AMP NETCONNECT; a TE Connectivity Ltd. company.
	2. Belden CDT Networking Division/NORDX.
	3. General Cable; General Cable Corporation.
	4. Hubbell Premise Wiring.
	5. Siemon Co. (The).
	6. Superior Essex Inc.

	C. General Requirements for Balanced Twisted Pair Cable Hardware:
	1. Comply with the performance requirements of Category 5e and/or Category 6 as applicable to product used.
	2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or tools.
	3. Cables shall be terminated with connecting hardware of same category or higher.

	D. Connecting Blocks: 110-style IDC for Category 5e or Category 6 as applicable Provide blocks for the number of cables terminated on the block, plus 20 percent spare, integral with connector bodies, including plugs and jacks where indicated.
	E. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each jack location for permanent termination of pair groups of installed cables.
	1. Features:
	a. Universal T568A and T568B wiring labels.
	b. Labeling areas adjacent to conductors.
	c. Replaceable connectors.
	d. 12, 24 or 48 ports.

	2. Construction: 16-gauge steel and mountable on 19-inch equipment racks or on wall-mountable independent of an equipment rack.

	F. Patch Cords: Factory-made, four-pair cables in lengths necessary to connect equipment or as indicated on the Drawings; terminated with an eight-position modular plug at each end.
	1. Patch cords shall have bend-relief-compliant and color-coded boots to ensure performance. Patch cords shall have latch guards to protect against snagging.

	G. Plugs and Plug Assemblies:
	1. Male; eight position; color-coded modular telecommunications connector designed for termination of a single four-pair 100-ohm unshielded or shielded balanced twisted pair cable.
	2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and IEC 60603-7.5.
	3. Marked to indicate transmission performance.

	H. Jacks and Jack Assemblies:
	1. Female; eight position; modular; fixed telecommunications connector designed for termination of a single four-pair 100-ohm unshielded or shielded balanced twisted pair cable.
	2. Designed to snap-in to a patch panel or faceplate.
	3. Standards.
	a. Category 5e, unshielded balanced twisted pair cable shall comply with IEC 60603-7-2.
	b. Category 5e, shielded balanced twisted pair cable shall comply with IEC 60603-7-3.
	c. Category 6, unshielded balanced twisted pair cable shall comply with IEC 60603-7-4.
	d. Category 6, shielded balanced twisted pair cable shall comply with IEC 60603-7.5.

	4. Marked to indicate transmission performance.

	I. Faceplate:
	1. Port quantity as indicated on the Drawings; vertical single gang faceplates designed to mount to single gang wall boxes.
	2. Plastic Faceplate: High-impact plastic. Coordinate color with Drawings and Architect
	3. Metal Faceplate: Stainless steel, complying with requirements in "Wiring Devices."
	4. For use with snap-in jacks accommodating any combination of balanced twisted pair, optical fiber, and coaxial work area cords.
	a. Flush mounting jacks, positioning the cord at a 45-degree angle.


	J. Legend:
	1. Machine printed, in the field, using adhesive-tape label.
	2. Snap-in, clear-label covers and machine-printed paper inserts.


	2.3 TWIN-AXIAL DATA HIGHWAY CABLE
	A. Plenum-Rated Cable: NFPA 70, Type CMP.
	1. Paired, One pair or as noted on Drawings, No. 18 AWG, stranded (7x32) tinned-copper conductors.
	2. Plastic insulation.
	3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
	4. Plastic jacket.
	5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain wire.
	6. Flame Resistance: Comply with NFPA 262.


	2.4 RS-232 CABLE
	A. PVC-Jacketed, TIA 232-F:
	1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.
	2. Polypropylene insulation.
	3. Aluminum foil-polyester tape shield with 100 percent shield coverage.
	4. PVC jacket.
	5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire.
	6. NFPA 70 Type: Type CM.
	7. Flame Resistance: Comply with UL 1581.

	B. Plenum-Type, TIA 232-F:
	1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.
	2. PE insulation.
	3. Aluminum foil-polyester tape shield with 100 percent shield coverage.
	4. Fluorinated ethylene propylene jacket.
	5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire.
	6. Flame Resistance: Comply with NFPA 262.


	2.5 RS-485 CABLE
	A. Plenum-Rated Cable: NFPA 70, Type CMP.
	1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. Fluorinated ethylene propylene insulation.
	3. Unshielded.
	4. Fluorinated ethylene propylene jacket.
	5. Flame Resistance: NFPA 262.


	2.6 LOW-VOLTAGE CONTROL CABLE
	A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP.
	1. Multi-pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance: Comply with NFPA 262.


	2.7 CONTROL-CIRCUIT CONDUCTORS
	A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	C. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	D. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical Circuits: Circuit Integrity (CI) cable.
	1. Smoke control signaling and control circuits.


	2.8 FIRE-ALARM WIRE AND CABLE
	A. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760.
	B. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer.
	C. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded insulation, and complying with requirements in UL 2196 for a two-hour rating.
	1. Low-Voltage Circuits: No. 16 AWG, minimum, in raceway.
	2. Line-Voltage Circuits: No. 12 AWG, minimum, in raceway.


	2.9 SOURCE QUALITY CONTROL
	A. Factory test balanced twisted pair cables according to TIA-568-C.2.
	B. Cable will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Test balanced twisted pair cables on receipt at Project site.
	1. Test each pair of twisted pair cable for open and short circuits.


	3.2 INSTALLATION OF RACEWAYS AND BOXES
	A. Comply with requirements in "Raceways and Boxes for Electrical Systems" for raceway selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this Section.
	1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and 2-1/2 inches (64 mm) deep.
	2. Flexible metal conduit shall not be used.

	B. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends between pull points.
	C. Install manufactured conduit sweeps and long-radius elbows if possible.
	D. Raceway Installation in Equipment Rooms:
	1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the corner of the room if multiple sheets of plywood are installed around perimeter walls of the room.
	2. Install cable trays to route cables if conduits cannot be located in these positions.
	3. Secure conduits to backboard if entering the room from overhead.
	4. Extend conduits 4 inches above finished floor.
	5. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.


	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Comply with NECA 1.
	B. General Requirements for Cabling:
	1. Comply with TIA-568-C Series of standards.
	2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."
	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 and shall be continuous from terminal to terminal. Do not splice cable between termination, tap, or junction points.
	5. Cables serving a common system may be grouped in a common raceway. Install network cabling and control wiring and cable in separate raceway from power wiring. Do not group conductors from different systems or different voltages.
	6. 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.
	7. 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." Install lacing bars and distribution...
	8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard cable if damaged during installation and replace it with new cable.
	9. Cold-Weather Installation: Bring cable to room temperature before de-reeling. Do not use heat lamps for heating.
	10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Monitor cable pull tensions.
	11. Support: Do not allow cables to lay on removable ceiling tiles.
	12. Secure: Fasten securely in place with hardware specifically designed and installed so as to not damage cables.
	13. Provide strain relief.
	14. Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a radius less than 10 times the cable OD. Use sleeves or grommets to protect cables from vibration at points where they pass around sharp corners and through pe...
	15. Ground wire shall be copper, and grounding methods shall comply with IEEE C2. Demonstrate ground resistance.

	C. Balanced Twisted Pair Cable Installation:
	1. Comply with TIA-568-C.2.
	2. Install termination hardware as specified in "Communications Copper Horizontal Cabling" unless otherwise indicated.
	3. Do not untwist UTP cables more than 1/2 inch at the point of termination to maintain cable geometry.

	D. 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 30 inches apart.
	3. Cable shall not be run through or on structural members or in contact with pipes, ducts, or other potentially damaging items. Do not run cables between structural members and corrugated panels.

	E. Installation of Cable Routed Exposed under Raised Floors:
	1. Install plenum-rated cable only.
	2. Install cabling after the flooring system has been installed in raised floor areas.
	3. Below each feed point, neatly coil a minimum of 72 inches of cable in a coil not less than 18 inches in diameter.


	3.4 REMOVAL OF CONDUCTORS AND CABLES
	A. Remove abandoned conductors and cables. Abandoned conductors and cables are those installed that are not terminated at equipment and are not identified with a tag for future use.

	3.5 CONTROL-CIRCUIT CONDUCTORS
	A. 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 FIRESTOPPING
	A. Comply with TIA-569-D, Annex A, "Firestopping."
	B. Comply with BICSI TDMM, "Firestopping" Chapter.

	3.7 GROUNDING
	A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter.
	B. For low-voltage control wiring and cabling, comply with requirements "Grounding and Bonding for Electrical Systems."

	3.8 IDENTIFICATION
	A. Comply with requirements for identification specified in "Identification for Electrical Systems."
	B. Identify data and communications system components, wiring, and cabling according to TIA-606-B; label printers shall use label stocks, laminating adhesives, and inks complying with UL 969.
	C. Identify each wire on each end and at each terminal with a number-coded identification tag. Each wire shall have a unique tag.

	3.9 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. Visually inspect cable jacket materials for UL or third-party certification markings. Inspect cabling terminations to confirm color-coding for pin assignments and inspect cabling connections to confirm compliance with TIA-568-C.1.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment, and patch cords, and labeling of all components.

	B. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.



	260526 - Grounding and Bonding for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes grounding and bonding systems and equipment.
	B. Section includes grounding and bonding systems and equipment, plus the following special applications:
	1. Underground distribution grounding.
	2. Foundation steel electrodes.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.3 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.4 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Certified by NETA.


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	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 UL 467 for grounding and bonding materials and equipment.

	2.2 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Burndy; Part of Hubbell Electrical Systems.
	2. ERICO; a brand of nVent.
	3. Galvan Industries, Inc.; Electrical Products Division, LLC.
	4. O-Z/Gedney; a brand of Emerson Industrial Automation.
	5. Thomas & Betts Corporation; A Member of the ABB Group.


	2.3 CONDUCTORS
	A. Insulated Conductors: Copper or tinned-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.

	C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section, with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 600 V and shall be ...

	2.4 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	C. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals.
	D. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, tin-plated or silicon bronze bolts.
	E. Cable-to-Cable Connectors: Compression type, copper or copper alloy.
	F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.
	G. Conduit Hubs: Mechanical type, terminal with threaded hub.
	D. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.
	E. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw.
	F. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw.
	G. Straps: Solid copper, copper lugs. Rated for 600 A.
	H. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.
	I. Water Pipe Clamps:
	1. Mechanical type, two pieces with stainless-steel bolts.
	a. Material: Die-cast zinc alloy.
	b. Listed for direct burial.

	2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct burial.


	2.5 GROUNDING ELECTRODES
	A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for No. 8 AWG and larger unless otherwise indicated.
	B. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches above finished floor unless otherwise indicated.
	2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	C. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Underground Connections: Welded connectors except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells: Bolted connectors.
	4. Connections to Structural Steel: Welded connectors.


	3.2 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus. Install a main bonding jumper between the neutral and ground buses.

	3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
	A. Comply with IEEE C2 grounding requirements.
	B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches will extend above finished floor. If necessary, install ground rod before manhole is placed and provide No...
	C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor. Make connections with No. 4 AWG min...
	D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electr...

	3.4 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	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 ...
	C. Water Heater, Heat-Tracing, and Anti-frost 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.
	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 cond...
	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...
	F. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.

	3.5 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.
	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. Use exothermic welds for all below-grade connections.
	3. 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. 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. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use a bolted clamp.

	D. 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 servi...
	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.

	E. 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.
	F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet apart.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal and at individual ground rods. Make tests at ground rods before any conductors are connected.
	a. Measure ground resistance no fewer 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 natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.


	C. Grounding system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
	E. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
	2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
	3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
	4. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohms.
	5. Substations and Pad-Mounted Equipment: 5 ohms.
	6. Manhole Grounds: 10 ohms.

	F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	260529 - Hangers and Supports for Electrical Systems
	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. Steel slotted support systems.
	2. Aluminum slotted support systems.
	3. Conduit and cable support devices.
	4. Support for conductors in vertical conduit.
	5. Structural steel for fabricated supports and restraints.
	6. Mounting, anchoring, and attachment components, including powder-actuated fasteners, mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and hanger rods.
	7. Fabricated metal equipment support assemblies.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for the following:
	a. Slotted support systems, hardware, and accessories.
	b. Clamps.
	c. Hangers.
	d. Sockets.
	e. Eye nuts.
	f. Fasteners.
	g. Anchors.
	h. Saddles.
	i. Brackets.

	2. Include rated capacities and furnished specialties and accessories.



	PART 2 -  PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch- diameter holes at a maximum of 8 inches o.c. in at least one surface.
	1. Manufacturers: Subject to compliance with requirements, undefined:
	a. Allied Tube & Conduit; a part of Atkore International.
	b. B-line, an Eaton business.
	c. Thomas & Betts Corporation; A Member of the ABB Group.
	d. Unistrut; Part of Atkore International.

	2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
	3. Material for Channel, Fittings, and Accessories: Galvanized steel.
	4. Channel Width: Selected for applicable load criteria.
	5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.
	6. Protect finishes on exposed surfaces from damage by applying a strippable, temporary protective covering before shipping.

	B. Aluminum Slotted Support Systems: Extruded-aluminum channels and angles with minimum 13/32-inch- diameter holes at a maximum of 8 inches o.c. in at least one surface.
	1. Manufacturers: Subject to compliance with requirements, undefined:
	a. Cooper Industries, Inc.
	b. Thomas & Betts Corporation; A Member of the ABB Group.
	c. Unistrut; Part of Atkore International.

	2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
	3. Channel Material: 6063-T5 aluminum alloy.
	4. Fittings and Accessories Material: 5052-H32 aluminum alloy.
	5. Channel Width: Selected for applicable load criteria.
	6. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4.
	7. Protect finishes on exposed surfaces from damage by applying a strippable, temporary protective covering before shipping.

	C. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported. Cable-ties shall be of the Type 2S or Type 21S per NEC 330.30(A).
	D. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser conduits. Plugs shall have number, size, and shape of c...
	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. Manufacturers: Subject to compliance with requirements, undefined:
	1) Hilti, Inc.
	2) ITW Ramset/Red Head; Illinois Tool Works, Inc.
	3) MKT Fastening, LLC.


	2. Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in hardened portland cement concrete, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. Manufacturers: Subject to compliance with requirements, undefined:
	1) B-line, an Eaton business.
	2) Hilti, Inc.
	3) ITW Ramset/Red Head; Illinois Tool Works, Inc.
	4) MKT Fastening, LLC.


	3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS Type 18 units and comply with MFMA-4 or MSS SP-58.
	4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for attached structural element.
	5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM F 3125/F 3125M, Grade A325.
	6. 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 Section 055000 "Metal Fabrications" for steel shapes and plates.


	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with the following standards for application and installation requirements of hangers and supports, except where requirements on Drawings or in this Section are stricter:
	1) NECA 1.
	2) NECA 101
	3) NECA 102.
	4) NECA 105.

	B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping materials and installation for penetrations through fire-rated walls, ceilings, and assemblies.
	C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and Boxes for Electrical Systems."
	D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch in diameter.
	E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 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.

	F. 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, according to 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 ...
	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 sl...
	6. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-69.

	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Comply with installation requirements in Section 055000 "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 Section 033000 "Cast-in-Place Concrete."
	C. Anchor equipment to concrete base as follows:
	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.




	260533 - Raceways and Boxes for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits and fittings.
	2. Nonmetallic conduits and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Boxes, enclosures, and cabinets.
	5. Handholes and boxes for exterior underground cabling.

	B. Related Requirements:
	1. "Penetration Firestopping" for firestopping at conduit and box entrances.
	2. "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, manholes, and underground utility construction.
	3. "Pathways for Communications Systems" for conduits, wireways, surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and handholes serving communications systems.


	1.3 DEFINITIONS
	A. ARC: Aluminum rigid conduit.
	B. GRC: Galvanized rigid steel conduit.
	C. IMC: Intermediate metal conduit.

	1.4 ACTION 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, and attachment details.

	1.5 INFORMATIONAL SUBMITTALS

	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS AND FITTINGS
	A. Metal Conduit:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit; a part of Atkore International.
	b. O-Z/Gedney; a brand of Emerson Industrial Automation.
	c. Southwire Company.
	d. Thomas & Betts Corporation; A Member of the ABB Group.
	e. Wheatland Tube Company.

	2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	3. GRC: Comply with ANSI C80.1 and UL 6.
	4. IMC: Comply with ANSI C80.6 and UL 1242.
	5. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit.
	a. Comply with NEMA RN 1.
	b. Coating Thickness: 0.040 inch, minimum.

	6. EMT: Comply with ANSI C80.3 and UL 797.
	7. FMC: Comply with UL 1; zinc-coated steel.
	8. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

	B. Metal Fittings:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit; a part of Atkore International.
	b. O-Z/Gedney; a brand of Emerson Industrial Automation.
	c. Southwire Company.
	d. Thomas & Betts Corporation; A Member of the ABB Group.
	e. Wheatland Tube Company.

	2. Comply with NEMA FB 1 and UL 514B.
	3. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	4. Fittings, General: Listed and labeled for type of conduit, location, and use.
	5. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and NFPA 70.
	6. Fittings for EMT:
	a. Material: Steel.
	b. Type: Setscrew or compression.

	7. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.
	8. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.

	C. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their cond...

	2.2 NONMETALLIC CONDUITS AND FITTINGS
	A. Nonmetallic Conduit:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. RACO; Hubbell.
	b. Thomas & Betts Corporation; A Member of the ABB Group.
	c. United Fiberglass.

	2. Listing and Labeling: Nonmetallic conduit shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	3. Fiberglass:
	a. Comply with NEMA TC 14.
	b. Comply with UL 2515 for aboveground raceways.
	c. Comply with UL 2420 for belowground raceways.

	4. ENT: Comply with NEMA TC 13 and UL 1653.
	5. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	6. LFNC: Comply with UL 1660.

	B. Nonmetallic Fittings:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. RACO; Hubbell.
	b. Thomas & Betts Corporation; A Member of the ABB Group.
	c. United Fiberglass.

	2. Fittings, General: Listed and labeled for type of conduit, location, and use.
	3. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.
	a. Fittings for LFNC: Comply with UL 514B.

	4. Solvents and Adhesives: As recommended by conduit manufacturer.


	2.3 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. B-line, an Eaton business.
	2. Hoffman; a brand of nVent.
	3. MonoSystems, Inc.

	B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 Type 3R unless otherwise indicated, and sized according to NFPA 70.
	1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	C. Fittings and Accessories: Include covers, 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 Screw-cover type unless otherwise indicated.
	E. Finish: Manufacturer's standard enamel finish.

	2.4 BOXES, ENCLOSURES, AND CABINETS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Crouse-Hinds, an Eaton business.
	2. EGS/Appleton Electric.
	3. Hoffman; a brand of nVent.
	4. Hubbell Incorporated.
	5. O-Z/Gedney; a brand of Emerson Industrial Automation.
	6. RACO; Hubbell.
	7. Thomas & Betts Corporation; A Member of the ABB Group.
	8. Wiremold / Legrand.

	B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with gasketed cover.
	E. Nonmetallic Floor Boxes: Nonadjustable, rectangular or round, as indicated on Drawings.
	1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and marked for the maximum allowable weight.
	G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast aluminum with gasketed cover.
	I. Device Box Dimensions: 4 inches square by 2-1/8 inches deep.
	J. Gangable boxes are allowed.
	K. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 Type 3R with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
	2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

	L. Cabinets:
	1. NEMA 250, Type 1 or Type 3R 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.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.


	2.5 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
	A. General Requirements for Handholes and Boxes:
	1. Boxes and handholes for use in underground systems shall be designed and identified as defined in NFPA 70, for intended location and application.
	2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a combination of the two.
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Armorcast Products Company.
	b. Oldcastle Enclosure Solutions.
	c. Quazite: Hubbell Power Systems, Inc.

	2. Standard: Comply with SCTE 77.
	3. Configuration: Designed for flush burial with closed bottom unless otherwise indicated.
	4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	6. Cover Legend: Molded lettering, "ELECTRIC.".
	7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.
	8. Handholes 12 Inches Wide by 24 Inches Long and Larger: Have inserts for cable racks and pulling-in irons installed before concrete is poured.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit: GRC IMC.
	2. Concealed Conduit, Aboveground: GRC IMC EMT RNC, Type EPC-40-PVC.
	3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried concrete encased.
	4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFNC.
	5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

	B. Indoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage: EMT.
	2. Exposed, Not Subject to Severe Physical Damage: EMT.
	3. Exposed and Subject to Severe Physical Damage: IMC. Raceway locations include the following:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.
	d. Gymnasiums.

	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: IMC.
	7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in institutional and commercial kitchens and 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.
	1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.
	2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings. Use sealant recommended by fitting manufac...
	3. EMT: Use setscrew or compression, steel fittings. Comply with NEMA FB 2.10.
	4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with NEMA FB 2.20.

	E. Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.
	F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	G. Install surface raceways only where indicated on Drawings.
	H. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

	3.2 INSTALLATION
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	B. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. Comply with NFPA 70 limitations for types of raceways allowed in specif...
	C. Do not install raceways or electrical items on any "explosion-relief" walls or rotating equipment.
	D. Do not fasten conduits onto the bottom side of a metal deck roof.
	E. 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.
	F. Complete raceway installation before starting conductor installation.
	G. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	H. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed. Support within 12 inches of changes in direction.
	I. Make bends in raceway using large-radius preformed ells. Field bending shall be according to NFPA 70 minimum radii requirements. Use only equipment specifically designed for material and size involved.
	J. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	K. Support conduit within 12 inches of enclosures to which attached.
	L. 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. Secure raceways to reinforcement at maximum 10-foot intervals.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all directions.
	4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	5. Change from ENT to IMC before rising above floor.

	M. Stub-Ups to Above Recessed Ceilings:
	1. Use EMT, IMC, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	N. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.
	O. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.
	P. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.
	Q. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits te...
	R. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	S. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	T. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	U. 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. Cap underground raceways designated as spare above grade al...
	V. Surface Raceways:
	1. Install surface raceway with a minimum 2-inch radius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches and with no less than two supports per straight raceway section. Support surface raceway according to manufacturer's written instructions. Tape and...

	W. Install raceway sealing fittings at accessible locations according to NFPA 70 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 ...
	X. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Conduit extending from interior to exterior of building.
	4. Conduit extending into pressurized duct and equipment.
	5. Conduit extending into pressurized zones that are automatically controlled to maintain different pressure set points.
	6. Where otherwise required by NFPA 70.

	Y. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	Z. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg F and that has straight-run length that exceeds 25 feet. Install in each run of aboveground RMC and EMT conduit that is located where en...
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	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 Outdoors without Physical Separation: 125 deg F temperature change.
	d. Attics: 135 deg F temperature change.

	3. 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 for PVC conduits. Install fitting(s) that provide expansion and contraction for at least 0.000078...
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation. Install conduit supports to allow for expansion ...

	AA. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of flexible conduit for recessed and semirecessed luminaires, 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.

	BB. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	CC. 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. Prepare block surfaces to provide a flat surface for a raintight connection between box and cover plate or supp...
	DD. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	EE. Locate boxes so that cover or plate will not span different building finishes.
	FF. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	GG. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.
	HH. Set metal floor boxes level and flush with finished floor surface.
	II. Set nonmetallic floor boxes level. Trim after installation to fit 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 Section 312000 "Earth Moving" for pipe less than 6 inches in nominal diameter.
	2. Install backfill as specified in Section 312000 "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 backfi...
	4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts throughout length of elbow.
	5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.
	a. Couple steel conduits to ducts with adapters designed for this purpose and encase coupling with 3 inches of concrete for a minimum of 12 inches on each side of the coupling.
	b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60 inches from edge of foundation or equipment base. Install insulated grounding bushings ...

	6. Warning Planks: Bury warning planks approximately 12 inches above direct-buried conduits but a minimum of 6 inches below grade. Align planks along centerline of conduit.
	7. Underground Warning Tape: Comply with requirements in Section 260553 "Identification for Electrical Systems."


	3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of other enclosures 1 inch above finished grade.
	D. Install handholes with bottom below frost line
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to provide spare space for fu...
	F. Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be used, and seal around penetrations after fittin...

	3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.6 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."

	3.7 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.




	260543 - Underground Ducts and Raceways
	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. Metal conduits and fittings, including GRC and PVC-coated steel conduit.
	2. Rigid nonmetallic duct.
	3. Flexible nonmetallic duct.
	4. Duct accessories.
	5. Precast concrete handholes.
	6. Polymer concrete handholes and boxes with polymer concrete cover.
	7. Fiberglass handholes and boxes with polymer concrete cover.
	8. Fiberglass handholes and boxes.
	9. High-density plastic boxes.
	10. Utility structure accessories.


	1.3 DEFINITIONS
	A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing materials such as concrete.
	B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a duct bank.
	C. Duct Bank:
	1. Two or more ducts installed in parallel, with or without additional casing materials.
	2. Multiple duct banks.

	D. GRC: Galvanized rigid (steel) conduit.
	E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include duct-bank materials, including spacers and miscellaneous components.
	2. Include duct, conduits, and their accessories, including elbows, end bells, bends, fittings, and solvent cement.
	3. Include accessories for handholes, boxes , and other utility structures.
	4. Include underground-line warning tape.
	5. Include warning planks.

	B. Shop Drawings:
	1. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:
	a. Include dimensioned plans, sections, and elevations, and fabrication and installation details.
	b. Include duct entry provisions, including locations and duct sizes.
	c. Include cover design.
	d. Include grounding details.
	e. Include dimensioned locations of cable rack inserts, and pulling-in and lifting irons.



	1.5 INFORMATIONAL SUBMITTALS
	A. Source quality-control reports.
	B. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated.

	1.7 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions, and then only after arranging to provide temporary electrical service accord...
	1. Notify Construction Manager no fewer than fourteen days in advance of proposed interruption of electrical service.
	2. Do not proceed with interruption of electrical service without the Construction Manager's written permission.

	B. Ground Water: Assume ground-water level is 24 inches (61 cm) below ground surface unless a higher water table is noted on Drawings.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUIT AND FITTINGS
	A. GRC: Comply with ANSI C80.1 and UL 6.
	B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.

	2.2 RIGID NONMETALLIC DUCT
	A. Underground Plastic Utilities Duct: Type EB-20 PVC RNC, complying with NEMA TC 6 & 8, ASTM F512, and UL 651, with matching fittings complying with NEMA TC 9 by same manufacturer as duct.
	B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.
	C. Solvents and Adhesives: As recommended by conduit manufacturer.

	2.3 DUCT ACCESSORIES
	A. Underground-Line Warning Tape: Comply with requirements for underground-line warning tape specified in Section 260553 "Identification for Electrical Systems."

	2.4 PRECAST CONCRETE HANDHOLES AND BOXES
	A. Description: Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom unless open-bottom enclosures are indicated. Frame and cover shall form top of enclosure and shall have load rating consistent with that of handhole or box.
	B. Comply with ASTM C858 for design and manufacturing processes.
	C. Frame and Cover: Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
	D. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	E. Cover Legend: Molded lettering, as indicated for each service.
	F. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	G. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as enclosure.
	1. Extension shall provide increased depth of [12 inches (300 mm)].
	2. Slab: Same dimensions as bottom of enclosure and arranged to provide closure.

	H. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.

	2.5 FIBERGLASS HANDHOLES AND BOXES
	A. Description: Molded of fiberglass-reinforced polyester resin, with covers made of polymer concrete.
	B. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure Application" Article.
	C. Color: Green.
	D. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	E. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure.
	F. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	G. Cover Legend: Molded lettering, as indicated for each service.
	H. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-bell fittings, selected to suit box material, sized for wiring indicated, and arranged for secure, fixed installation in enclosure wall.
	I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed installation in enclosure wall.

	2.6 UTILITY STRUCTURE ACCESSORIES
	A. Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared, threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-inch (13-mm) ID by 2-3/4 inches (69 mm) deep, flared to 1-1/4 ...
	1. Tested Ultimate Pullout Strength: 12,000 lbf (53 kN) minimum.

	B. Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge type with stainless-steel expander clip with 1/2-inch (13-mm) bolt, 5300-lbf (24-kN) rated pullout strength, and minimum 6800-lbf (30-kN) rated shear strength.
	C. Cable Rack Assembly: Nonmetallic. Components fabricated from nonconductive, fiberglass-reinforced polymer.
	1. Stanchions: Nominal 36 inches (900 mm) high by 4 inches (100 mm) wide, with provisions to connect to other sections to form a continuous unit, with minimum of nine holes for arm attachment.
	2. Arms: Arranged for secure, drop-in attachment in horizontal position at any location on cable stanchions, and capable of being locked in position. Arms shall be available in lengths ranging from 3 inches (75 mm) with 450-lb (204-kg) minimum capacit...

	D. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to cable insulation, and workable at temperatures as low as 35 deg F (2 deg C). Capable of withstanding temperature of 300 deg F (150 deg C) without slump and ad...

	2.7 SOURCE QUALITY CONTROL
	A. Test and inspect precast concrete utility structures according to ASTM C1037.
	B. Nonconcrete Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance with SCTE 77. Strength tests shall be for specified tier ratings of products supplied.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Architect if there is a conflict between areas of...
	B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of duct and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. ...
	C. Clear and grub vegetation to be removed and protect vegetation to remain according to Section 311000 "Site Clearing." Remove and stockpile topsoil for reapplication according to Section 311000 "Site Clearing."

	3.2 UNDERGROUND DUCT APPLICATION
	A. Duct for Electrical Feeders 600 V and Less: Type EPC-80-PVC, direct-buried unless otherwise indicated.
	B. Duct for Electrical Branch Circuits: Type EPC-40-PVC, direct-buried unless otherwise indicated.
	C. Bored Underground Duct: Type EPEC-80-HDPE unless otherwise indicated.
	D. Underground Ducts Crossing Paved Paths and Driveways, Roadways: Type EPC-40 PVC RNC, encased in reinforced concrete.
	E. Stub-ups: RNC.

	3.3 UNDERGROUND ENCLOSURE APPLICATION
	A. Handholes and Boxes for 600 V and Less:
	1. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate Loading by Heavy Vehicles: Polymer concrete, SCTE 77, Tier 15 structural load rating.
	2. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester resin, structurally tested according to SCTE 77 with 3000-lbf (13 345-N) vertical loading.
	3. Cover design load shall not exceed the design load of the handhole or box.


	3.4 EARTHWORK
	A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-duty, hydraulic-operated, compaction equipment.
	B. Restoration: Replace area immediately after backfilling is completed or after construction vehicle traffic in immediate area is complete.
	C. Restore surface features at areas disturbed by excavation, and re-establish original grades unless otherwise indicated. Replace removed sod immediately after backfilling is completed.
	D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching. Comply with Section 329200 "Turf and Grasses" ...
	E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground structures according to "Cutting and Patching" Article in Section 017300 "Execution."

	3.5 DUCT AND DUCT-BANK INSTALLATION
	A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank configuration shown. Duct installation requirements in this Section also apply to duct bank.
	B. Install duct according to NEMA TCB 2.
	C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment. Slope duct from a high point between two manholes, to drain in both directions.
	D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use manufactured long sweep bends with a minimum radius of 48 inches (1200 mm), both horizontally and vertically, at other locations unless otherwise indicated.
	1. Duct shall have maximum of two 90 degree bends or the total of all bends shall be no more 180 degrees between pull points.

	E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in same plane.
	F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed parallel to underground steam lines, perform calculations showing the duct will not be subject to environmental temperatures above 40 deg C. Where environmental temperat...
	G. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) duct, and vary proportionately for other duct sizes.
	1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell, without reducing duct slope and without forming a trap in the line.
	2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting near the center of all straight line direct-buried duct with ca...
	3. Grout end bells into structure walls from both sides to provide watertight entrances.

	H. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use manufactured, cast-in-place duct terminators, with entrances into structure spaced approximately 6 inches (150 mm) o.c. for 4-inch (100-mm) duct, and vary proportiona...
	1. Begin change from regular spacing to terminator spacing 10 feet (3 m) from the terminator, without reducing duct line slope and without forming a trap in the line.
	2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting near the center of all straight line duct with calculated expan...

	I. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at terminations. Use sealing compound and plugs to withstand at least 15-psig (1.03-MPa) hydrostatic pressure.
	J. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts.
	K. Direct-Buried Duct and Duct Bank:
	1. Excavate trench bottom to provide firm and uniform support for duct. Comply with requirements in Section 312000 "Earth Moving" for preparation of trench bottoms for pipes less than 6 inches (150 mm) in nominal diameter.
	2. Width: Excavate trench 12 inches (300 mm) wider than duct on each side.
	3. Width: Excavate trench 3 inches (75 mm) wider than duct on each side.
	4. Depth: Install top of duct at least 36 inches (900 mm) below finished grade unless otherwise indicated.
	5. Set elevation of bottom of duct bank below frost line.
	6. Support ducts on duct spacers coordinated with duct size, duct spacing, and outdoor temperature.
	7. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, with not less than four spacers per 20 feet (6 m) of duct. Place spacers within 24 inches (600 mm) of duct ends. Stagger spacers approximately 6 inches (150 m...
	8. Install duct with a minimum of 3 inches (75 mm) between ducts for like services and 6 inches (150 mm) between power and communications duct.
	9. Elbows: Install manufactured duct elbows for stub-ups, at building entrances, and at changes of direction in duct direction unless otherwise indicated. Encase elbows for stub-up ducts throughout length of elbow.
	10. After installing first tier of duct, backfill and compact. Start at tie-in point and work toward end of duct run, leaving ducts at end of run free to move with expansion and contraction as temperature changes during this process. Repeat procedure ...
	a. Place minimum 3 inches (75 mm) of sand as a bed for duct. Place sand to a minimum of 6 inches (150 mm) above top level of duct.
	b. Place minimum 6 inches (150 mm) of engineered fill above concrete encasement of duct.


	L. Underground-Line Warning Tape: Bury conducting underground line specified in Section 260553 "Identification for Electrical Systems" no less than 12 inches (300 mm) above all concrete-encased duct and duct banks and approximately 12 inches (300 mm) ...

	3.6 INSTALLATION OF CONCRETE HANDHOLES, AND BOXES
	A. Precast Concrete Handhole Installation:
	1. Comply with ASTM C891 unless otherwise indicated.
	2. Install units level and plumb and with orientation and depth coordinated with connecting duct, to minimize bends and deflections required for proper entrances.
	3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.

	B. Elevations:
	1. Install handholes with bottom below grade.
	2. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. Set covers of other handholes 1 inch (25 mm) above finished grade.
	3. Where indicated, cast handhole cover frame integrally with handhole structure.

	C. Dampproofing: Apply dampproofing to exterior surfaces of manholes after concrete has cured at least three days. Dampproofing materials and installation are specified in Section 071113 "Bituminous Dampproofing." After ducts are connected and grouted...
	D. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable arms, as required for installation and support of cables and conductors and as indicated.

	3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting duct, to minimize bends and deflections required for proper entrances. Use box extension if required to match depths of duct, and seal joint betw...
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of other handholes 1 inch (25 mm) above finished grade.
	D. Install handholes and boxes with bottom below grade.
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to provide spare space for fu...
	F. Field cut openings for duct according to enclosure manufacturer's written instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be used, and seal around penetrations after fittings a...
	G. For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and with top surface screeded to top of box cover frame. Bottom of ...
	1. Concrete: 3000 psi (20 kPa), 28-day strength, complying with Section 033000 "Cast-in-Place Concrete," with a troweled finish.
	2. Dimensions: 10 inches wide by 12 inches deep (250 mm wide by 300 mm deep).


	3.8 GROUNDING
	A. Ground underground ducts and utility structures according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.9 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Demonstrate capability and compliance with requirements on completion of installation of underground duct, duct bank, and utility structures.
	2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are ...
	3. Test handhole grounding to ensure electrical continuity of grounding and bonding connections. Measure and report ground resistance as specified in Section 260526 "Grounding and Bonding for Electrical Systems."

	B. Correct deficiencies and retest as specified above to demonstrate compliance.
	C. Prepare test and inspection reports.

	3.10 CLEANING
	A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for final cleaning and to assist in spreading lubricant...
	B. Clean internal surfaces of handholes.
	1. Removing dirt and debris.
	2. Remove foreign material.




	260544 - Sleeves and Sleeve Seals for Electrical Raceways and Cabling
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
	2. Sleeve-seal systems.
	3. Sleeve-seal fittings.
	4. Grout.
	5. Silicone sealants.

	B. Related Requirements:
	1. "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.

	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

	2.2 SLEEVE-SEAL SYSTEMS
	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, provide products by one of the following:
	a. Advance Products & Systems, Inc.
	b. Metraflex Company (The).
	c. Pipeline Seal and Insulator, Inc.

	2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.
	3. Pressure Plates: Carbon steel.
	4. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length required to secure pressure plates to sealing elements.


	2.3 SLEEVE-SEAL FITTINGS
	A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.
	1. Manufacturers: Subject to compliance with requirements, provide products by the following:
	a. Emerson
	b. Innerlynx, Eaton Crouse-Hinds, a Cooper Industries Company
	c. Link-Seal, GPT an EnPro Industries Company
	d. Metraflex



	2.4 GROUT
	A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.
	2. Sealant shall have a VOC content of 50 g/L or less.

	B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
	a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Section 079200 "Joint Sealants."
	b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve and wall so no voids remain. Tool exposed surfaces smooth; protect material while curing.

	2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed.
	4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr after cutting.

	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
	2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

	E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. 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.
	G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install 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 an...

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.



	260553 - Identification for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Color and legend requirements for raceways, conductors, and warning labels and signs.
	2. Labels.
	3. Bands and tubes.
	4. Tapes and stencils.
	5. Tags.
	6. Signs.
	7. Cable ties.
	8. Paint for identification.
	9. Fasteners for labels and signs.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with ASME A13.1 and IEEE C2.
	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. Comply with NFPA 70E requirements for arc-flash warning labels.
	F. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.
	G. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.
	1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material surfaces.


	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Color-Coding for Phase- Identification, 600 V or Less: Use colors listed below for ungrounded service, feeder and branch-circuit conductors.
	1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if authorities having jurisdiction permit.
	2. Colors for 208/120-V Circuits:
	a. Phase A: Black.
	b. Phase B: Red.
	c. Phase C: Blue.

	3. Color for Neutral: White .
	4. Color for Equipment Grounds: Bare copper, Green, or Green with a yellow stripe.

	B. Warning Label Colors:
	1. Identify system voltage with black letters on an orange background.

	C. Warning labels and signs shall include, but are not limited to, the following legends:
	1. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."

	D. Equipment Identification Labels:
	1. White letters on a Black field.


	2.3 LABELS
	A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends.
	B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameters sized to suit diameter and that stay in place by gripping action.
	C. Self-Adhesive Wraparound Labels: Preprinted, 3-mil thick, vinyl flexible label with acrylic pressure-sensitive adhesive.
	1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective shield over the legend. Labels sized such that the clear shield overlaps the entire printed legend.
	2. Marker for Labels: Machine-printed, permanent, waterproof, black ink recommended by printer manufacturer.

	D. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3.5-mil thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location.
	1. Minimum Nominal Size:
	a. 1-1/2 by 6 inches for raceway and conductors.
	b. 3-1/2 by 5 inches for equipment.
	c. As required by authorities having jurisdiction.



	2.4 TAPES AND STENCILS
	A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils thick by 1 to 2 inches wide; compounded for outdoor use.
	C. Tape and Stencil: 4-inch- wide black stripes on 10-inch centers placed diagonally over orange background and is 12 inches  wide. Stop stripes at legends.
	D. Floor Marking Tape: 2-inch- wide, 5-mil pressure-sensitive vinyl tape, with yellow and black stripes and clear vinyl overlay.
	E. Underground-Line Warning Tape:
	1. Tape:
	a. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications  lines.
	b. Printing on tape shall be permanent and shall not be damaged by burial operations.
	c. Tape material and ink shall be chemically inert and not subject to degradation when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	2. Color and Printing:
	a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5.
	b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE"
	c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE".

	3. Description:
	a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, a solid aluminum-foil core, and a clear protective film that allows inspection of the continuity of the conductive core; bright colored, compounded for direct-buria...
	b. Width: 3 inches.
	c. Overall Thickness: 5 mils.
	d. Foil Core Thickness: 0.35 mil.
	e. Weight: 28 lb/1000 sq. ft.
	f. Tensile according to ASTM D882: 70 lbf and 4600 psi.


	F. Stenciled Legend: In nonfading, waterproof, black ink, or paint. Minimum letter height shall be 1 inch.

	2.5 SIGNS
	A. Laminated Acrylic or Melamine Plastic Signs:
	1. Engraved legend.
	2. Thickness:
	a. For signs up to 20 sq. in., minimum 1/16 inch thick.
	b. For signs larger than 20 sq. in., 1/8 inch thick.
	c. Engraved legend with black letters on white face
	d. Punched or drilled for mechanical fasteners with 1/4-inch grommets in corners for mounting.
	e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.



	2.6 CABLE TIES
	A. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	1. Minimum Width: 3/16 inch (5 mm).
	2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 MPa).
	3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color: Black, except where used for color-coding.

	B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	1. Minimum Width: 3/16 inch (5 mm).
	2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 MPa).
	3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color: Black.

	C. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking.
	1. Minimum Width: 3/16 inch (5 mm).
	2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 7000 psi (48.2 MPa).
	3. UL 94 Flame Rating: 94V-0.
	4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).
	5. Color: Black.


	2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain 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 and flat and lock washers.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Equipment to Be Labeled (Laminated Acrylic or Melamine Plastic):
	a. Panelboards, electrical cabinets, and enclosures.
	b. Electrical switchgear and switchboards.
	c. Disconnect switches.
	d. Enclosed circuit breakers.
	e. Motor starters.
	f. Push-button stations.
	g. Power transfer equipment.
	h. Contactors.

	B. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance ...
	C. Install identifying devices before installing acoustical ceilings and similar concealment.
	D. Verify identity of each item before installing identification products.
	E. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.
	F. Apply identification devices to surfaces that require finish after completing finish work.
	G. Install signs with approved legend to facilitate proper identification, operation, and maintenance of electrical systems and connected items.
	H. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.
	I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at equipment used for power transfer and/or any emergency operations.
	K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from the floor.
	L. Vinyl Wraparound Labels:
	1. Secure tight to surface at a location with high visibility and accessibility.
	2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive appropriate to the location and substrate.

	M. Snap-around Labels: Secure tight to surface at a location with high visibility and accessibility.
	N. Self-Adhesive Wraparound Labels: Secure tight to surface of raceway or cable at a location with high visibility and accessibility.
	O. Self-Adhesive Labels:
	1. On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual.
	2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 2 inches (50 mm) high.

	P. Snap-around Color-Coding Bands: Secure tight to surface at a location with high visibility and accessibility.
	Q. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and accessibility.
	R. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility.
	S. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and accessibility.
	1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 6 inches (150 mm) where splices or taps are made. Apply last two turns of tape with no tension to prevent possible unwinding.

	T. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and paint application.
	U. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written instructions.
	V. Underground Line Warning Tape:
	1. During backfilling of trenches, install continuous underground-line warning tape directly above cable or raceway at 6 to 8 inches (150 to 200 mm) below finished grade. Use multiple tapes where width of multiple lines installed in a common trench or...
	2. Install underground-line warning tape for direct-buried cables and cables in raceways.

	W. Write-on Tags:
	1. Place in a location with high visibility and accessibility.

	X. Laminated Acrylic or Melamine Plastic Signs:
	1. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on minimum 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, use signs minimum 2 inches (50 mm) high.

	Y. Cable Ties: General purpose, for attaching tags, except as listed below:
	1. Outdoors: UV-stabilized nylon.
	2. In Spaces Handling Environmental Air: Plenum rated.


	3.2 IDENTIFICATION SCHEDULE
	A. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations of high visibility. Identify by system and circuit designation.
	C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use self-adhesive wraparound labels to identify the phase.
	1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in congested areas.

	D. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use write-on tags self-adhesive wraparound labels with the conductor or cable designation, origin, and destination.
	E. Control-Circuit Conductor Termination Identification: For identification at terminations, provide heat-shrink preprinted tubes with the conductor designation.
	F. Auxiliary Electrical Systems Conductor Identification: Self-adhesive vinyl tape that is uniform and consistent with system used by manufacturer for factory-installed connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. Identify by system and circuit designation.

	G. Locations of Underground Lines: Underground-line warning tape for power, lighting, communication, and control wiring and optical-fiber cable.
	H. Workspace Indication: Apply floor marking tape and stencil] to finished surfaces. Show working clearances in the direction of access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install a...
	I. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded conductors.
	J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Baked-enamel warning signs.
	1. Apply to exterior of door, cover, or other access.
	2. 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.


	K. Arc Flash Warning Labeling: Self-adhesive labels.
	L. Operating Instruction Signs: Laminated acrylic or melamine plastic signs.
	M. Emergency Operating Instruction Signs: Laminated acrylic or melamine plastic signs with white legend on a red background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at equipment used for power transfer and other emergenc...
	N. Equipment Identification Labels:
	1. Indoor Equipment: Laminated acrylic or melamine plastic sign.
	2. Outdoor Equipment: Laminated acrylic or melamine sign.




	260923 - Lighting Control Devices
	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. Switchbox-mounted occupancy sensors.
	2. Conductors and Cables

	B. Related Requirements:
	1. Section 262726 "Wiring Devices" for wall-box dimmers, and manual light switches.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:
	1. Show installation details for the following:
	a. Occupancy sensors.
	b. Vacancy sensors.

	2. Interconnection diagrams showing field-installed wiring.
	3. Include diagrams for power, signal, and control wiring.


	1.4 INFORMATIONAL SUBMITTALS
	A. Sample Warranty: For manufacturer's warranties.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For each type of lighting control device to include in operation and maintenance manuals.
	B. Hardware and Firmware Operational Documentation:
	1. Hardware operating and upgrade manuals.


	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer and Installer agree to replace lighting control devices that fail(s) in materials or workmanship within specified warranty period.
	1. Failures include, but are not limited to, the following:
	a. Faulty operation of lighting control software.
	b. Faulty operation of lighting control devices.

	2. Warranty Period: Two year(s) from date of Substantial Completion and consisting of a one for one device replacement.



	PART 2 -  PRODUCTS
	2.1 SWITCHBOX-MOUNTED OCCUPANCY SENSORS
	A. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-off switch, suitable for mounting in a single gang switchbox using hardwired connection.
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage area is occupied, and turn lights off when unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 20 minutes.
	3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F (0 to 49 deg C).
	4. Switch Rating: Not less than 1000-VA LED load at 120 V, 1200-VA LED load at 277 V.

	B. Wall-Switch Sensor:
	1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a minimum coverage area of 2100 sq. ft (196 sq. m).
	2. Sensing Technology: Dual technology.
	3. Switch Type: SP, manual "on," automatic "off."
	4. Capable of controlling load in three-way application.
	5. Voltage: Dual voltage - 120 and 277 V.
	6. Concealed, field-adjustable, "off" time-delay selector at up to 20 minutes.
	7. Color: Coordinate color of switch and faceplate requirements with Section 262726 “Wiring Devices”.


	2.2 CONDUCTORS AND CABLES
	A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG. Comply with requirements in Section 260519 "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 Section 260519 "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 Section 260519 "Low-Voltage Electrical Power Conductors and Cables."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine lighting control devices before installation. Reject lighting control devices that are wet, moisture damaged, or mold damaged.
	B. Examine walls and ceilings for suitable conditions where lighting control devices will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 WIRING INSTALLATION
	A. Comply with NECA 1.
	B. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and Cables." Minimum conduit size is 1/2 inch (13 mm) when installed in inaccessible spaces. Utilizing adjacent line voltage power conduit is acceptable providing th...
	C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-limited conductors according to conductor manufacturer's written instructions.
	D. Size conductors according to lighting control device manufacturer's written instructions unless otherwise indicated.
	E. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
	F. Provide written or computer-generated documentation on the configuration of the system including room by room description including:
	1. Sensor parameters, time delays, sensitivities, and daylighting setpoints.
	2. Sequence of operation, (e.g. manual ON, Auto OFF. etc.)
	3. Load Parameters (e.g. blink warning, etc.)


	3.3 IDENTIFICATION
	A. Identify components and power and control wiring according to Section 260553 "Identification for Electrical Systems."
	1. Identify circuits or luminaires controlled by photoelectric and occupancy sensors at each sensor.


	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	1. Operational Test: After installing time switches and sensors, and after electrical circuitry has been energized, start units to confirm proper unit operation.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

	B. Tests and Inspections: Manufacturer's service representative shall perform the following inspections and prepare reports.
	1. Verify Class I and II wiring connections are terminated properly by validating system performance.
	2. Verify that the control of each space complies with the Sequence of Operation.
	3. Correct any system issues and retest.

	C. Lighting control devices will be considered defective if they do not pass tests and inspections.
	D. Provide a report in table format with drawings or using a software file that can be opened in the manufacturer's system software including each room or space that has lighting control installed. Indicate the following:
	1. Date of test or inspection.
	2. Quantity and Type of each device installed
	3. Reports providing each device's settings.


	3.5 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting lighting control devices to suit actual occupied conditions. Provide up to two visits to Project during other-than-n...
	1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set time delay to suit Owner's operations.


	3.6 FIRMWARE SERVICE AGREEMENT
	A. Technical Support: Beginning at Substantial Completion, service agreement shall include firmware support for two years.



	260943 - Distributed Intelligence Based Lighting Controls
	1)  WattStopper, a division of Legrand North America, LLC.
	2)  nLIGHT, a division of Acuity Brands Inc.
	3)  Cooper Lighting Solutions – Greengate
	a.  Technical Support: Beginning at Substantial Completion, service agreement shall include software support for two years.
	b.  Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within two years from date of Substantial Completion. Upgrading software shall include operating system and ...
	1)  Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and to upgrade computer equipment if necessary.


	261329 - Medium-Voltage, Pad-Mounted Switchgear
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes dead-front, remotely controlled insulated vacuum load and fault interrupting switchgear.

	1.2 DEFINITIONS
	A. BIL: Basic Impulse Insulation Level.
	B. Bushing: An insulating structure including a central conductor, or providing a central passage for a conductor, with provision for mounting on a barrier, conducting or otherwise, for insulating the conductor from the barrier and conducting current ...
	C. Bushing Elbow: An insulated device used to connect insulated conductors to separable insulated connectors on dead-front, pad-mounted switchgear and to provide a fully insulated connection. Also called an "elbow connector."
	D. Bushing Insert: That component of a separable insulated connector that is inserted into a bushing well to complete a dead-front, load break or non-load break, separable insulated connector (bushing).
	E. Bushing Well: A component of a separable insulated connector, either permanently welded or clamped to an enclosure wall or barrier, having a cavity that receives a replaceable component (bushing insert) to complete the separable insulated connector...
	F. Fault Interrupter: A self-controlled mechanical switching device capable of making, carrying, and automatically interrupting an alternating current. It includes an assembly of control elements to detect overcurrents and control the fault interrupte...
	G. Hotstick: An insulated stick, usually made of fiberglass, that is used to work energized overhead conductors and operate electrical equipment that is overhead, underground, and compartmentalized.
	H. NETA ATS: InterNational Electrical Testing Association, Acceptance Testing Specification.
	I. SCADA: Supervisory control and data acquisition.
	J. Way: A three-phase or single-phase circuit connection to the bus that may contain combinations of switches and protective devices or may be a solid bus.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For pad-mounted switchgear.
	1. Include a tabulation of installed devices with features and ratings.
	2. Include dimensioned plans and elevations, showing dimensions, shipping sections, and weights of each assembled section. Elevations shall show major components and features, and they will mimic bus diagram.
	3. Include a plan view and cross section of equipment base, showing clearances, manufacturer's recommended work space, and locations of penetrations for grounding and conduits. Show location of anchor bolts.
	4. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, and location and size of each field connection.
	5. Wiring Diagrams: For each switchgear assembly, include the following:
	a. Power, signal, and control wiring.
	b. Schematic diagrams showing connections to remote devices.



	1.4 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For pad-mounted switchgear.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA.
	1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. G & W Electric

	2.2 SWITCH CONFIGURATION
	A. The switch shall have 3-phase loadbreak switch ways and 3-phase vacuum fault interrupter ways as required.
	B. The switch shall be designed for front access to cables and operators

	2.3 SWITCH CONSTRUCTION
	A. The switch shall be a dead-front design.  The operating mechanism housing shall be stainless steel with a viewing window for verification of vacuum interrupter contact position.  The housing shall be painted ANSI 70 light gray using corrosion-resis...
	B. The solid dielectric module must be coated with a semi-conductive layer of epoxy, providing a completely dead front device.  The semi-conductive layer must be tested to IEEE 592 to ensure it can carry fault current to ground so as to ensure operato...
	C. The switch shall be designed for long term operation in the harshest environments.  The interrupter design must be tested to IEC60529 and achieve a protection rating of IP68, subjected to a 10’ head of water pressure for 7 days.
	D. All ways of the switch shall be equipped with an integral blade type disconnect switch incorporated within the solid dielectric module to provide a true visible break.  The Visible Break switch shall be in series with the vacuum interrupter and pro...
	E. The switch shall interrupt all load currents within the vacuum bottle.  The switch shall include two mechanical interlocks, one external and one internal, for safe operation.
	F. The switch mechanism shall consist of three vacuum bottle assemblies mechanically linked to a single spring-assisted operating mechanism.  Manual opening and closing of the switch shall be via an operating handle.

	2.4 DESIGN RATINGS
	A. Load Break Switches shall be rated
	B. The fault interrupter shall be rated:

	2.5 CABLE ENTRANCES
	A. Load Break Switches

	2.6 VACUUM INTERRUPTER CONTROL
	A. An electronic control shall be provided to monitor load and fault current on all three phases of the interrupter. The current transformers encapsulated within the solid dielectric modules provide control power and current sensing.  No external powe...
	B. Type 2
	The control shall include 30 Time Current Characteristic (TCC) curves, which shall be field selectable using dip switches.  The control shall be equipped with multiple TCC curve modification options, including Instantaneous Trip, Inrush Restraint, and...

	2.7 PAD MOUNT ENCLOSURE
	A. The enclosure shall be fabricated of 12 gauge galvanized steel and manufactured to ANSI C37.72 and C57.12.28 standards.  The enclosure shall be tamper resistant incorporating hinged access doors with pentahead locking bolts and provisions for padlo...

	2.8 FACTORY PRODUCTION TESTS
	A. Each switch shall undergo the following production testing.  Test reports must be available upon request

	2.9 STANDARD COMPONENTS
	A. The following shall be included as standard:

	2.10 OPTIONS
	A. The following options shall be supplied:


	1. Mounting frame to bolt switch to the floor stainless steel construction.
	2. 4/0 brass ground lugs
	3. Provisions to mount a  key interlock after installation
	4. Keylock installed at the factory, to lock in open position
	5. Two (2) Form C contacts for remote monitoring of the position of the vacuum bottle contacts.
	2.11 SYSTEM DESCRIPTION

	The switchgear shall consist of solid dielectric insulated loadbreak switch ways and vacuum fault interrupter ways.  All ways of the switch shall include a blade type switch incorporated within the solid dielectric module to provide a visible break of...
	A. Manufactured Unit: Pad-mounted switchgear, designed for application in solidly grounded neutral underground distribution systems.
	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. Comply with IEEE C2.
	D. Comply with IEEE C37.74
	2.12 PERFORMANCE REQUIREMENTS
	A. Service Conditions:
	1. Switchgear shall be suitable for operation under service conditions specified as usual service conditions in IEEE C37.20.3.


	2.13 QUALITY ASSURANCE
	2.14 DELIVERY STORAGE AND HANDLING
	2.15 BUSHINGS
	A. Separable insulated connectors shall be used to connect primary cable. Comply with requirements in Section 260513 "Medium-Voltage Cables."
	1. Bushings: One-piece, 600 A, BIL ratings the same as the connectors. Comply with IEEE 386.
	2. Supply a standoff bracket or parking stand for each bushing, mounted horizontally adjacent to each bushing.


	2.16 SURGE ARRESTERS
	A. Distribution class; metal-oxide-varistor type, fully shielded, separable elbow type, suitable for plugging into the inserts. Comply with IEEE C62.11 and IEEE 386.
	1. Nominal System Line-to-Line Voltage: 15.5 kV rms.
	2. Maximum Continuous Operating Voltage: 8.4 kV rms.
	3. Duty-Cycle Voltage: 8.4 kV rms.


	2.17 WARNING LABELS AND SIGNS
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for labels and signs.
	1. High-Voltage Warning Label: Self-adhesive warning labels on the outside of the high-voltage compartment door(s). Legend shall be "DANGER HIGH VOLTAGE" printed in two lines of minimum 2-inch (50 mm) high letters. The word "DANGER" shall be in white ...
	2. Arc-Flash Warning Label: Self-adhesive labels on the outside of the high-voltage compartment door(s), warning of potential electrical arc-flash hazards and appropriate personal protective equipment required.
	3. Hazard Alerting Signs
	The exterior of the pad mount enclosure (if furnished) shall be provided with “Warning--Keep Out--Hazardous Voltage Inside--Can Shock, Burn, or Cause Death” signs. Each unit of switchgear shall be provided with a “Danger--Hazardous Voltage--Failure to...
	4. Nameplates, Ratings Labels, and Connection Diagrams
	Each unit of switchgear shall be provided with a nameplate indicating the manufacturer’s name, catalog number, model number, date of manufacture, and serial number. Each unit of switchgear shall be provided with a ratings label indicating the followin...


	2.18 SOURCE QUALITY CONTROL
	A. Factory Tests: Comply with requirements in IEEE C37.60 and IEEE C37.74 for testing procedures.
	1. Circuit Resistance Test: Verify that switchgear contacts have been properly aligned and current transfer points have been properly assembled.
	2. Power-frequency dry withstand voltage test.
	3. Dielectric withstand test; one-minute dry power-frequency.
	4. Calibrate overcurrent devices for conformance to published time-current characteristic curves.
	5. Sealed Tank Leak Test:
	a. Comply with IEC 62271-1 for test procedure for switchgear using SF6.
	b. The test procedure for vacuum switchgear shall be as follows:
	1) Each vacuum tube shall be identified by its serial number. Its vacuum pressure level shall be tested by the manufacturer of the vacuum interrupter. Document the test results.
	2) After assembly of the switchgear way, test the vacuum pressure level of the vacuum tubes by the routine dielectric test across the open contacts. The test voltage shall be stated by the manufacturer. The dielectric test shall be carried out after t...


	6. Operating tests shall verify the following:
	a. Switch position indicators and contacts are in the correct position for both the open and closed positions.
	b. Insulating medium quantity indicator (if provided) is functioning properly.
	c. Circuit configuration is shown correctly.
	d. Mechanical interlocks are in place and operative.
	e. Position and polarity of current transformers meets requirements.
	f. Control, secondary wiring, and accessory devices are connected correctly.
	g. Devices and relays actually operate as intended. Circuits for which operation is not feasible shall be checked for continuity.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Upon delivery of switchgear and prior to unloading, inspect equipment for damage.
	B. Handle switchgear, according to manufacturer's recommendations; avoid damage to the enclosure, termination compartments, base, frame, and internal components. Do not subject switchgear to impact, jolting, jarring, or rough handling.
	C. Switchgear may be stored outdoors. If possible, store switchgear at final installation locations on concrete pads. If dry concrete surfaces are not available, use pallets of adequate strength to protect switchgear from direct contact with the groun...

	3.2 SWITCHGEAR INSTALLATION
	A. Comply with NECA 1.
	B. Equipment Mounting:
	1. Install switchgear on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."

	C. Install level and plumb, tilting less than 1.5 degrees when energized.
	D. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and NFPA 70.
	E. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and IEEE C2.

	3.3 CONNECTIONS
	A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	B. Terminate medium-voltage cables in incoming section of switchgear according to Section 260513 "Medium-Voltage Cables."

	3.4 SIGNS AND LABELS
	A. Comply with the installation requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."
	B. Install warning signs as required to comply with OSHA 29 CFR 1910.269.

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Perform each electrical test and visual and mechanical inspection stated in NETA ATS. Certify compliance with test parameters. Perform NETA tests and inspections for each of the following NETA categories:
	a. Pad Mount SF6 Switchgear.
	b. Surge arresters.


	B. Switchgear will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.6 SYSTEM FUNCTION TESTS
	A. System function tests shall prove the correct interaction of sensing, processing, and action devices. Perform system function tests after "Field Quality Control" tests have been completed and all components have passed specified tests.
	1. Develop test parameters and perform tests for evaluating performance of integral components and their functioning as a complete unit within design requirements and manufacturer's published data.
	2. Verify the correct operation of interlock safety devices for fail-safe functions in addition to design function.
	3. Verify the correct operation of sensing devices, alarms, and indicating devices.


	3.7 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain systems.



	262416 - Panelboards
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Distribution panelboards.
	2. Lighting and appliance branch-circuit panelboards.


	1.2 DEFINITIONS
	A. MCCB: Molded-case circuit breaker.
	B. SPD: Surge protective device.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of panelboard.
	B. Shop Drawings: For each panelboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details.
	2. Detail enclosure types including mounting and anchorage, environmental protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and locks.
	3. Detail bus configuration, current, and voltage ratings.
	4. Short-circuit current rating of panelboards and overcurrent protective devices.
	5. Include evidence of NRTL listing for series rating of installed devices.
	6. Include evidence of NRTL listing for SPD as installed in panelboard.
	7. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	8. Include wiring diagrams for power, signal, and control wiring.
	9. Key interlock scheme drawing and sequence of operations.
	10. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.


	1.4 INFORMATIONAL SUBMITTALS
	A. Panelboard schedules for installation in panelboards.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in materials or workmanship within specified warranty period.
	1. Panelboard Warranty Period: 18 months from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PANELBOARDS COMMON 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. Comply with NEMA PB 1.
	C. Comply with NFPA 70.
	D. Enclosures: Flush and/or Surface-mounted, as indicated on Drawings, dead-front cabinets.
	1. Rated for environmental conditions at installed location.
	a. Indoor Dry and Clean Locations: NEMA 250, Type 1.
	b. Outdoor Locations: NEMA 250, Type 3R.
	c. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA 250, Type 12.

	2. Height: 84 inches (2.13 m) maximum.
	3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover. Trims shall cover all live parts and shall have no exposed hardware.

	E. Phase, Neutral, and Ground Buses: Tin-plated aluminum
	F. Conductor Connectors: Suitable for use with conductor material and sizes.
	1. Material: Tin-plated aluminum
	2. Main and Neutral Lugs: Compression type, with a lug on the neutral bar for each pole in the panelboard.
	3. Ground Lugs and Bus-Configured Terminators: Compression type, with a lug on the bar for each pole in the panelboard.
	4. Feed-Through Lugs: Compression type, suitable for use with conductor material. Locate at opposite end of bus from incoming lugs or main device.
	5. Subfeed (Double) Lugs: Compression type suitable for use with conductor material. Locate at same end of bus as incoming lugs or main device.

	G. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having jurisdiction for use as service equipment with one or more main service disconnecting and overcurrent protective devices.
	H. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	I. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity.

	2.2 PERFORMANCE REQUIREMENTS
	A. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying with UL 1449 SPD Type 1 or Type 2.

	2.3 POWER PANELBOARDS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Square D, a division of Schneider Electric
	2. G.E., a division of ABB
	3. Siemens Energy & Automation, Inc.
	4. Eaton Corporation, Cutler-Hammer Products

	B. Panelboards: NEMA PB 1, distribution type.
	C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.
	1. For doors more than 36 inches (914 mm) high, provide two latches, keyed alike.

	D. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: Bolt-on circuit breakers.
	E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: Bolt-on circuit breakers.

	2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Square D, a division of Schneider Electric
	2. G.E., a division of ABB
	3. Siemens Energy & Automation, Inc.
	4. Eaton Corporation, Cutler-Hammer Products

	B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.
	C. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	D. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

	2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Square D, a division of Schneider Electric
	2. G.E., a division of ABB
	3. Siemens Energy & Automation, Inc.
	4. Eaton Corporation, Cutler-Hammer Products

	B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:
	a. Inverse time-current element for low-level overloads.
	b. Instantaneous magnetic trip element for short circuits.
	c. Adjustable magnetic trip setting for circuit-breaker frame sizes 200 A and larger.

	2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic Trip Circuit Breakers:
	a. RMS sensing.
	b. Field-replaceable rating plug or electronic trip.
	c. Digital display of settings, trip targets, and indicated metering displays.
	d. Multi-button keypad to access programmable functions and monitored data.
	e. Ten-event, trip-history log. Each trip event shall be recorded with type, phase, and magnitude of fault that caused the trip.
	f. Integral test jack for connection to portable test set or laptop computer.
	g. Field-Adjustable Settings:
	1) Instantaneous trip.
	2) Long- and short-time pickup levels.
	3) Long and short time adjustments.
	4) Ground-fault pickup level, time delay, and I squared T response.


	4. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller; let-through ratings less than NEMA FU 1, RK-5.
	5. Subfeed Circuit Breakers: Vertically mounted.
	6. MCCB Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Breaker handle indicates tripped status.
	c. UL listed for reverse connection without restrictive line or load ratings.
	d. Lugs: Compression style, suitable for number, size, trip ratings, and conductor materials.
	e. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and HID lighting circuits.



	2.6 IDENTIFICATION
	A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, and number of poles shall be located on the interior of the panelboard door.
	B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating.
	C. Circuit Directory: Directory card inside panelboard door, mounted in transparent card holder.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1.
	B. Mount panels at height above finished floor so that no operating handle of switch or circuit breaker in the on position is higher than 79 inches (2000 mm).
	C. Mount panelboard cabinet plumb and rigid without distortion of box.
	D. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	E. Install overcurrent protective devices and controllers not already factory installed.
	1. Set field-adjustable, circuit-breaker trip ranges.

	F. Make grounding connections and bond neutral for services and separately derived systems to ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, and connections to separate ground bars.
	G. Install filler plates in unused spaces.
	H. Stub four 1-inch (27-EMT) empty conduits from panelboard into accessible ceiling space if so constructed or space designated to be ceiling space in the future. Stub four 1-inch (27-EMT) empty conduits into raised floor space or below slab not on gr...
	I. Arrange conductors in gutters into groups and bundle and wrap with wire ties.

	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying with requirements in "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations. Obtain approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard door.
	C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in "Identification for Electrical Systems."
	D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate complying with requirements for identification specified in "Identification for Electrical Systems."
	E. Install warning signs complying with requirements in "Identification for Electrical Systems" identifying source of remote circuit.

	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.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test for low-voltage air circuit breakers stated in NETA ATS. 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.

	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, with comparisons of the two scans. Include notation of deficiencies detected, remedial action taken, and obs...



	262726 - Wiring Devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Standard-grade receptacles, 125 V, 20 A.
	2. USB receptacles.
	3. GFCI receptacles, 125 V, 20 A.
	4. SPD receptacles, 125 V, 20 A.
	5. Twist-locking receptacles.
	6. Toggle switches.
	7. Wall plates.
	8. Floor service fittings.


	1.3 DEFINITIONS
	A. BAS: Building automation system.
	B. EMI: Electromagnetic interference.
	C. GFCI: Ground-fault circuit interrupter.
	D. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	E. RFI: Radio-frequency interference.
	F. SPD: Surge protective device.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	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.

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Poke-Through, Fire-Rated Closure Plugs: One for every five floor service outlets installed, but no fewer than two.
	2. SPD Receptacles: One for every 10 of each type installed, but no fewer than one of each type.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with requirements, provide products by one of the following:
	B. Wiring Devices:
	1. Bryant Electric, Inc., Hubbell Subsidiary.
	2. Eagle Electric Manufacturing Co.
	3. Hubbell Incorporated; Wiring Device-Kellems.
	4. Leviton Mfg Company
	5. Pass & Seymour/Legrand; Wiring Devices Div.


	2.2 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	B. Comply with NFPA 70.
	C. RoHS compliant.
	D. Comply with NEMA WD 1.
	E. Device Color:
	1. Wiring Devices Connected to Normal Power System: As selected by Architect unless otherwise indicated or required by NFPA 70 or device listing.
	2. SPD Devices: Blue.

	F. Wall Plate Color: For plastic covers, match device color.
	G. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.3 STANDARD-GRADE RECEPTACLES, 125 V, 20 A
	A. Duplex Receptacles, 125 V, 20 A:
	1. Description: Two pole, three wire, and self-grounding.
	2. Configuration: NEMA WD 6, Configuration 5-20R.
	3. Standards: Comply with UL 498 and FS W-C-596.

	B. Weather-Resistant Duplex Receptacle, 125 V, 20 A:
	1. Description: Two pole, three wire, and self-grounding. Integral shutters that operate only when a plug is inserted in the receptacle. Square face.
	2. Configuration: NEMA WD 6, Configuration 5-20R.
	3. Standards: Comply with UL 498.
	4. Marking: Listed and labeled as complying with NFPA 70, "Receptacles in Damp or Wet Locations" Article.


	2.4 USB RECEPTACLES
	A. USB Charging Receptacles:
	1. Description: Single piece, rivetless, nickel-plated, all-brass grounding system. Nickel-plated, brass mounting strap.
	2. USB Receptacles: Dual, USB Type A and Type-C, 5 V dc, and 2.4 A per receptacle (minimum).
	3. Standards: Comply with UL 1310 and USB 3.0 devices.


	2.5 GFCI RECEPTACLES, 125 V, 20 A
	A. Duplex GFCI Receptacles, 125 V, 20 A:
	1. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two pole, three wire, and self-grounding.
	2. Configuration: NEMA WD 6, Configuration 5-20R.
	3. Type: Non-feed through.
	4. Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596.

	B. Weather-Resistant, GFCI Duplex Receptacles, 125 V, 20 A:
	1. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two pole, three wire, and self-grounding.
	2. Configuration: NEMA WD 6, Configuration 5-20R.
	3. Type: Non-feed through.
	4. Standards: Comply with UL 498 and UL 943 Class A.
	5. Marking: Listed and labeled as complying with NFPA 70, "Receptacles in Damp or Wet Locations" article.


	2.6 SPD RECEPTACLES, 125 V, 20 A
	A. Duplex SPD Receptacles, 125 V, 20 A:
	1. Description: Two pole, three wire, and self-grounding. Integral SPD in line to ground, line to neutral, and neutral to ground. LED indicator light.
	2. SPD Components: Multiple metal-oxide varistors; with a nominal clamp-level rating of 400 V and minimum single transient pulse energy dissipation of 240 J, according to IEEE C62.41.2 and IEEE C62.45.
	3. Active SPD Indication: Visual and audible, with light visible in face of device to indicate device is "active" or "no longer in service."
	4. Configuration: NEMA WD 6, Configuration 5-20R.
	5. Standards: Comply with NEMA WD 1, UL 498, UL 1449, and FS W-C-596.


	2.7 TWIST-LOCKING RECEPTACLES
	A. Twist-Lock, Single Receptacles, 250 V, 20 A,30A, 50A, and 60A (as indicated on drawings):
	1. Configuration: As indicated on drawings or to match equipment plug.
	2. Standards: Comply with UL 498.


	2.8 TOGGLE SWITCHES, 120/277 V, 20 A
	A. Two-Pole Switches, 120/277 V, 20 A: Comply with UL 20 and FS W-S-896.
	B. Three-Way Switches, 120/277 V, 20 A: Comply with UL 20 and FS W-S-896.
	C. Four-Way Switches, 120/277 V, 20 A:  Standards: Comply with UL 20 and FS W-S-896.

	2.9 WALL PLATES
	A. Single Source: Obtain wall plates from same manufacturer of wiring devices.
	B. Single and combination types shall match corresponding wiring devices.
	1. Plate-Securing Screws: Metal with head color to match plate finish.
	2. Material for Finished Spaces: 0.035-inch- (1-mm-) thick, satin-finished, Type 302 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 and damp locations.

	C. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-resistant, thermoplastic with lockable while in-use cover.

	2.10 FLOOR SERVICE FITTINGS
	A. Above-Floor Service Fittings:
	1. Description: Type: Modular, above-floor, dual-service units suitable for wiring method used.
	2. Service Plate: Rectangular satin finish.
	3. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise indicated.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	1. Protect installed devices and their boxes. 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 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 right 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 comply with 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.


	D. Device Installation:
	1. Replace devices that have been in temporary use during construction and that 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 (152 mm) in length.
	5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by 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 down, 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.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through GFCI receptacles where protection of downstream receptacles is not required.

	3.3 IDENTIFICATION
	A. Comply with Section 260553 "Identification for Electrical Systems."
	B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Test Instruments: Use instruments that comply with UL 1436.
	2. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	B. Tests for 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 unacceptable.
	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.

	C. Test straight-blade for the retention force of the grounding blade according to NFPA 99. Retention force shall be not less than 4 oz. (115 g).
	D. Wiring device will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.



	263600 - Transfer Switches
	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 nonautomatic transfer switches rated 600 V and less.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for transfer switches.
	2. Include rated capacities, operating characteristics, electrical characteristics, and accessories.

	B. Shop Drawings:
	1. Include plans, elevations, sections, details showing minimum clearances, conductor entry provisions, gutter space, and installed features and devices.
	2. Include material lists for each switch specified.
	3. Single-Line Diagram: Show connections between transfer switch, power sources, and load; and show interlocking provisions for each combined transfer switch.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For manufacturer-authorized service representative.
	B. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For each type of product to include in emergency, operation, and maintenance manuals.
	1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	a. Features and operating sequences, both automatic and manual.
	b. List of all factory settings of relays; provide relay-setting and calibration instructions, including software, where applicable.



	1.6 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electrical service:
	1. Notify Construction Manager no fewer than 14 days in advance of proposed interruption of electrical service.
	2. Do not proceed with interruption of electrical service without Owner's written permission.


	1.7 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of transfer switch or transfer switch components that fail in materials or workmanship within specified warranty period.
	1. Warranty Period: Two years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Caterpillar
	B. Cummins Inc.
	C. AKSA Power Generation
	D. Kohler Co.
	E. Taylor Power Systems Inc.
	F. Generac Power Systems

	2.2 PERFORMANCE 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. Comply with NEMA ICS 1.
	C. Comply with NFPA 110.
	D. Comply with UL 1008 unless requirements of these Specifications are stricter.
	E. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system transfer, not exceeding 30 percent of switch ampere rating, unless otherwise indicated.
	F. Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by protective devices at installation locations in Project under the fault conditions indicated, based on testing according to UL 1008.
	1. Short-time withstand capability for 30 cycles.

	G. Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or better over an operating temperature range of minus 20 to plus 70 deg C.
	H. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge withstand capability requirements when tested according to IEEE C62.62. Components shall meet or exceed voltage-impulse withstand test of NEMA ICS 1.
	I. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-motor-operated mechanism. Switches for emergency or standby purposes shall be mechanically and electrically interlocked in both directions to prevent simulta...
	J. Service-Rated Transfer Switch:
	1. Comply with UL 869A and UL 489.
	2. Provide terminals for bonding the grounding electrode conductor to the grounded service conductor.
	3. In systems with a neutral, the bonding connection shall be on the neutral bus.
	4. Provide removable link for temporary separation of the service and load grounded conductors.
	5. Surge Protective Device: Service rated.
	6. Service Disconnecting Means: Externally operated, manual electrically actuated.

	K. Neutral Terminal: Solid and fully rated unless otherwise indicated.
	L. Heater: Equip switches exposed to outdoor temperatures and humidity, and other units indicated, with an internal heater. Provide thermostat within enclosure to control heater.
	M. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by color-code or by numbered or lettered wire and cable markers at terminations. Color-coding and wire and cable markers are specified in Section 260553 "Iden...
	1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring indicated.
	2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom entrance of feeder conductors as indicated.
	3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.
	4. Accessible via front access.

	N. Enclosures: General-purpose NEMA 250, Type 3R, complying with NEMA ICS 6 and UL 508, unless otherwise indicated.

	2.3 NONAUTOMATIC TRANSFER SWITCHES
	A. Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and "Alternative Source." Switch shall be capable of transferring load in either direction with either or both sources energized.
	B. Double-Throw Switching Arrangement: Incapable of pauses or intermediate position stops during switching sequence.
	C. Pilot Lights: Indicate source to which load is connected.
	D. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and alternative-source sensing circuits.
	1. Normal Power Supervision: Green light with nameplate engraved "Normal Source Available."
	2. Emergency Power Supervision: Red light with nameplate engraved "Alternative Source Available."

	E. Unassigned Auxiliary Contacts: Switch shall have one set of normally closed contacts for each switch position, rated 10 A at 240-V ac.
	F. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current between active power sources.
	1. Switch Action: Double throw; mechanically held in both directions.
	2. Contacts: Silver composition or silver alloy for load-current switching.
	3. Conductor Connectors: Suitable for use with conductor material and sizes.
	4. Material: Tin-plated aluminum.
	5. Main and Neutral Lugs: Mechanical type.
	6. Ground Lugs and Bus-Configured Terminators: Mechanical type.
	7. Connectors shall be marked for conductor size and type according to UL 1008.


	2.4 TRANSFER SWITCH ACESSORIES
	2.5 SOURCE QUALITY CONTROL
	A. Prepare test and inspection reports.
	1. For each of the tests required by UL 1008, performed on representative devices, for emergency systems. Include results of test for the following conditions:
	a. Overvoltage.
	b. Undervoltage.
	c. Loss of supply voltage.
	d. Temperature rise.
	e. Dielectric voltage-withstand; before and after short-circuit test.
	f. Overload.
	g. Contact opening.
	h. Endurance.
	i. Short circuit.
	j. Short-time current capability.
	k. Receptacle withstand capability.
	l. Insulating base and supports damage.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Wall-Mounting Switch: Anchor to wall by bolting.
	B. Identify components according to Section 260553 "Identification for Electrical Systems."
	C. Set field-adjustable intervals and delays, relays, and engine exerciser clock.
	D. Comply with NECA 1.

	3.2 CONNECTIONS
	A. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without exceeding manufacturer's limitations on bending radii.
	B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	C. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	D. Route and brace conductors according to manufacturer's written instructions and Section 260529 "Hangers and Supports for Electrical Systems." Do not obscure manufacturer's markings and labels.
	E. Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more than 18 inches (457 mm) in length.

	3.3 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. After installing equipment, test for compliance with requirements according to NETA ATS.
	2. Visual and Mechanical Inspection:
	a. Compare equipment nameplate data with Drawings and Specifications.
	b. Inspect physical and mechanical condition.
	c. Inspect anchorage, alignment, grounding, and required clearances.
	d. Verify that the unit is clean.
	e. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding surfaces.
	f. Verify that manual transfer warnings are attached and visible.
	g. Verify tightness of all control connections.
	h. Inspect bolted electrical connections for high resistance using one of the following methods, or both:
	1) Use of low-resistance ohmmeter.
	2) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method according to manufacturer's published data.

	i. Perform manual transfer operation.
	j. Verify positive mechanical interlocking between normal and alternate sources.
	k. Perform visual and mechanical inspection of surge arresters.
	l. Inspect control power transformers.
	1) Inspect for physical damage, cracked insulation, broken leads, tightness of connections, defective wiring, and overall general condition.
	2) Verify that primary and secondary fuse or circuit-breaker ratings match Drawings.
	3) Verify correct functioning of drawout disconnecting contacts, grounding contacts, and interlocks.


	3. Electrical Tests:
	a. Perform insulation-resistance tests on all control wiring with respect to ground.
	b. Perform a contact/pole-resistance test. Compare measured values with manufacturer's acceptable values.
	c. Verify settings and operation of control devices.
	d. Calibrate and set all relays and timers.
	e. Verify phase rotation, phasing, and synchronized operation.
	f. Perform automatic transfer tests.
	g. Verify correct operation and timing of the following functions:
	1) Alternative source voltage-sensing and frequency-sensing relays.
	2) Automatic transfer operation.
	3) Interlocks and limit switch function.
	4) Time delay and retransfer on normal power restoration.


	4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-resistance tester. Include external annunciation and control circuits. Use test voltages and procedure recommended by manufacturer. Comply with manufacturer's specifie...
	a. Check for electrical continuity of circuits and for short circuits.
	b. Inspect for physical damage, proper installation and connection, and integrity of barriers, covers, and safety features.
	c. Verify that manual transfer warnings are properly placed.
	d. Perform manual transfer operation.

	5. After energizing circuits, perform each electrical test for transfer switches stated in NETA ATS and demonstrate interlocking sequence and operational function for each switch at least three times.

	D. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation and contact resistances and time delays. Attach a label or tag to each tested component indicating satisfactory completion of tests.
	E. Transfer switches will be considered defective if they do not pass tests and inspections.
	F. Remove and replace malfunctioning units and retest as specified above.
	G. Prepare test and inspection reports.

	3.4 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain transfer switches and related equipment.
	B. Training shall include testing ground-fault protective devices and instructions to determine when the ground-fault system shall be retested. Include instructions on where ground-fault sensors are located and how to avoid negating the ground-fault p...



	264313 - Surge Protection for Low-Voltage Electrical Power Circuits
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes:
	1. Type 1 surge protective devices.
	2. Type 2 surge protective devices.
	3. Enclosures.

	B. Related Requirements:
	1. Section 262416 "Panelboards" for integral SPDs installed by panelboard manufacturer.
	2. Section 262726 "Wiring Devices" for integral SPDs installed by receptacle manufacturer.


	1.2 DEFINITIONS
	A. Inominal: Nominal discharge current.
	B. MCOV: Maximum continuous operating voltage.
	C. Mode(s), also Modes of Protection: air of electrical connections where the VPR applies.
	D. MOV: Metal-oxide varistor; an electronic component with a significant non-ohmic current-voltage characteristic.
	E. NRTL: Nationally recognized testing laboratory.
	F. OCPD: Overcurrent protective device.
	G. SCCR: Short-circuit current rating.
	H. SPD: Surge protective device.
	I. Type 1 SPDs: Permanently connected SPDs intended for installation between the secondary of the service transformer and the line side of the service disconnect overcurrent device.
	J. Type 2 SPDs: Permanently connected SPDs intended for installation on the load side of the service disconnect overcurrent device, including SPDs located at the branch panel.
	K. Type 3 SPDs: Point of utilization SPDs.
	L. VPR: Voltage protection rating.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include electrical characteristics, specialties, and accessories for SPDs.
	2. NRTL certification of compliance with UL 1449.
	a. Tested values for VPRs.
	b. Inominal ratings.
	c. MCOV, type designations.
	d. OCPD requirements.
	e. Manufacturer's model number.
	f. System voltage.
	g. Modes of protection.



	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.
	B. Sample Warranty: For manufacturer's special warranty.

	1.5 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For SPDs to include in maintenance manuals.

	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace SPDs that fail in materials or workmanship within five years from date of Substantial Completion.


	PART 2 -  PRODUCTS
	2.1 TYPE 1 SURGE PROTECTIVE DEVICES (SPDs)
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. APT, a division of Schneider Electric
	2. SSI, an ILSCO Company
	3. Siemens Energy & Automation, Inc.
	4. Eaton Corporation, Cutler-Hammer Products
	5. G.E., a division of ABB

	B. Source Limitations: Obtain devices from single source from single manufacturer.
	C. Standards:
	1. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1449, Type 1.

	D. Product Options:
	1. Include integral disconnect switch.
	2. Include internal thermal protection that disconnects the SPD before damaging internal suppressor components.
	3. Include indicator light display for protection status.
	4. Include audible alarm.
	5. Include NEMA ICS 5, dry Form C contacts rated at 2 A and 24 V ac for remote monitoring of protection status.
	6. Include surge counter.

	E. Performance Criteria:
	1. MCOV: Not less than 125 percent of nominal system voltage for 208Y/120 V and 120/240 V power systems, and not less than 115 percent of nominal system voltage for 480Y/277 V power systems.
	2. Peak Surge Current Rating: Minimum single-pulse surge current withstand rating per phase must not be less than 200 kA. Peak surge current rating must be arithmetic sum of the ratings of individual MOVs in a given mode.
	3. Protection modes and UL 1449 VPR for grounded wye circuits with 208Y/120 V, three-phase, four-wire circuits must not exceed the following:
	a. Line to Neutral: 700 V for 208Y/120 V.
	b. Line to Line: 1200 V for 208Y/120 V.

	4. SCCR: Not less than 200 kA.
	5. Inominal Rating: 20 kA.


	2.2 TYPE 2 SURGE PROTECTIVE DEVICES (SPDs)
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. APT, a division of Schneider Electric
	2. SSI, an ILSCO Company
	3. Siemens Energy & Automation, Inc.
	4. Eaton Corporation, Cutler-Hammer Products
	5. G.E., a division of ABB

	B. Source Limitations: Obtain devices from single source from single manufacturer.
	C. Standards:
	1. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1449, Type 2.
	2. Comply with UL 1283.

	D. Product Options:
	1. Include LED indicator lights for power and protection status.
	2. Include internal thermal protection that disconnects the SPD before damaging internal suppressor components.
	3. Include NEMA ICS 5, dry Form C contacts rated at 2 A and 24 V ac for remote monitoring of protection status.
	4. Include surge counter.

	E. Performance Criteria:
	1. MCOV: Not less than 125 percent of nominal system voltage for 208Y/120 V and 120/240 V power systems, and not less than 115 percent of nominal system voltage for 480Y/277 V power systems.
	2. Peak Surge Current Rating: Minimum single-pulse surge current withstand rating per phase must not be less than 100 kA. Peak surge current rating must be arithmetic sum of the ratings of individual MOVs in a given mode.
	3. Protection modes and UL 1449 VPR for grounded wye circuits with 208Y/120 V, three-phase, four-wire circuits must not exceed the following:
	a. Line to Neutral: 700 V for 208Y/120 V.
	b. Line to Ground: 700 V for 208Y/120 V.
	c. Neutral to Ground: 700 V for 208Y/120 V.
	d. Line to Line: 1200 V for 208Y/120 V.

	4. SCCR: Equal or exceed 100 kA.
	5. Inominal Rating: 20 kA.


	2.3 ENCLOSURES
	A. Indoor Enclosures: NEMA 250, Type 1.
	B. Outdoor Enclosures: NEMA 250, Type 4X.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1.
	B. Provide OCPD and disconnect for installation of SPD in accordance with UL 1449 and manufacturer's written instructions.
	C. Install leads between disconnects and SPDs short, straight, twisted, and in accordance with manufacturer's written instructions. Comply with wiring methods in Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	1. Do not splice and extend SPD leads unless specifically permitted by manufacturer.
	2. Do not exceed manufacturer's recommended lead length.
	3. Do not bond neutral and ground.

	D. Use crimped connectors and splices only. Wire nuts are unacceptable.

	3.2 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Compare equipment nameplate data for compliance with Drawings and the Specifications.
	2. Inspect anchorage, alignment, grounding, and clearances.
	3. Verify that electrical wiring installation complies with manufacturer's written installation requirements.

	B. SPDs that do not pass tests and inspections will be considered defective.
	C. Prepare test and inspection reports.

	3.3 STARTUP SERVICE
	A. Complete startup checks in accordance with manufacturer's written instructions.
	B. Do not perform insulation-resistance tests of the distribution wiring equipment with SPDs installed. Disconnect SPDs before conducting insulation-resistance tests; reconnect them immediately after the testing is over.
	C. Energize SPDs after power system has been energized, stabilized, and tested.

	3.4 DEMONSTRATION
	A. Train Owner's maintenance personnel to operate and maintain SPDs.



	265119 - LED Interior Lighting
	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 interior only LED luminaires:
	B. Related Requirements:
	1. Section 260943 "Distributed Intelligence Based Lighting Controls" for automatic control of lighting.


	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.
	1. Arrange in order of luminaire designation.
	2. Include data on features, accessories, and finishes.
	3. Include physical description and dimensions of luminaires.
	4. Include emergency lighting units, including batteries and chargers.
	5. Include life, output (lumens, CCT, and CRI), and energy-efficiency data.
	a. Manufacturer's Certified Data: Photometric data certified by manufacturer's laboratory with a current accreditation under the NVLAP for Energy Efficient Lighting Products.

	6. Wiring diagrams for power, control, and signal wiring.
	7. Means of attaching luminaires to supports and indication that the attachment is suitable for components involved.

	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. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation and maintenance manuals.
	1. Provide a list of all types used on Project; use ANSI and manufacturers' codes.


	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Diffusers and Lenses: One for every 100 of each type and rating installed. Furnish at least one of each type.
	2. Globes and Guards: One for every 50 of each type and rating installed. Furnish at least one of each type.


	1.8 QUALITY ASSURANCE
	A. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

	1.10 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: Two year(s) from date of Substantial Completion.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Ambient Temperature: 41 to 104 deg F (5 to 40 deg C).
	B. Altitude: Sea level to 1000 feet (300 m).

	2.2 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. Factory-Applied Labels: Comply with UL 1598. Locate labels where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.
	1. Label shall include the following lamp module characteristics:
	a. Manufacturer
	b. Model number
	c. CCT and CRI.


	C. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by an NRTL.
	D. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by FM Global.
	E. Luminaire CRI requirements: Greater than 80 CRI unless noted otherwise on Drawings.
	F. Luminaire CCT requirements: 4000K unless noted otherwise on Drawings.
	G. Luminaire Lumen outputs: As indicated on Drawings or comparable with luminaire model specified on Drawings.
	H. Luminaire Rated Lamp Life: As comparable with luminaire model specified on Drawings.
	I. Nominal Operating Voltage: 120 V ac through 277 V ac, or as indicated on Drawings.
	1. Dimmable from 100 percent to 10 percent of maximum light output.
	2. Internal driver.

	J. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Components are designed to prevent doors, frames, lenses, diffusers, and other comp...
	K. Lens Thickness (if applicable): At least 0.125-inch (3.175-mm) minimum unless otherwise indicated.
	L. Standards:
	1. ENERGY STAR certified.
	2. RoHS compliant.
	3. Recessed luminaires shall comply with NEMA LE 4.
	4. UL Listing: Listed for damp or wet location as indicated on drawings and in part numbers specified on the drawings.
	5. Industrial luminaires Class 1, Division 2 Group.
	6. Ratings below as indicated on drawings and in part numbers specified on the drawings:
	a. NEMA 4X
	b. IP 54
	c. IP 66
	d. IP 67



	2.3 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. Steel:
	1. ASTM A36/A36M for carbon structural steel.
	2. ASTM A568/A568M for sheet steel.

	C. Stainless Steel:
	1. 1. Manufacturer's standard grade.
	2. 2. Manufacturer's standard type, ASTM A240/240M.

	D. Galvanized Steel: ASTM A653/A653M.
	E. Aluminum: ASTM B209.

	2.4 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.

	2.5 LUMINAIRE SUPPORT
	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.
	B. Single-Stem Hangers: Minimum 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling canopy. Finish same as luminaire.
	C. Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).
	D. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod.
	E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, cord, and locking-type plug.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before luminaire installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Comply with NECA 1.
	B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.
	C. Supports:
	1. Sized and rated for luminaire weight.
	2. Able to maintain luminaire position after cleaning and relamping.
	3. Provide support for luminaire without causing deflection of ceiling or wall.
	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.

	D. Flush-Mounted Luminaires:
	1. Secured to outlet box.
	2. Attached to ceiling structural members at two points equally spaced around circumference of luminaire.
	3. Trim ring flush with finished surface.

	E. Wall-Mounted Luminaires:
	1. Attached to structural members in walls.
	2. Do not attach luminaires directly to gypsum board.

	F. Suspended Luminaires:
	1. Pendants, Aircraft Cable and Rods: Where longer than 48 inches (1200 mm), 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 ...
	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. Use approved devices and support components to connect luminaire to ceiling grid and building structure in a minimum of two locations, spaced near corners of luminaire and connected directly to structure.

	H. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for wiring connections.

	3.3 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.4 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.
	2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify transfer from normal power to battery power and retransfer to normal.

	B. Luminaire will be considered defective if it does not pass operation tests and inspections.

	3.5 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-nor...
	1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are defective.
	2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.




	265213 - Emergency and Exit Lighting
	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. Exit signs.
	2. Luminaire supports.


	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color Rendering Index.
	C. Fixture: See "Luminaire" Paragraph.
	D. Lumen: Measured output of lamp and luminaire, or both.
	E. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of exit sign, and emergency lighting support.
	1. Include data on features, accessories, and finishes.
	2. Include physical description of the unit and dimensions.
	3. Battery and charger for light units.

	B. Shop Drawings: For nonstandard or custom luminaires.
	1. Include plans, elevations, sections, and mounting and attachment details.
	2. Include details of equipment 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. Product Schedule:
	1. For exit signs.


	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and lighting systems to include in emergency, operation, and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Luminaire-mounted, emergency battery pack: One for every 50 emergency lighting units. Furnish at least one of each type.


	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

	1.8 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: Five year(s) from date of Substantial Completion.

	B. Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in which manufacturer of battery-powered emergency lighting unit agrees to repair or replace components of rechargeable batteries that fail in materials or workmanship ...
	1. Warranty Period for Emergency Power Unit Batteries: Five years from date of Substantial Completion. Full warranty shall apply for the entire warranty period.
	2. Warranty Period for Self-Powered Exit Sign Batteries: Five years from date of Substantial Completion. Full warranty shall apply for the entire warranty period.



	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING
	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: Fabricate and label emergency lighting units, exit signs, and batteries to comply with UL 924.
	C. Comply with NFPA 70 and NFPA 101.
	D. Comply with NEMA LE 4 for recessed luminaires.

	2.2 EMERGENCY LIGHTING
	A. Emergency Luminaires:
	1. Emergency Luminaires: Interior Luminaire Schedule and Drawings.
	a. Operating at nominal voltage of 120 V ac or 277 V ac
	b. Internal emergency power unit.
	c. Rated for installation in damp locations, and for sealed and gasketed luminaires in wet locations.
	d. UL 94 flame rating.



	2.3 EXIT SIGNS
	A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, luminance, and lettering size, comply with authorities having jurisdiction.
	B. Internally Lighted Signs:
	1. Operating at nominal voltage of 120 V ac or 277 V ac
	2. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life.
	3. Self-Powered Exit Signs (Battery Type): Internal emergency power unit.


	2.4 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:
	1. Smooth operating, free of light leakage under operating conditions.
	2. Designed to permit relamping without use of tools.
	3. Designed to prevent doors, frames, lenses, diffusers, and other components from falling accidentally during relamping and when secured in operating position.

	C. Conduit: Electrical metallic tubing, minimum 3/4 inch (21 mm) in diameter.

	2.5 METAL FINISHES
	A. Appearance of Finished Work: Noticeable variations in same piece are not acceptable. 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.

	2.6 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.
	B. Support Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for conditions affecting performance of luminaires.
	B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before luminaire installation.
	C. Examine walls, floors, roofs, and ceilings for suitable conditions where emergency lighting luminaires will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Comply with NECA 1.
	B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

	3.3 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify transfer from normal power to battery power and retransfer to normal.

	B. Luminaire will be considered defective if it does not pass operation tests and inspections.

	3.5 STARTUP SERVICE
	A. Perform startup service:
	1. Charge emergency power units and batteries minimum of one hour and depress switch to conduct short-duration test.


	3.6 ADJUSTING
	A. Adjustments: Within 12 months of date of Substantial Completion, provide on-site visit to do the following:
	1. Inspect all luminaires. Replace lamps, emergency power units, batteries, signs, or luminaires that are defective.
	a. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

	2. Conduct short-duration tests on all emergency lighting.




	265619 - LED Exterior Lighting
	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. 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 260943 "Distributed Intelligence Based Lighting Controls" for automatic control of lighting.
	2. Section 265613 "Lighting Poles and Standards" for poles and standards used to support exterior lighting equipment.


	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color rendering index.
	C. Fixture: See "Luminaire."
	D. LED: Light-emitting diode.
	E. IP: International Protection or Ingress Protection Rating.
	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 luminaire.
	1. Arrange in order of luminaire designation.
	2. Include data on features, accessories, and finishes.
	3. Include physical description and dimensions of luminaire.
	4. Include life, output (lumens, CCT, and CRI), and energy-efficiency data.
	a. Manufacturer's Certified Data: Photometric data certified by manufacturer's laboratory with a current accreditation under the NVLAP for Energy Efficient Lighting Products.

	5. Wiring diagrams for power, control, and signal wiring.
	6. Means of attaching luminaires to supports and indication that the attachment is suitable for components involved.

	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. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires to include operation and maintenance manuals.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Diffusers and Lenses: One for every 50 of each type and rating installed.
	2. Globes and Guards: One for every 50 of each type and rating installed.


	1.8 QUALITY ASSURANCE
	A. Provide luminaires from a single manufacturer for each luminaire type.
	B. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior to shipping.

	1.10 FIELD CONDITIONS
	A. Verify existing and proposed utility structures prior to the start of work associated with luminaire installation.
	B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation.

	1.11 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. Failures include, but are not limited to, the following:
	a. Structural failures, including luminaire support components.
	b. Faulty operation of luminaires and accessories.
	c. Deterioration of metals, metal finishes, and other materials beyond normal weathering.

	2. Warranty Period: (2) Two years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Ambient Temperature: 41 to 104 deg F (5 to 40 deg C).
	B. Altitude: Sea level to 1000 feet (300 m).

	2.2 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. UL Compliance: Comply with UL 1598 and U.L. Listed for wet location if indicated.
	D. Luminaire CRI: Minimum of 70 CRI unless noted otherwise or is specific to wildlife lighting requirements.
	E. Luminaire CCT: 4000K unless noted otherwise on Drawings or is specific to wildlife lighting requirements.
	F. Luminaire Rated Lamp Life: As comparable with luminaire model specified on Drawings.
	G. Internal driver.
	H. Nominal Operating Voltage: 120 V ac or 208 V ac as indicated on schedules.
	I. Standards:
	1. ENERGY STAR certified.
	2. RoHS compliant.
	3. Recessed luminaires shall comply with NEMA LE 4.
	4. UL Listing: Listed for damp or wet location as indicated on drawings and in part numbers specified on the drawings.
	5. Industrial luminaires Class 1, Division 2 Group.
	6. Ratings below as indicated on drawings and in part numbers specified on the drawings:
	a. NEMA 4X
	b. IP 54
	c. IP 66
	d. IP 67



	2.3 MATERIALS
	A. Metal Parts: Free of burrs and sharp corners and edges.
	B. Sheet Metal Components: Corrosion-resistant aluminum or Stainless steel. 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...
	D. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and refractors in luminaire doors.
	E. 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.

	F. Factory-Applied Labels: Comply with UL 1598. Labels shall be located where they will be readily visible to service personnel, but not seen from normal viewing angles where located in place.
	1. Label shall include the following characteristics:
	a. CCT and CRI for all luminaires.



	2.4 FINISHES
	A. Variations in Finishes: Noticeable variations in same piece are unacceptable.
	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), comp...
	a. Color: As selected from manufacturer's standard catalog of colors.


	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...
	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: As selected from manufacturer's standard catalog of colors.



	2.5 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.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit connections before luminaire installation.
	C. Examine walls, roofs, canopy ceilings and overhang ceilings for suitable conditions where luminaires will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Comply with NECA 1.
	B. Fasten luminaire to structural support.
	C. 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.

	D. Wall-Mounted Luminaire Support:
	1. Attached to structural members in walls.
	2. Do not attach luminaires directly to gypsum board.

	E. Wiring Method: Install cables in raceways. Conceal raceways and cables.
	F. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. Install luminaires at heights as indicated on Drawings.
	G. Coordinate layout and installation of luminaires with other construction.
	H. Adjust luminaires that require field adjustment or aiming.
	I. 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.

	3.3 BOLLARD LUMINAIRE INSTALLATION:
	A. Align units for optimum directional alignment of light distribution.
	1. Install on concrete base with top 6 inches above finished grade or surface at luminaire location. Cast conduit into base, and shape base to match shape of bollard base. Finish by troweling and rubbing smooth. Concrete materials, installation, and f...


	3.4 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES
	A. Install on concrete base with top 6 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...

	3.5 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.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.7 FIELD QUALITY CONTROL
	A. Inspect each installed luminaire for damage. Replace damaged luminaires and components.
	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 tests and inspections.

	3.8 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-nor...
	1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are defective.
	2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.
	3. Adjust the aim of luminaires in the presence of the Architect.




	270526 - Grounding and Bonding for Communications Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Grounding conductors.
	2. Grounding connectors.
	3. Grounding busbars.
	4. Grounding rods.
	5. Grounding labeling.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.3 INFORMATIONAL SUBMITTALS
	A. As-Built Data: Plans showing as-built locations of grounding and bonding infrastructure, including the following:
	1. Ground rods.
	2. Ground and roof rings.
	3. BCT, TMGB, TGBs, and routing of their bonding conductors.

	B. Field quality-control reports.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	1. Installation Supervision: Installation shall be under the direct supervision of ITS Level 2 Installer, who shall be present at all times when Work of this Section is performed at Project site.
	2. Field Inspector: Currently registered by BICSI as a designer RCDD to perform the on-site inspection.



	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	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 UL 467 for grounding and bonding materials and equipment.
	C. Comply with TIA-607-B.

	2.2 CONDUCTORS
	A. Comply with UL 486A-486B.
	B. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, insulated for 600 V, and complying with UL 83.
	1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-strand, UL-listed, Type THHN wire.
	2. Cable Tray Equipment Grounding Wire: No. 8 AWG.

	C. Bare Copper Conductors:
	1. Solid Conductors: ASTM B3.
	2. Stranded Conductors: ASTM B8.
	3. Tinned Conductors: ASTM B33.
	4. Bonding Cable: 28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 inch (6.3 mm) in diameter.
	5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.
	6. Bonding Jumper: Tinned-copper tape, braided conductors terminated with two-hole copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.


	2.3 CONNECTORS
	A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 for specific types, sizes, and combinations of conductors and other items connected. Comply with UL 486A-486B.
	B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor when the connector is compressed around the conductor. Comply with UL 467.
	1. Electroplated tinned copper, C and H shaped.

	C. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection to the busbar.
	D. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.4 GROUNDING BUSBARS
	A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches (6.3 by 100 mm) in cross section, length as indicated on Drawings. The busbar shall be NRTL listed for use as TMGB and shall comply with TIA-607-B.
	1. Predrilling shall be with holes for use with lugs specified in this Section.
	2. Mounting Hardware: Stand-off brackets that provide a 4-inch (100-mm) clearance to access the rear of the busbar. Brackets and bolts shall be stainless steel.
	3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 600-V switchboards, impulse tested at 5000 V.

	B. TGB: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches (6.3 by 50 mm) in cross section, length as indicated on Drawings. The busbar shall be for wall mounting, shall be NRTL listed as complying with UL 467, and shall comply wi...
	1. Predrilling shall be with holes for use with lugs specified in this Section.
	2. Mounting Hardware: Stand-off brackets that provide at least a 2-inch (50-mm) clearance to access the rear of the busbar. Brackets and bolts shall be stainless steel.
	3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 600-V switchboards, impulse tested at 5000 V.

	C. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying with TIA-607-B. Predrilling shall be with holes for use wi...
	1. Cabinet-Mounted Busbar: Terminal block, with stainless-steel or copper-plated hardware for attachment to the cabinet.
	2. Rack-Mounted Horizontal Busbar: Designed for mounting in 19- or 23-inch (483- or 584-mm) equipment racks. Include a copper splice bar for transitioning to an adjoining rack, and stainless-steel or copper-plated hardware for attachment to the rack.
	3. Rack-Mounted Vertical Busbar: 72 or 36 inches (1827 or 914 mm) long, with stainless-steel or copper-plated hardware for attachment to the rack.


	2.5 GROUND RODS
	A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet (19 mm by 3 m) in diameter.

	2.6 IDENTIFICATION
	A. Comply with requirements for identification products in Section 270553 "Identification for Communications Systems."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the ac grounding electrode system and equipment grounding for compliance with requirements for maximum ground-resistance level and other conditions affecting performance of grounding and bonding of the electrical system.
	B. Inspect the test results of the ac grounding system measured at the point of BCT connection.
	C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
	D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Bonding shall include the ac utility power service entrance, the communications cable entrance, and the grounding electrode system. The bonding of these elements shall form a loop so that each element is connected to at least two others.
	B. Comply with NECA 1.
	C. Comply with TIA-607-B.

	3.3 APPLICATION
	A. Conductors: Install solid conductor for No. 8AWG and smaller and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	1. The bonding conductors between the TGB and structural steel of steel-frame buildings shall not be smaller than No. 6 AWG.
	2. The bonding conductors between the TMGB and structural steel of steel-frame buildings shall not be smaller than No. 6 AWG.

	B. Underground Grounding Conductors: Install bare copper conductor, No. 2 AWG minimum.
	C. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Underground Connections: Welded connectors except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells: Bolted connectors.
	4. Connections to Structural Steel: Welded connectors.

	D. Conductor Support:
	1. Secure grounding and bonding conductors at intervals of not less than 36 inches (900 mm).

	E. Grounding and Bonding Conductors:
	1. Install in the straightest and shortest route between the origination and termination point, and no longer than required. The bend radius shall not be smaller than eight times the diameter of the conductor. No one bend may exceed 90 degrees.
	2. Install without splices.
	3. Support at not more than 36-inch (900-mm) intervals.
	4. Install grounding and bonding conductors in 3/4-inch (21-mm) PVC conduit until conduit enters a telecommunications room. The grounding and bonding conductor pathway through a plenum shall be in EMT. Conductors shall not be installed in EMT unless o...
	a. If a grounding and bonding conductor is installed in ferrous metallic conduit, bond the conductor to the conduit using a grounding bushing that complies with requirements in Section 270528 "Pathways for Communications Systems," and bond both ends o...



	3.4 GROUNDING ELECTRODE SYSTEM
	A. The BCT between the TMGB and the ac service equipment ground shall not be smaller than No. 1/0 AWG.

	3.5 GROUNDING BUSBARS
	A. Indicate locations of grounding busbars on Drawings. Install busbars horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 12 inches (300 mm) above finished floor unless otherwise indicated.
	B. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	3.6 CONNECTIONS
	A. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in that room, using equipment grounding conductors not smaller than No. 6 AWG.
	B. Stacking of conductors under a single bolt is not permitted when connecting to busbars.
	C. Assemble the wire connector to the conductor, complying with manufacturer's written instructions and as follows:
	1. Use crimping tool and the die specific to the connector.
	2. Pretwist the conductor.
	3. Apply an antioxidant compound to all bolted and compression connections.

	D. Primary Protector: Bond to the TMGB with insulated bonding conductor.
	E. Interconnections: Interconnect all TGBs with the TMGB with the telecommunications backbone conductor. If more than one TMGB is installed, interconnect TMGBs using the grounding equalizer conductor. The telecommunications backbone conductor and grou...
	F. Telecommunications Enclosures and Equipment Racks: Bond metallic components of enclosures to the telecommunications bonding and grounding system. Install vertically mounted rack grounding busbar unless the enclosure and rack are manufactured with t...
	G. Structural Steel: Where the structural steel of a steel frame building is readily accessible within the room or space, bond each TGB and TMGB to the vertical steel of the building frame.
	H. Electrical Power Panelboards: Where an electrical panelboard for telecommunications equipment is located in the same room or space, bond each TGB to the ground bar of the panelboard.
	I. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding conductor in the power cord of cord- and plug-connected equipment shall be...

	3.7 IDENTIFICATION
	A. Labels shall be preprinted or computer-printed type.
	1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications space identifier for the space containing the TMGB.
	2. Label TGB(s) with "fs-TGB," where "fs" is the telecommunications space identifier for the space containing the TGB.
	3. Label the BCT and each telecommunications backbone conductor at its attachment point: "WARNING! TELECOMMUNICATIONS BONDING CONDUCTOR. DO NOT REMOVE OR DISCONNECT!"


	3.8 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	2. Test the bonding connections of the system using an ac earth ground-resistance tester, taking two-point bonding measurements in each telecommunications equipment room containing a TMGB and a TGB and using the process recommended by BICSI TDMM. Cond...
	a. Measure the resistance between the busbar and the nearest available grounding electrode. The maximum acceptable value of this bonding resistance is 100 milliohms.

	3. Test for ground loop currents using a digital clamp-on ammeter, with a full-scale of not more than 10 A, displaying current in increments of 0.01 A at an accuracy of plus/minus 2.0 percent.
	a. With the grounding infrastructure completed and the communications system electronics operating, measure the current in every conductor connected to the TMGB and in each TGB. Maximum acceptable ac current level is 1 A.


	C. Excessive Ground Resistance: If resistance to ground at the BCT exceeds 5 ohms, notify Architect promptly and include recommendations to reduce ground resistance.
	D. Grounding system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.



	271100 - Communications Equipment Room Fittings
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Backboards.
	2. Boxes, enclosures, and cabinets.
	3. Power strips.

	B. Related Requirements:
	1. Section 270536 "Cable Trays for Communications Systems" for cable trays and accessories.
	2. Section 271323 "Communications Optical Fiber Backbone Cabling" for optical-fiber data cabling associated with system panels and devices.
	3. Section 271513 "Communications Copper Horizontal Cabling" for copper data cabling associated with system panels and devices.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	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. Grounding: Indicate location of grounding bus bar and its mounting detail showing standoff insulators and wall mounting brackets.



	PART 2 -  PRODUCTS
	2.1 BACKBOARDS
	A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).
	B. Backboard Paint: Light-colored fire-retardant paint.

	2.2 BOXES, ENCLOSURES, AND CABINETS
	A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets shall be listed and labeled for intended location and use.
	B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, Type FD, aluminum, with gasketed cover.
	D. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
	E. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	F. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized cast iron with gasketed cover.
	G. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	H. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep.
	I. Hinged-Cover Enclosures: Comply with UL 50 and 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.
	3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.


	2.3 POWER STRIPS
	A. Comply with requirements in Section 271116 "Communications Racks, Frames, and Enclosures."
	B. Power Strips: Comply with UL 1363.
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Rack mounting, with detachable flanges.
	3. Height: 2 RU.
	4. Six 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles.
	5. Rear-facing receptacles.
	6. LED indicator lights for power and protection status.
	7. LED indicator lights for reverse polarity and open outlet ground.
	8. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens and cannot be reset.
	9. Circuit Breaker and Thermal Fusing: Unit continues to supply power if protection is lost.
	10. Cord connected with 15-foot (4.5-m) line cord.
	11. Rocker-type on-off switch, illuminated when in on position.
	12. Surge Protection: UL 1449, Type 3.
	a. Maximum Surge Current, Line to Neutral: 27 kA.
	b. Protection modes shall be line to neutral, line to ground, and neutral to ground.
	c. UL 1449 Voltage Protection Rating for line to neutral and line to ground shall be 600 V and 500 V for neutral to ground.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1.
	B. Comply with BICSI's "Telecommunications Distribution Methods Manual" for layout of communications equipment spaces.
	C. Comply with BICSI's "Information Technology Systems Installation Methods Manual" for installation of equipment in communications equipment spaces.
	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.
	E. Coordinate layout and installation of communications equipment in tracks and in room. Coordinate service entrance configuration with service provider.
	F. Coordinate location of power raceways and receptacles with locations of communications equipment requiring electrical power to operate.
	G. Backboards:
	1. Install from 6 inches (150 mm) to 8 feet, 6 inches (2588 mm) above finished floor. If plywood is fire rated, ensure that fire-rating stamp is visible after installation.
	2. Paint all sides of backboard with two coats of paint, leaving fire rating stamp visible.
	3. Comply with requirements for backboard installation in BICSI's "Information Technology Systems Installation Methods Manual" and TIA-569-D.


	3.2 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-D, Annex A, "Firestopping."
	C. Comply with BICSI's "Information Technology Systems Installation Methods Manual", "Firestopping Practices" Ch.



	271116 - Communications Racks, Frames, and Enclosures
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. 19-inch equipment racks.
	2. 19-inch freestanding and wall-mounted equipment cabinets.
	3. Power strips.
	4. Grounding.
	5. Labeling.


	1.2 DEFINITIONS
	A. Access Provider: An operator that provides a circuit path or facility between the service provider and user. An access provider can also be a service provider.
	B. Service Provider: The operator of a telecommunications transmission service delivered through access provider facilities.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For communications racks, frames, and enclosures. 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. Grounding: Indicate location of TGB and its mounting detail showing standoff insulators and wall-mounting brackets.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified layout technician, installation supervisor, and field inspector.

	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 direct supervision of RCDD.
	2. Installation Supervision: Installation shall be under direct supervision of Installer 2, Copper or Fiber, 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 Technician to perform on-site inspection.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. UL listed.
	B. RoHS compliant.
	C. Compliant with requirements of the Payment Card Industry Data Security Standard.

	2.2 19-INCH EQUIPMENT RACKS
	A. Description: Two- post racks with threaded rails designed for mounting telecommunications equipment. Width is compatible with EIA/ECIA 310-E, 19-inch (482.6-mm) equipment mounting with an opening of 17.72-inches (450-mm) between rails.
	B. General Requirements:
	1. Frames: Modular units designed for telecommunications terminal support and coordinated with dimensions of units to be supported.
	2. Material: Extruded steel.
	3. Finish: Manufacturer's standard, baked-polyester powder coat.
	4. Color: White.

	C. Floor-Mounted Racks:
	1. Overall Height: 84 inches (2133.6 mm) or as indicated on Drawings.
	2. Overall Depth: 23 inches (584.2 mm).
	3. Two-Post Load Rating: 400 lb (181 kg).
	4. Four-Post Load Rating: 1000 lb (454 kg)."Numbering" Subparagraph below may describe a feature not available from all manufacturers.
	5. Numbering: Every five rack units, on interior of rack.
	6. Vertical and horizontal cable management channels, top and bottom cable troughs, grounding lug, and a power strip.
	7. Base shall have a minimum of four mounting holes for permanent attachment to floor.
	8. Top shall have provisions for attaching to cable tray or ceiling.
	9. Self-leveling.

	D. Wall-Mounted Racks:
	1. Height: 54” or as indicated on Drawings.
	2. Depth: 29 inches (736.6 mm).
	3. Load Rating: 200 lb (91 kg).
	4. Wall Attachment: Four mounting holes.
	5. Equipment Access: Integral swing.

	E. Cable Management:
	1. Metal, with integral wire retaining fingers.
	2. Baked-polyester powder coat finish.
	3. Vertical cable management panels shall have front and rear channels, with covers.
	4. Provide horizontal crossover cable manager at the top of each relay rack, with a minimum height of two rack units each.


	2.3 19-INCH EQUIPMENT CABINETS
	A. Description: Manufacturer-assembled four-post frame enclosed by side and top panels and front and rear doors, designed for mounting telecommunications equipment. Width is compatible with EIA/ECIA 310-E, 19-inch (482.6-mm) equipment mounting with an...
	B. General Cabinet Requirements:
	1. Modular units designed for telecommunications terminal support and coordinated with dimensions of units to be supported.
	2. Material: Extruded steel.
	3. Finish: Manufacturer's standard, baked-polyester powder coat.
	4. Color: White.

	C. Modular Freestanding Cabinets:
	1. Overall Height: 84 inches (2133.6 mm) or as indicated on Drawings.
	2. Overall Depth: 29 inches (736.6 mm).
	3. Load Rating: 3000 lb (1362 kg).
	4. Numbering: Every five rack units, on interior of rack.
	5. Removable and lockable side and top panels.
	6. Hinged and lockable front and rear doors.
	7. Adjustable feet for leveling.
	8. Screened ventilation openings in roof and rear door.
	9. Cable access provisions in roof and base.
	10. TGB.
	11. Roof-mounted, 550-cfm (260-L/s) fan with filter.
	12. Power strip.
	13. All cabinets keyed alike.

	D. Cable Management:
	1. Metal, with integral wire retaining fingers.
	2. Baked-polyester powder coat finish.
	3. Vertical cable management panels shall have front and rear channels, with covers.
	4. Provide horizontal crossover cable manager at top of each relay rack, with a minimum height of two rack units each.


	2.4 POWER STRIPS
	A. Power Strips: Comply with UL 1363.
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Rack mounting, with detachable flanges.
	3. Six, 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles.
	4. Front-facing receptacles.
	5. LED indicator lights for power and protection status.
	6. LED indicator lights for reverse polarity and open outlet ground.
	7. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens and cannot be reset.
	8. Cord connected with 15-foot (4.5-m) line cord.
	9. Rocker-type on-off switch, illuminated when in on position.
	10. Surge Protection: UL 1449, Type 3.
	a. Maximum Surge Current, Line to Neutral: 27 kA.
	b. Protection modes shall be line to neutral, line to ground, and neutral to ground.
	c. UL 1449 Voltage Protection Rating for line to neutral and line to ground shall be 600 V and 500 V for neutral to ground.



	2.5 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	B. Rack and Cabinet TGBs: Rectangular bars of hard-drawn solid copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying with TIA-606-B. Predrilling shall be with holes for use with lugs speci...
	1. Cabinet-Mounted TGB: Terminal block, with stainless-steel or copper-plated hardware for attachment to cabinet.
	2. Rack-Mounted Horizontal TGB: Designed for mounting in 19- or 23-inch (482.6- or 584.2-mm) equipment racks. Include a copper splice bar for transitioning to an adjoining rack, and stainless-steel or copper-plated hardware for attachment to the rack.
	3. Rack-Mounted Vertical TGB: 72 or 36 inches (1828.8 or 914.4 mm) long, with stainless-steel or copper-plated hardware for attachment to rack.


	2.6 LABELING
	A. Comply with TIA-606-B 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 INSTALLATION
	A. Comply with NECA 1.
	B. Comply with BICSI TDMM for layout of communications equipment spaces.
	C. Comply with BICSI ITSIMM for installation of communications equipment spaces.
	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.
	E. Coordinate layout and installation of communications equipment in racks and room. Coordinate service entrance configuration with service provider.
	1. Meet jointly with system providers, equipment suppliers, and Owner to exchange information and agree on details of equipment configurations and installation interfaces.
	2. Record agreements reached in meetings and distribute them to other participants.
	3. Adjust configurations and locations of distribution frames, cross-connects, and patch panels in equipment spaces to accommodate and optimize configuration and space requirements of telecommunications equipment.
	4. Adjust configurations 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 equipment room.

	F. Coordinate location of power raceways and receptacles with locations of communications equipment requiring electrical power to operate.

	3.2 GROUNDING
	A. Comply with NECA/BICSI 607.
	B. Install grounding according to BICSI ITSIMM, "Bonding, Grounding (Earthing) and Electrical Protection" Ch.
	C. Locate TGB to minimize length of bonding conductors. Fasten to wall, allowing at least 2 inches (50 mm) of clearance behind TGB. Connect TGB with a minimum No. 4 AWG grounding electrode conductor from TGB to suitable electrical building ground. Con...
	1. Bond the shield of shielded cable to patch panel, and bond patch panel to TGB or TMGB.

	D. Labels shall be machine printed. Type shall be [1/8 inch (3 mm)] [3/16 inch (5 mm)] [1/4 inch (6 mm)] in height.



	271513 - Communications Copper Horizontal Cabling
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Category 6a twisted pair cable.
	2. Twisted pair cable hardware, including plugs and jacks.
	3. Cable management system.
	4. Grounding provisions for twisted pair cable.


	1.2 COPPER HORIZONTAL CABLING DESCRIPTION
	A. Horizontal cabling system shall provide interconnections between Distributor A, Distributor B, or Distributor C, and the equipment outlet, otherwise known as "Cabling Subsystem 1," in the telecommunications cabling system structure. Cabling system ...
	1. TIA-568-C.1 requires that a minimum of two equipment outlets be installed for each work area.
	2. Horizontal cabling shall contain no more than one transition point or consolidation point between the horizontal cross-connect and the telecommunications equipment outlet.
	3. Bridged taps and splices shall not be installed in the horizontal cabling.

	B. A work area is approximately 100 sq. ft. (9.3 sq. m), and includes the components that extend from the equipment outlets to the station equipment.
	C. The maximum allowable horizontal cable length is 295 feet (90 m). This maximum allowable length does not include an allowance for the length of 16 feet (4.9 m) to the workstation equipment or in the horizontal cross-connect.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Reviewed and stamped by RCDD.
	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.
	4. Wiring diagrams and installation details of telecommunications equipment, to show location and layout of telecommunications equipment.

	C. Twisted pair cable testing plan.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For RCDD, installation supervisor, and field inspector.
	B. Product Certificates: For each type of product.
	C. Source quality-control reports.
	D. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Maintenance data.
	B. Software and Firmware Operational Documentation:
	1. Software operating and upgrade manuals.
	2. Program Software Backup: On USB media.
	3. Device address list.
	4. Printout of software application and graphic screens.


	1.6 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	1. Layout Responsibility: Preparation of Shop Drawings and cabling administration Drawings by an RCDD.
	2. Installation Supervision: Installation shall be under the direct supervision of Level 2 Installer, who shall be present at all times when Work of this Section is performed at Project site.
	3. Testing Supervisor: Currently certified by BICSI as an RCDD to supervise on-site testing.

	B. Testing Agency Qualifications: Testing agency must have personnel certified by BICSI on staff.
	1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD.


	1.7 COORDINATION
	A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's telecommunications and LAN equipment and service suppliers.

	1.8 SOFTWARE SERVICE AGREEMENT
	A. Technical Support: Beginning at Substantial Completion, provide software support for two  years.
	B. Upgrade Service: Update software to latest version at Project completion. Install and program software upgrades that become available within two years from date of Substantial Completion. Upgrading software shall include operating system and new or...
	1. Provide 30 days' notice to Owner to allow scheduling and access to system and to allow Owner to upgrade computer equipment if necessary.



	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.
	B. Telecommunications Pathways and Spaces: Comply with TIA-569-D.
	C. Grounding: Comply with TIA-607-B.

	2.2 GENERAL CABLE CHARACTERISTICS
	A. 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.
	2. Communications, Plenum Rated: Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed according to NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	3. Communications, Non-plenum: Type CMR complying with UL 1666.
	4. Communications, Non-plenum: Type CMP or Type CMR in listed plenum or riser communications raceway.
	5. Communications, Non-plenum: Type CMP or Type CMR in metallic conduit installed according to NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."

	B. Surface-Burning Characteristics: Comply with ASTM E84; testing 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.

	C. RoHS compliant.

	2.3 CATEGORY 6a TWISTED PAIR CABLE
	A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission characteristics of Category 6a cable at frequencies up to 500MHz.
	B. Standard: Comply with TIA-568-C.2 for Category 6a cables.
	C. Conductors: 100-ohm, 23 AWG solid copper.
	D. Shielding/Screening: Unshielded twisted pairs (UTP).
	E. Jacket: Color as indicated on Drawings thermoplastic.

	2.4 TWISTED PAIR CABLE HARDWARE
	A. Description: Hardware designed to connect, splice, and terminate twisted pair copper communications cable.
	B. General Requirements for Twisted Pair Cable Hardware:
	1. Comply with the performance requirements of Category 6a.
	2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or tools.
	3. Cables shall be terminated with connecting hardware of same category or higher.

	C. Source Limitations: Obtain twisted pair cable hardware from same manufacturer as twisted pair cable, from single source.
	D. Connecting Blocks:
	1. 110-style IDC for Category 6a.
	2. 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.

	E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and permit interconnection between cables.
	1. Number of Terminals per Field: One for each conductor in assigned cables.

	F. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each jack location for permanent termination of pair groups of installed cables.
	1. Features:
	a. Universal T568A and T568B wiring labels.
	b. Labeling areas adjacent to conductors.
	c. Replaceable connectors.
	d. 24 or 48 ports.

	2. Construction: 16-gauge steel and mountable on 19-inch (483 mm) equipment racks.

	G. Patch Cords: Factory-made, four-pair cables in 36” to 60” lengths as required; terminated with an eight-position modular plug at each end.
	1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure performance. Patch cords shall have latch guards to protect against snagging.

	H. Plugs and Plug Assemblies:
	1. Male; eight position; color-coded modular telecommunications connector designed for termination of a single four-pair, 100-ohm, unshielded or shielded twisted pair cable.
	2. Standard: Comply with TIA-568-C.2.
	3. Marked to indicate transmission performance.

	I. Jacks and Jack Assemblies:
	1. Female; eight position; modular; fixed telecommunications connector designed for termination of a single four-pair, 100-ohm, unshielded or shielded twisted pair cable.
	2. Designed to snap-in to a patch panel or faceplate.
	3. Standard: Comply with TIA-568-C.2.
	4. Marked to indicate transmission performance.

	J. Faceplate:
	1. Four port, vertical single gang faceplates designed to mount to single gang wall boxes.
	2. Eight port, vertical double gang faceplates designed to mount to double gang wall boxes.
	3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring Devices."
	4. For use with snap-in jacks accommodating any combination of twisted pair, optical fiber, and coaxial work area cords.
	a. Flush mounting jacks, positioning the cord at a 45-degree angle.


	K. Legend:
	1. Machine printed, in the field, using adhesive-tape label.
	2. Snap-in, clear-label covers and machine-printed paper inserts.


	2.5 CABLE MANAGEMENT SYSTEM
	A. Description: Computer-based cable management system, with integrated database capabilities.
	B. Document physical characteristics by recording the network, TIA details, and connections between equipment and cable.
	C. Information shall be presented in database view.
	1. Microsoft Visio Professional or AutoCAD drawing software shall be used as drawing and schematic plans software.

	D. System shall interface with the following testing and recording devices:
	1. Direct upload tests from circuit testing instrument into the personal computer.
	2. Direct download circuit labeling into labeling printer.


	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 INSTALLATION OF TWISTED-PAIR 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 where unenclosed wiring method may be used. Conceal raceway and cables, except in unfinished sp...
	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."

	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. Install co...
	D. General Requirements for Cabling:
	1. Comply with TIA-568-C.1.
	2. Comply with BICSI's Information Transport Systems Installation Methods Manual, Ch. 5, "Copper Structured Cabling Systems," "Cable Termination Practices" Section.
	3. Install 110-style IDC termination hardware unless otherwise indicated.
	4. Do not untwist twisted pair cables more than 1/2 inch (12 mm) from the point of termination to maintain cable geometry.
	5. Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, cross-connects, and patch panels.
	6. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	7. Install lacing bars to restrain cables, prevent straining connections, and prevent bending cables to smaller radii than minimums recommended by manufacturer.
	8. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI information Transport Systems Installation Methods Manual, Ch. 5, "Copper Structured Cab...
	9. 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.
	10. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps shall not be used for heating.
	11. In the communications equipment room, install a 10-foot- (3-m-) long service loop on each end of cable.
	12. Pulling Cable: Comply with BICSI Information Transport Systems Installation Methods Manual, Ch. 5, "Copper Structured Cabling Systems," "Pulling and Installing Cable" Section. Monitor cable pull tensions.

	E. Group connecting hardware for cables into separate logical fields.
	F. Separation from EMI Sources:
	1. Comply with recommendations from BICSI's "Telecommunications Distribution Methods Manual" and TIA-569-D for separating unshielded copper communication cable from potential EMI sources, including electrical power lines and equipment.


	3.2 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-D, Annex A, "Firestopping."
	C. Comply with "Firestopping Systems" Article in BISCI's "Telecommunications Distribution Methods Manual."

	3.3 GROUNDING
	A. Install grounding according to the "Grounding, Bonding, and Electrical Protection" chapter in BICSI's "Telecommunications Distribution Methods Manual."
	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 a 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding bus bar to suitable electrical building ground, using a minimum No. ...
	D. Bond metallic equipment to the grounding bus bar, using not smaller than a No. 6 AWG equipment grounding conductor.
	E. Equipment grounding conductors.
	F. Cable and Wire Identification:
	1. Label each cable within 4 inches (100 mm) 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 the device if wire color 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 (4.5 m).
	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, extended from a panel or cabinet to a building-mounted device, with the name and number of a particular device.
	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 communication ca...

	G. Labels shall be preprinted or computer-printed type, with a printing area and font color that contrast with cable jacket color but still comply with TIA-606-B requirements for the following:

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Visually inspect jacket materials for NRTL certification markings. Inspect cabling terminations in communications equipment rooms for compliance with color-coding for pin assignments, and inspect cabling connections for compliance with TIA-568-C.1.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Test twisted pair 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.

	C. Data for each measurement shall be documented. Data for submittals shall be printed in a summary report that is formatted similarly to Table 10.1 in BICSI's "Telecommunications Distribution Methods Manual," or shall be transferred from the instrume...
	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.
	END OF SECTION 271513



	281300 - Integrated Access Control and Security Management System
	END OF SECTION 281300

	281500  - Access Control Hardware Devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 & Division 26 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Card readers, credential cards, and keypads
	2. Cables
	3. Transformers

	B. Related Requirements:
	1. Section 281300 "Access Control System Software and Database Management" for control and monitoring applications, workstations, and interfaces.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.
	1. Diagrams for cable management system.
	2. System labeling schedules, including electronic copy of labeling schedules that are part of the cable and asset identification system of the software specified in Parts 2 and 3.
	3. Wiring Diagrams. For power, signal, and control wiring. Show typical wiring schematics including the following:
	a. Workstation outlets, jacks, and jack assemblies.
	b. Patch cords.
	c. Patch panels.

	4. Cable Administration Drawings: As specified in "Identification" Article.
	5. Battery and charger calculations for central station, workstations, and controllers.

	C. Product Schedules.
	D. Samples: For workstation outlets, jacks, jack assemblies, and faceplates. For each exposed product and for each color and texture specified.

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Credential card blanks, ready for printing. Include enough credential cards for all personnel to be enrolled at the site plus an extra 20 percent for future use.
	2. Fuses of all kinds, power and electronic, equal to 10 percent of amount installed for each size used, but no fewer than three units.


	1.7 QUALITY ASSURANCE
	A. Installer Qualifications: An employer of workers trained and approved by manufacturer.
	1. Cable installer must have on staff an RCDD certified by Building Industry Consulting Service International.

	B. Source Limitations: Obtain central station, workstations, controllers, Identifier readers, and all software through one source from single manufacturer.

	1.8 PROJECT CONDITIONS
	A. Environmental Conditions: System shall be capable of withstanding the following environmental conditions without mechanical or electrical damage or degradation of operating capability:
	1. Control Station: Rated for continuous operation in ambient conditions of 60 to 85 deg F (16 to 30 deg C) and a relative humidity of 20 to 80 percent, noncondensing.
	2. Indoor, Controlled Environment: NEMA 250, Type 1 enclosure. System components, except the central-station control unit, installed in air-conditioned indoor environments shall be rated for continuous operation in ambient conditions of 36 to 122 deg ...
	3. Outdoor Environment: NEMA 250, NEMA 250, Type 3R enclosures. System components installed in locations exposed to weather shall be rated for continuous operation in ambient conditions of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C) dry bul...
	4. Hazardous Environment: System components located in areas where fire or explosion hazards may exist because of flammable gases or vapors, flammable liquids, combustible dust, or ignitable fibers shall be rated, listed, and installed according to NF...
	5. Corrosive Environment: For system components subjected to corrosive fumes, vapors, and wind-driven salt spray in coastal zones, provide NEMA 250, Type 4X enclosures.



	PART 2 -  PRODUCTS
	2.1 OPERATION
	A. Security access system hardware shall use a single database for access-control and credential-creation functions.

	2.2 PERFORMANCE 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. Comply with NFPA 70, "National Electrical Code."
	C. Comply with SIA DC-01 and SIA-DC-03

	2.3 CARD READERS, CREDENTIAL CARDS, AND KEYPADS
	A. Card Readers:
	1. Card-Reader Power: Powered from its associated controller, including its standby power source, and shall not dissipate more than 5 W.
	2. Response Time: Card reader shall respond to passage requests by generating a signal that is sent to the controller. Response time shall be 800 ms or less, from the time the card reader finishes reading the credential card until a response signal is...
	3. Enclosure: Suitable for surface, semi-flush, pedestal, or weatherproof mounting. Mounting types shall additionally be suitable for installation in the following locations:
	a. Indoors, controlled environment.
	b. Indoors, uncontrolled environment.
	c. Outdoors, with built-in heaters or other cold-weather equipment to extend the operating temperature range as needed for operation at the site.

	4. Display: Digital visual indicator shall provide visible and audible status indications and user prompts. Indicate power on or off, whether user passage requests have been accepted or rejected, and whether the door is locked or unlocked.
	5. Touch-Plate and Proximity Readers:
	a. Passive-detection proximity card readers shall use a swept-frequency, RF field generator to read the resonant frequencies of tuned circuits laminated into compatible credential cards. The resonant frequencies read shall constitute a unique identifi...
	b. The card reader shall read proximity cards in a range from direct contact to at least 6 inches (150 mm) from the reader.

	6. Communication Protocol: Compatible with local processor.

	B. Credential Cards:
	1. Modification: Entry-control cards shall be able to be modified by lamination direct print process during the enrollment process without reduction of readability. The design of the credential cards shall allow for the addition of at least one slot o...
	2. Card Size and Dimensional Stability: Credential cards shall be 2-1/8 by 3-3/8 inches. The credential card material shall be dimensionally stable so that an undamaged card with deformations resulting from normal use shall be readable by the card rea...
	3. Card Material: Abrasion resistant, nonflammable, nontoxic, and impervious to solar radiation and effects of ultraviolet light.
	4. Card Construction:
	a. Core and laminate or monolithic construction.
	b. Lettering, logos, and other markings shall be hot stamped into the credential material or direct printed.
	c. Furnish equipment for on-site assembly and lamination of credential cards.



	2.4 PUSH-BUTTON SWITCHES
	A. Push-Button Switches: Momentary-contact back-lighted push buttons with stainless steel switch enclosures.
	B. Electrical Ratings:
	1. Minimum continuous current rating of 10A at 120-V ac
	2. Contacts that will make 720 VA at 60 A and that will break at 720 VA at 10A.

	C. Enclosures: Flush or surface mounting. Push buttons shall be suitable for flush mounting in the switch enclosures.
	D. Enclosures shall additionally be suitable for installation in the following locations:
	1. Indoors, controlled environment.
	2. Indoors, uncontrolled environment.
	3. Outdoors.

	E. Power: Push-button switches shall be powered from their associated controller, using dc control.

	2.5 CABLES
	A. General Cable Requirements: Comply with requirements in Section 26519 "Low-Voltage Electrical Power Conductors and Cables" and as recommended by system manufacturer for integration requirement.  Coordinate cable type with the equipment manufacturer.
	B. Plenum-Rated TIA 232-F Cables:
	1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.
	2. PE insulation.
	3. Aluminum foil-polyester tape shield with 100 percent shield coverage.
	4. Fluorinated ethylene propylene jacket.
	5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire.
	6. Flame Resistance: Comply with NFPA 262.

	C. Plenum-Rated TIA 485-A Cables:
	1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.
	2. Fluorinated ethylene propylene insulation.
	3. Unshielded.
	4. Fluorinated ethylene propylene jacket.
	5. NFPA 70 Type: Type CMP
	6. Flame Resistance: NFPA 262, Flame Test.

	D. Paired, PVC, Reader and Wiegand Keypad Cables:
	1. Three pairs, twisted, No. 20 AWG, stranded (7x28) tinned copper conductors, polyethylene (polyolefin) insulation, individual aluminum-foil/polyester-tape shielded pairs each with No. 22 AWG, stranded (19x34) tinned copper drain wire, 100 percent sh...
	2. NFPA 70, Type CM.
	3. Flame Resistance: UL 1581 vertical tray.

	E. Paired, Plenum-Type, Reader and Wiegand Keypad Cables:
	1. Three pairs, No. 22 AWG, stranded (7x30) tinned copper conductors, plastic insulation, individual aluminum-foil/polypropylene-tape shielded pairs each with No. 22 AWG, stranded tinned copper drain wire, 100 percent shield coverage, and fluorinated-...
	2. NFPA 70, Type CMP.
	3. Flame Resistance: NFPA 262 flame test.

	F. Multiconductor, Plenum-Type, Reader and Wiegand Keypad Cables:
	1. Six conductors, No. 20 AWG, stranded (7x28) tinned copper conductors, fluorinated-ethylene-propylene insulation, overall aluminum-foil/polyester-tape shield with 100 percent shield coverage plus tinned copper braid shield with 85 percent shield cov...
	2. NFPA 70, Type CMP.
	3. Flame Resistance: NFPA 262 flame test.

	G. LAN Cabling:
	1. Comply with requirements in Section 271513 "Communications Copper Horizontal Cabling."


	2.6 TRANSFORMERS
	A. NFPA 70, Class II control transformers, NRTL listed. Transformers for security access-control system shall not be shared with any other system.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with recommendations in SIA CP-01.
	B. Comply with TIA 606-B, "Administration Standard for Commercial Telecommunications Infrastructure."
	C. Product Schedules: Obtain detailed product schedules from manufacturer of access-control system or develop product schedules to suit Project. Fill in all data available from Project plans and specifications and publish as Product Schedules for revi...
	D. In meetings with Architect and Owner, present Product Schedules and review, adjust, and prepare final setup documents. Use approved, final Product Schedules to set up system software.

	3.2 CABLING
	A. Comply with NECA 1, "Good Workmanship in Electrical Construction."
	B. Install cables and wiring according to requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	C. Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets, desks, and counters and except in accessible ceiling spaces and in gypsum board partitions where unenclosed wiring method may be used. Use NRTL-listed plenum ...
	D. Install LAN cables using techniques, practices, and methods that are consistent with Category 5e rating of components and optical fiber rating of components, and that ensure Category 6 and optical fiber performance of completed and linked signal pa...
	E. Boxes and enclosures containing security-system components or cabling, and which are easily accessible to employees or to the public, shall be provided with a lock. Boxes above ceiling level in occupied areas of the building shall not be considered...
	F. Install end-of-line resistors at the field device location and not at the controller or panel location.

	3.3 CABLE APPLICATION
	A. Comply with TIA 569-D, "Commercial Building Standard for Telecommunications Pathways and Spaces."
	B. Cable application requirements are minimum requirements and shall be exceeded if recommended or required by manufacturer of system hardware.
	C. TIA 232-F Cabling: Install at a maximum distance of 50 ft. (15 m) between terminations.
	D. TIA 485-A Cabling: Install at a maximum distance of 4000 ft. (1220 m) between terminations.
	E. Card Readers and Keypads:
	1. Install number of conductor pairs recommended by manufacturer for the functions specified.
	2. Unless manufacturer recommends larger conductors, install No. 22 AWG wire if maximum distance from controller to the reader is 250 ft. (75 m), and install No. 20 AWG wire if maximum distance is 500 ft. (150 m).
	3. For greater distances, install "extender" or "repeater" modules recommended by manufacturer of the controller.
	4. Install minimum No. 18 AWG shielded cable to readers and keypads that draw 50 mA or more.

	F. Install minimum No. 16 AWG cable from controller to electrically powered locks. Do not exceed 250 ft. (75 m) between terminations.
	G. Install minimum No. 18 AWG ac power wire from transformer to controller, with a maximum distance of 25 ft. (8 m)  between terminations.

	3.4 GROUNDING
	A. Comply with Section 270526 "Grounding and Bonding for Communications Systems."
	B. Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic Equipment."
	C. Ground cable shields, drain conductors, and equipment to eliminate shock hazard and to minimize ground loops, common-mode returns, noise pickup, cross talk, and other impairments.
	D. Bond shields and drain conductors to ground at only one point in each circuit.
	E. Signal Ground:
	1. Terminal: Locate in each equipment room and wiring closet; isolate from power system and equipment grounding.
	2. Bus: Mount on wall of main equipment room with standoff insulators.
	3. Backbone Cable: Extend from signal ground bus to signal ground terminal in each equipment room and wiring closet.


	3.5 IDENTIFICATION
	A. In addition to requirements in this article, comply with applicable requirements in Section 270553 "Identification for Communications Systems" and with TIA 606-B.

	3.6 SYSTEM SOFTWARE AND HARDWARE
	A. Develop, install, and test software and hardware, and perform database tests for the complete and proper operation of systems involved. Assign software license to Owner.

	3.7 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. LAN Cable Procedures: Inspect for physical damage and test each conductor signal path for continuity and shorts. Use tester approved for type and kind of installed cable. Test for faulty connectors, splices, and terminations. Test according to TIA ...
	2. Test each circuit and component of each system. Tests shall include, but are not limited to, measurements of power-supply output under maximum load, signal loop resistance, and leakage to ground where applicable. System components with battery back...
	3. Operational Test: After installation of cables and connectors, demonstrate product capability and compliance with requirements. Test each signal path for end-to-end performance from each end of all pairs installed. Remove temporary connections when...

	C. Devices and circuits will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.8 STARTUP SERVICE
	A. Engage a factory-authorized service representative to supervise and assist with startup service.
	1. Complete installation and startup checks according to approved procedures that were developed in "Preparation" Article and with manufacturer's written instructions.
	2. Enroll and prepare badges and access cards for Owner's operators, management, and security personnel.




	282000  - Video Surveillance
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes a video surveillance system consisting of cameras, digital video recorder, data transmission wiring, and a control station with its associated equipment.
	B. Related Requirements:
	1. Section 281300 "Access Control System Software and Database Management" to integrate access control system interface and control.
	2. Section 283100 "Intrusion Detection" to integrate video surveillance used for intrusion detection.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include dimensions and data on features, performance, electrical characteristics, ratings, and finishes.
	B. Shop Drawings: For video surveillance. 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. Functional Block Diagram: Show single-line interconnections between components for signal transmission and control. Show cable types and sizes.
	3. Dimensioned plan and elevations of equipment racks, control panels, and consoles. Show access and workspace requirements.
	4. UPS: Sizing calculations.
	5. Wiring Diagrams: For power, signal, and control wiring.

	C. Design Data: Include equipment list consisting of every piece of equipment by model number, manufacturer, serial number, location, and date of original installation.

	1.3 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.4 PROJECT CONDITIONS
	A. Environmental Conditions: Capable of withstanding the following environmental conditions without mechanical or electrical damage or degradation of operating capability:
	1. Control Station: Rated for continuous operation in ambient temperatures of 60 to 85 deg F (16 to 29 deg C) and a relative humidity of 20 to 80 percent, noncondensing.
	2. Interior, Controlled Environment: System components, except central-station control unit, installed in air-conditioned interior environments shall be rated for continuous operation in ambient temperatures of 36 to 122 deg F (2 to 50 deg C) dry bulb...
	3. Exterior Environment: System components installed in locations exposed to weather shall be rated for continuous operation in ambient temperatures of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 90 percent relative humid...
	4. Security Environment: Camera housing for use in high-risk areas where surveillance equipment may be subject to physical violence.


	1.5 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components of cameras, equipment related to camera operation, and control-station equipment that fail in materials or workmanship within specified warr...
	1. Warranty Period: Three years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 SYSTEM REQUIREMENTS
	A. Video-signal format shall comply with NTSC standard, composite interlaced video. Composite video-signal termination shall be 75 ohms.
	B. Surge Protection: Protect components from voltage surges entering through power, communication, signal, control, or sensing leads. Include surge protection for external wiring of each conductor's entry connection to components.
	1. Minimum Protection for Power Connections 120 V and More: Auxiliary panel suppressors complying with requirements in Section 264313 "Surge Protection for Low-Voltage Electrical Power Circuits."
	2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power Connections: Comply with requirements in Section 264313 "Surge Protection for Low-Voltage Electrical Power Circuits" as recommended by manufacturer for type of line being ...

	C. Tamper Protection: Tamper switches on enclosures, control units, pull boxes, junction boxes, cabinets, and other system components shall initiate a tamper-alarm signal when unit is opened or partially disassembled. Control-station, control-unit ala...

	2.2 PERFORMANCE 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. Comply with NECA 1.
	C. Comply with NFPA 70.
	D. Electronic data exchange between video surveillance system with an access-control system shall comply with SIA TVAC.

	2.3 STANDARD CAMERAS
	A. Color Camera:
	1. Comply with UL 639.
	2. Pickup Device: CCD interline transfer, 380,000 771(H) by 492(V) pixels.
	3. Horizontal Resolution: 480 lines.
	4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off.
	5. With AGC, manually selectable on or off.
	6. Sensitivity: Camera shall deliver 1-V peak-to-peak video signal at the minimum specified light level. Illumination for the test shall be with lamps rated at approximately 2200-K color temperature, and with camera AGC off.
	7. Manually selectable modes for backlight compensation or normal lighting.
	8. Scanning Synchronization: Determined by external synch over the coaxial cable. Camera shall revert to internally generated synchronization on loss of external synch signal.
	9. White Balance: Auto-tracing white balance, with manually settable fixed balance option.
	10. Motion Detector: Built-in digital.

	B. Automatic Color Dome Camera: Assembled and tested as a manufactured unit, containing dome assembly, color camera, motorized pan and tilt, zoom lens, and receiver/driver.
	1. Comply with UL 639.
	2. Pickup Device: CCD interline transfer, 380,000 768(H) by 494(V) pixels.
	3. Horizontal Resolution: 480 lines.
	4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off.
	5. With AGC, manually selectable on or off.
	6. Sensitivity: Camera shall deliver 1-V peak-to-peak video signal at the minimum specified light level. Illumination for the test shall be with lamps rated at approximately 2200-K color temperature, and with camera AGC off.
	7. Manually selectable modes for backlight compensation or normal lighting.
	8. Pan and Tilt: Direct-drive motor, 360-degree rotation angle, and 180-degree tilt angle. Pan-and-tilt speed shall be controlled by operator. Movement from preset positions shall be not less than 300 degrees per second.
	9. Preset Positioning: Eight user-definable scenes, each allowing 16-character titles. Controls shall include the following:
	a. In "sequence mode," camera shall continuously sequence through preset positions, with dwell time and sequencing under operator control.
	b. Motion detection shall be available at each camera position.
	c. Up to four preset positions may be selected to be activated by an alarm. Each of the alarm positions may be programmed to output a response signal.

	10. Scanning Synchronization: Determined by external synch over the coaxial cable. Camera shall revert to internally generated synchronization on loss of external synch signal.
	11. White Balance: Auto-tracing white balance, with manually settable fixed balance option.
	12. Motion Detector: Built-in digital.
	13. Dome shall support multiplexed control communications using coaxial cable recommended by manufacturer.


	2.4 LENSES
	A. Description: Optical-quality coated lens, designed specifically for video-surveillance applications and matched to specified camera. Provide color-corrected lenses.
	1. Auto-Iris Lens: Electrically controlled iris with circuit set to maintain a constant video level in varying lighting conditions.
	2. Fixed Lens: With calibrated focus ring.
	3. Zoom Lens: Motorized, remote-controlled unit, rated as "quiet operating." Features include the following:
	a. Electrical Leads: Filtered to minimize video signal interference.
	b. Motor Speed: Variable.
	c. Lens shall be available with preset positioning capability to recall the position of specific scenes.



	2.5 POWER SUPPLIES
	A. Low-voltage power supplies matched for voltage and current requirements of cameras and accessories, and of type as recommended by manufacturer of camera and lens.
	1. Enclosure: NEMA 250, Type 4X .


	2.6 CAMERA-SUPPORTING EQUIPMENT
	A. Minimum Load Rating: Rated for load in excess of the total weight supported times a minimum safety factor of two.
	B. Pan-and-Tilt Units: Motorized units arranged to provide remote-controlled aiming of cameras with smooth and silent operation, and equipped with matching mounting brackets.
	1. Panning Rotation: 0 to 355 degrees, with adjustable stops.
	2. Tilt Movement: 90 degrees, plus or minus 5 degrees, with adjustable stops.
	3. Speed: 12 degrees per second in both horizontal and vertical planes.
	4. Wiring: Factory prewired for camera and zoom lens functions and pan-and-tilt power and control.
	5. Built-in encoders or potentiometers for position feedback[, and thermostat-controlled heater].
	6. Pan-and-tilt unit shall be available with preset positioning capability to recall the position of a specific scene.

	C. Mounting Brackets for Fixed Cameras: Type matched to items supported and mounting conditions. Include manual pan-and-tilt adjustment.
	D. Protective Housings for Fixed and Movable Cameras: Steel enclosures with internal camera mounting and connecting provisions that are matched to camera/lens combination and mounting and installing arrangement of camera to be housed.
	1. Tamper switch on access cover sounds an alarm signal when unit is opened or partially disassembled. Central-control unit shall identify tamper alarms and indicate location in alarm display. Tamper switches and central-control unit are specified in ...
	2. Camera Viewing Window: Polycarbonate window, aligned with camera lens.
	3. Duplex Receptacle: Internally mounted.
	4. Alignment Provisions: Camera mounting shall provide for field aiming of camera and permit removal and reinstallation of camera lens without disturbing camera alignment.
	5. Built-in, thermostat-activated [heater] [and] [blower] units. Units shall be automatically controlled so the environmental limits of the camera equipment are not exceeded.
	6. Sun shield shall not interfere with normal airflow around the housing.
	7. Mounting bracket and hardware for wall or ceiling mounting of the housing. Bracket shall be of same material as the housing; mounting hardware shall be stainless steel.
	8. Finish: Housing and mounting bracket shall be factory finished using manufacturer's standard finishing process suitable for the environment.
	9. Enclosure Rating: <Insert NEMA Type designation> <Insert Ingress Protection code designation>.


	2.7 COLOR MONITORS
	A. Horizontal Resolution: 600 lines.
	B. Minimum Front Panel Devices and Controls: Power switch; power-on indicator; and brightness, contrast, color, and tint controls.
	C. Degaussing: Automatic.
	D. Mounting: Single, 14-inch (356-mm), vertical, EIA 19-inch (483-mm) electronic equipment rack or cabinet complying with CEA 310-E.
	E. Electrical: 120-V ac, 60 Hz.

	2.8 DIGITAL VIDEO RECORDERS
	A. Description: Digital, time-lapse type, full-frame and motion recorder, with removable hard drive.
	1. Recording Time: 400 hours minimum.
	2. Resolution: 720 by 480 lines, minimum.
	3. Programming shall be from trackball and push buttons on face of the recorder, settings shall be displayed on any video monitor connected to the recorder. Programming shall include the following:
	a. Motion analysis graph.
	b. Password protection.
	c. Alarm and timer controls.
	d. Continuous recording option.
	e. Time-lapse operating modes.
	f. Search video by time, event, or motion.

	4. Programming: SmartMedia card for software updating, image archiving, and image transfer to a PC.
	5. Storage: 80-GB , removable hard drive. Software shall permit hot-swapping drives.
	6. Compression: MPEG-2.
	7. Time and Date Generator: Records time (hr:min:sec) and date legend of each frame.
	8. Audio Recording: 70 to 7000 Hz. Phono and microphone input; phono output.
	9. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E, or freestanding desktop.


	2.9 NETWORK VIDEO RECORDERS
	A. External storage or internal 250-1, 500-GB hard disk drive.
	1. Video and audio recording over TCP/IP network.
	2. Video recording of MPEG-2 and MPEG-4 streams.
	3. Video recording up to 48 Mbps for internal storage and up to 100 Mbps for external storage.
	4. Duplex Operation: Simultaneous recording and playback.
	5. Continuous and alarm-based recording.
	6. Full-Featured Search Capabilities: Search based on camera, time, or date.
	7. Automatic data replenishment to ensure recording even if network is down.
	8. Digital certification by watermarking.
	9. Internal RAID storage or non-RAID storage of up to 1500 GB.
	10. Capable of adding external RAID storage up to 7000 GB for models with no internal storage.
	11. Full integration with LAN, Intranet, or Internet through standard Web browser or video management software.
	12. Integrated Web server FTP server functionality.
	13. Supports up to 16 devices.


	2.10 DIGITAL SWITCHERS
	A. Quad Switch: For displaying images from four cameras on a single monitor. Provide color switcher.
	1. Controls: Unit-mounted front panel.
	2. Resolution: [720 by 480] lines <Insert resolution>.
	3. Modes: Auto, manual, and alarm. In manual mode, each channel can also be viewed in single display mode. In the event of an alarm, alarming channel shall automatically switch to full screen. If several alarms are activated, channels in alarm shall b...
	4. Channel Loss Alarm: Audible buzzer; occurrence details shall be recorded.
	5. Time: Indicate date and time.
	6. Timing of Auto-Switcher: 1 to 30 seconds, selectable.
	7. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E, or freestanding desktop.

	B. Manual Switch Bank: Low-loss, high-isolation, multiple-video switch to allow manual switching of multiple quad switches and cameras to a single output. Switches shall be illuminated.
	C. Sequential Switchers: Automatically sequence outputs of multiple cameras to single monitor.
	1. Switching Time Interval: Continuously adjustable, 5 to 20 seconds minimum, with manual override.
	2. Skip-Sequential-Hold Switch: One for each camera, with LED to indicate active camera.
	3. Camera Identification Legend: Either on-screen message or label at skip-sequential switch.
	4. Alarm Switching: In the event of an alarm, alarming channel shall automatically switch the monitor to full screen.
	5. Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E.

	D. PTZ Controls: Arranged for multiple-camera control, with switches to select camera to be controlled.
	1. Pan-and-Tilt Control: Joystick type.
	2. Zoom Control: Momentary-contact, "in-out" push button.
	3. Automatic-Scan Control: A push button for each camera with pan capability that places camera in automatic-scanning mode.


	2.11 IP VIDEO SYSTEMS
	A. Description:
	1. System shall provide high-quality delivery and processing of IP-based video, audio, and control data using standard Ethernet-based networks.
	2. System shall have seamless integration of all video surveillance and control functions.
	3. Graphical user interface software shall manage all IP-based video matrix switching and camera control functions, two-way audio communication, alarm monitoring and control, and recording and archive/retrieval management. IP system shall also be capa...
	4. System design shall include all necessary compression software for high-performance, dual-stream, MPEG-2/MPEG-4 video. Unit shall provide connections for all video cameras, camera PTZ control data, bidirectional audio, discreet sensor inputs, and c...
	5. All camera signals shall be compressed, encoded, and delivered onto the network for processing and control by the IP video-management software.
	6. Camera system units shall be ruggedly built and designed for extreme adverse environments, complying with NEMA Type environmental standards.
	7. Encoder/decoder combinations shall place video, audio, and data network stream that can be managed from multiple workstations on the user's LAN or WAN.
	8. All system interconnect cables, workstation PCs, PTZ joysticks, and network intermediate devices shall be provided for full performance of specified system.


	2.12 CONTROL STATIONS
	A. Description: Heavy-duty, freestanding, modular, metal furniture units arranged to house electronic equipment. Coordinate component arrangement and wiring with components and wiring of other systems.
	B. Equipment Mounting: Standard 19-inch (483-mm) rack complying with CEA 310-E.
	C. Normal System Power Supply: 120 V, 60 Hz, through a locked disconnect device and an isolation transformer in central-station control unit. Central-station control unit shall supply power to all components connected to it unless otherwise indicated.
	D. Power Continuity for Control Station: Batteries in power supplies of central-station control units and individual system components shall maintain continuous system operation during outages of both normal and backup ac system supply.
	1. Batteries: Rechargeable, valve-regulated, recombinant, sealed, lead-acid type with nominal 10-year life expectancy. Capacity adequate to operate portions of system served including audible trouble signal devices for up to four hours and audible and...
	2. Battery Charger: Solid-state, fully automatic, variable-charging-rate type. Charger shall recharge fully discharged battery within 24 hours.

	E. Annunciation: Indicate change in system condition and switching of system or component to backup power.


	PART 3 -  EXECUTION
	3.1 WIRING
	A. Wiring Method: Install cables in raceways unless otherwise indicated.
	1. Conceal raceways and wiring except in unfinished spaces.

	B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and distribution spools.
	C. Splices, Taps, and Terminations: For power and control wiring, use numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. Tighten electrical connectors and terminals according to manufacturer's pu...
	D. For communication wiring, comply with the following:
	1. Section 271513 "Communications Copper Horizontal Cabling."

	E. Grounding: Provide independent-signal circuit grounding recommended in writing by manufacturer.

	3.2 VIDEO SURVEILLANCE SYSTEM INSTALLATION
	A. Install cameras with 84-inch- (2134-mm-) minimum clear space below cameras and their mountings. Change type of mounting to achieve required clearance.
	B. Set pan-and-tilt unit stops to suit final camera position and to obtain the field of view required for camera. Connect all controls and alarms, and adjust.
	C. Avoid ground loops by making ground connections only at the control station.
	1. For 12- and 24-V dc cameras, connect the coaxial cable shields only at the monitor end.

	D. Identify system components, wiring, cabling, and terminals according to Section 270553 "Identification for Communications Systems."

	3.3 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. Inspection: Verify that units and controls are properly installed, connected, and labeled, and that interconnecting wires and terminals are identified.
	2. Pretesting: Align and adjust system and pretest components, wiring, and functions to verify that they comply with specified requirements. Conduct tests at varying lighting levels, including day and night scenes as applicable. Prepare video-surveill...
	a. Verify operation of auto-iris lenses.
	b. Set back-focus of fixed focal length lenses. At focus set to infinity, simulate nighttime lighting conditions by using a dark glass filter of a density that produces a clear image. Adjust until image is in focus with and without the filter.
	c. Set back-focus of zoom lenses. At focus set to infinity, simulate nighttime lighting conditions by using a dark glass filter of a density that produces a clear image. Additionally, set zoom to full wide angle and aim camera at an object 50 to 75 fe...
	d. Set and name all preset positions; consult Owner's personnel.
	e. Set sensitivity of motion detection.
	f. Connect and verify responses to alarms.
	g. Verify operation of control-station equipment.

	3. Test Schedule: Schedule tests after pretesting has been successfully completed and system has been in normal functional operation for at least 14 days. Provide a minimum of 10 days' notice of test schedule.
	4. Operational Tests: Perform operational system tests to verify that system complies with Specifications. Include all modes of system operation.

	C. Video surveillance system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.4 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain video-surveillance equipment.



	283100  - Intrusion Detection
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes intrusion detection with communication links to perform monitoring, alarm, and control functions.
	B. Related Sections:
	1. Section 271323 "Communications Optical Fiber Backbone Cabling" for multi- and single-mode backbone (riser-rated) optical fiber.
	2. Section 271513 "Communications Copper Horizontal Cabling" for Category 5e, 6, and 7 horizontal (general use, riser-, and plenum-rated) cabling.
	3. Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for power cabling between master control units and field-mounted devices and control units.
	4. Section 281300 "Access Control System Software and Database Management" for applications, interfaces, and workstations.


	1.2 DEFINITIONS
	A. Control Unit: System component that monitors inputs and controls outputs through various circuits.
	B. Master Control Unit: System component that accepts inputs from other control units and may also perform control-unit functions. The unit has limited capacity for the number of protected zones and is installed at an unattended location or at a locat...
	C. Monitoring Station: Facility that receives signals and has personnel in attendance at all times to respond to signals. A central station is a monitoring station that is listed.
	D. Standard Intruder: A person who weighs 100 lb (45 kg) or less and whose height is 60 inches (1525 mm) or less; dressed in a long-sleeved shirt, slacks, and shoes.
	E. Standard-Intruder Movement: Any movement, such as walking, running, crawling, rolling, or jumping, of a "standard intruder" in a protected zone.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: Detail assemblies of standard components that are custom assembled for specific application on this Project.
	1. Raceway Riser Diagrams: Detail raceway runs required for intrusion detection. Include designation of devices connected by raceway, raceway type and size, and type and size of wire and cable fill for each raceway run.
	2. UPS: Sizing calculations.
	3. Site and Floor Plans: Indicate final outlet and device locations, routing of raceways, and cables inside and outside the building.
	4. Master Control-Unit Console Layout: Show required artwork and device identification.
	5. Device Address List: Coordinate with final system programming.
	6. System Wiring Diagrams: Include system diagrams unique to Project. Show connections for all devices, components, and auxiliary equipment. Include diagrams for equipment and for system with all terminals and interconnections identified.
	7. Details of surge-protection devices and their installation.
	8. Sensor detection patterns and adjustment ranges.

	C. Design Data: Include method of operation and supervision of each component and each type of circuit. Show sequence of operations for manually and automatically initiated system or equipment inputs. Description must cover this specific Project; manu...

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.
	B. Product Warranty: Sample of special warranty.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Intrusion Detection Devices: Furnish quantity equal to five percent of the number of units of each type installed, but no fewer than one of each type.
	2. Fuses: Three of each kind and size.
	3. Tool Kit: Provide six sets of tools for use with security fasteners, each packaged in a compartmented kit configured for easy handling and storage.
	4. Security Fasteners: Furnish no fewer than 1 box for every 50 boxes or fraction thereof, of each type and size of security fastener installed.


	1.7 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	1. Layout Responsibility: Preparation of Shop Drawings and cabling administration Drawings, and field testing program development by an RCDD].
	2. Installation Supervision: Installation shall be under the direct supervision of Technician, who shall be present at all times when Work of this Section is performed at Project site.

	B. Testing Agency Qualifications: Certified by BICSI. Testing agency must have personnel certified by BICSI on staff.
	1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to supervise on-site testing.


	1.8 PROJECT CONDITIONS
	A. Environmental Conditions: Capable of withstanding the following environmental conditions without mechanical or electrical damage or degradation of operating capability:
	1. Altitude: Sea level to 1000 feet (1220 m).
	2. Master Control Unit: Rated for continuous operation in an ambient of 60 to 85 deg F (16 to 29 deg C) and a relative humidity of 20 to 80 percent, noncondensing.
	3. Interior, Controlled Environment: System components, except master control unit, installed in air-conditioned interior environments shall be rated for continuous operation in ambients of 36 to 122 deg F (2 to 50 deg C)  dry bulb and 20 to 90 percen...
	4. Exterior Environment: System components installed in locations exposed to weather shall be rated for continuous operation in ambients of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 90 percent relative humidity, condens...
	5. Hazardous Environment: System components located in areas where fire or explosion hazards may exist because of flammable gases or vapors, flammable liquids, combustible dust, or ignitable fibers or flyings shall be rated, listed, and installed acco...


	1.9 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer and Installer agree to repair or replace components of intrusion detection devices and equipment that fail in materials or workmanship within specified warranty period.
	1. Warranty Period: Two years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 FUNCTIONAL DESCRIPTION OF SYSTEM
	A. Description: Hard-wired, modular, microprocessor-based controls, intrusion sensors and detection devices, and communication links to perform monitoring, alarm, and control functions.
	B. Supervision: System components shall be continuously monitored for normal, alarm, supervisory, and trouble conditions. Indicate deviations from normal conditions at any location in system. Indication includes identification of device or circuit in ...
	1. Alarm Signal: Display at master control unit and actuate audible and visual alarm devices.
	2. Trouble Condition Signal: Distinct from other signals, indicating that system is not fully functional. Trouble signal shall indicate system problems such as battery failure, open or shorted transmission line conductors, or control-unit failure.
	3. Supervisory Condition Signal: Distinct from other signals, indicating an abnormal condition as specified for the particular device or control unit.

	C. System Control: Master control unit shall directly monitor intrusion detection units and connecting wiring.
	D. System shall automatically reboot program without error or loss of status or alarm data after any system disturbance.
	E. Operator Commands:
	1. Help with System Operation: Display all commands available to operator. Help command, followed by a specific command, shall produce a short explanation of the purpose, use, and system reaction to that command.
	2. Acknowledge Alarm: To indicate that alarm message has been observed by operator.
	3. Place Protected Zone in Access: Disable all intrusion-alarm circuits of a specific protected zone. Tamper circuits may not be disabled by operator.
	4. Place Protected Zone in Secure: Activate all intrusion-alarm circuits of a protected zone.
	5. Protected Zone Test: Initiate operational test of a specific protected zone.
	6. System Test: Initiate system-wide operational test.
	7. Print reports.

	F. Timed Control at Master Control Unit: Allow automatically timed "secure" and "access" functions of selected protected zones.
	G. Automatic Control of Related Systems: Alarm or supervisory signals from certain intrusion detection devices control the following functions in related systems:
	1. Switch signal to selected monitor from CCTV camera in vicinity of sensor signaling an alarm.

	H. Printed Record of Events: Print a record of alarm, supervisory, and trouble events on system printer. Sort and report by protected zone, device, and function. When master control unit receives a signal, print a report of alarm, supervisory, or trou...
	I. Response Time: Two  seconds between actuation of any alarm and its indication at master control unit.
	J. Circuit Supervision: Supervise all signal and data transmission lines, links with other systems, and sensors from master control unit. Indicate circuit and detection device faults with both protected zone and trouble signals, sound a distinctive au...
	K. Programmed Secure-Access Control: System shall be programmable to automatically change status of various combinations of protected zones between secure and access conditions at scheduled times. Status changes may be preset for repetitive, daily, an...
	L. Manual Secure-Access Control: Coded entries at manual stations shall change status of associated protected zone between secure and access conditions.

	2.2 SYSTEM COMPONENT 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. Control Units, Devices, and Communications with Monitoring Station: Listed and labeled by a qualified testing agency for compliance with SIA CP-01.
	C. FM Global Compliance: FM-Approved and -labeled intrusion detection devices and equipment.
	D. Comply with NFPA 70.
	E. Surge Protection: Protect components from voltage surges originating external to equipment housing and entering through power, communication, signal, control, or sensing leads. Include surge protection for external wiring of each conductor entry co...
	1. Minimum Protection for Power Lines 120 V and More: Auxiliary panel suppressors complying with requirements in Section 264313 "Surge Protection for Low-Voltage Electrical Power Circuits."
	2. Minimum Protection for Communication, Signal, Control, and Low-Voltage Power Lines: Listed and labeled by a qualified testing agency for compliance with NFPA 731.

	F. Intrusion Detection Units: Listed and labeled by a qualified testing agency for compliance with UL 639.
	G. Interference Protection: Components shall be unaffected by radiated RFI and electrical induction of 15 V/m over a frequency range of 10 to 10,000 MHz and conducted interference signals up to 0.25-V rms injected into power supply lines at 10 to 10,0...
	H. Tamper Protection: Tamper switches on detection devices, control units, annunciators, pull boxes, junction boxes, cabinets, and other system components shall initiate a tamper-alarm signal when unit is opened or partially disassembled and when ente...
	I. Self-Testing Devices: Automatically test themselves periodically, but not less than once per hour, to verify normal device functioning and alarm initiation capability. Devices transmit test failure to master control unit.
	J. Antimasking Devices: Automatically check operation continuously or at intervals of a minute or less, and use signal-processing logic to detect blocking, masking, jamming, tampering, or other operational dysfunction. Devices transmit detection of op...
	K. Addressable Devices: Transmitter and receivers shall communicate unique device identification and status reports to master control unit.
	L. Remote-Controlled Devices: Individually and remotely adjustable for sensitivity and individually monitored at master control unit for calibration, sensitivity, and alarm condition.

	2.3 ENCLOSURES
	A. Interior Sensors: Enclosures that protect against dust, falling dirt, and dripping noncorrosive liquids.
	B. Interior Electronics: NEMA 250, Type 12.
	C. Exterior Electronics: NEMA 250, Type 4X, fiberglass.
	D. Screw Covers: Where enclosures are readily accessible, secure with security fasteners of type appropriate for enclosure.

	2.4 SECURE AND ACCESS DEVICES
	A. Keypad and Display Module: Arranged for entering and executing commands for system-status changes and for displaying system-status and command-related data.
	B. Key-Operated Switch: Change protected zone between secure and access conditions.

	2.5 DOOR AND WINDOW SWITCHES
	A. Description: Balanced-magnetic switch, complying with UL 634, installed on frame with integral overcurrent device to limit current to 80 percent of switch capacity. Bias magnet and minimum of two encapsulated reed switches shall resist compromise f...
	B. Flush-Mounted Switches: Unobtrusive and flush with surface of door and window frame.
	C. Overhead Door Switch: Balanced-magnetic type, listed for outdoor locations, and having door-mounted magnet and floor-mounted switch unit.

	2.6 ACOUSTIC-TYPE, GLASS-BREAK SENSORS
	A. Listed and labeled by a qualified testing agency for compliance with SIA GB-01.
	B. Device Performance: Detect unique, airborne acoustic energy spectrum caused by breaking glass.
	1. Sensor Element: Microprocessor-based, digital device to detect breakage of plate, laminate, tempered, and wired glass while rejecting common causes of false alarms. Detection pattern shall be at least a 20-foot (6-m) range.
	2. Hookup Cable: Factory installed, not less than 72 inches (1830 mm).
	3. Activation Indicator: LED on sensor housing that lights when responding to vibrations, remaining on until manually reset at sensor control unit[ or at master control unit.
	4. Control Unit: Integral with sensor housing or in a separate assembly, locally adjustable by control under housing cover.
	5. Glass-Break Simulator: A device to induce frequencies into protected glass pane that simulate breaking glass without causing damage to glass.


	2.7 PIEZOELECTRIC-TYPE, GLASS-BREAK SENSORS
	A. Listed and labeled by a qualified testing agency for compliance with SIA GB-01.
	B. Device Performance: Detect unique, high-frequency vibrations caused by breaking glass.
	1. Sensor Element: Piezoelectric crystals in a housing designed to mount directly to glass surface with adhesive provided by element manufacturer. Circular detection pattern, with at least a 60-inch (1525-mm) radius on a continuous glass pane. Sensor ...
	2. Hookup Cable: Factory installed, not less than 72 inches (1830 mm).
	3. Activation Indicator: LED on sensor housing that lights when responding to vibrations, remaining on until manually reset at sensor control unit[ or at master control unit].
	4. Control Unit: Integral with sensor housing or in a separate assembly, locally adjustable by control under housing cover.
	5. Glass-Break Simulator: A device to induce frequencies into protected glass pane that simulate breaking glass without causing damage to glass.


	2.8 VIDEO MOTION SENSORS (INTERIOR)
	A. Device Performance: Detect changes in video signal within a user-defined protected zone. Provide an alarm output for each video input.
	1. Detect movement within protected zone of standard intruders wearing clothing with a reflectivity that differs from that of background scene by a factor of 2. Reject all other changes in video signal.
	2. Modular design that allows for expansion or modification of number of inputs.
	3. Controls:
	a. Number of detection zones.
	b. Size of detection zones.
	c. Sensitivity of detection of each protected zone.

	4. Mounting: Standard 19-inch (480-mm) rack as described in EIA/ECA 310-E.


	2.9 MASTER CONTROL UNIT
	A. Description: Supervise sensors and detection subsystems and their connecting communication links, status control (secure or access) of sensors and detector subsystems, activation of alarms and supervisory and trouble signals, and other indicated fu...
	1. 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.
	2. Include a real-time clock for time annotation of events on the event recorder and printer.
	3. Addressable initiation devices that communicate device identity and status.

	B. Construction: Freestanding equipment rack, modular, with separate and independent alarm and supervisory system modules. Alarm-initiating protected zone boards shall be plug-in cards. Arrangements that require removal of field wiring for module repl...
	C. Console Controls and Displays: Arranged for interface between human operator at master control unit and addressable system components including annunciation and supervision. Display alarm, supervisory, and component status messages and the programm...
	1. Annunciator and Display: LCD, three line(s) of 40  characters, minimum.
	2. Keypad: Arranged to permit entry and execution of programming, display, and control commands.
	3. Control-Unit Network: Automatic communication of alarm, status changes, commands, and other communications required for system operation. Communication shall return to normal after partial or total network interruption such as power loss or transie...
	4. Field Device Network: Communicate between the control unit and field devices of the system. Communications shall consist of alarm, network status, and status and control of field-mounted processors. Each field-mounted device shall be interrogated d...
	5. Operator Controls: Manual switches and push-to-test buttons that do not require a key to operate. Prevent resetting of alarm, supervisory, or trouble signals while alarm or trouble condition persists. Include the following:
	a. Acknowledge alarm.
	b. Silence alarm.
	c. System reset.
	d. LED test.

	6. Timing Unit: Solid state, programmable, 365 days.
	7. Confirmation: Relays, contactors, and other control devices shall have auxiliary contacts that provide confirmation signals to system for their on or off status. Software shall interpret such signals, display equipment status, and initiate failure ...
	8. Alarm Indication: Audible signal sounds and an LED lights at master control unit identifying the protected zone addressable detector] originating the alarm.Annunciator panel displays a common alarm light and sounds a audible tone.
	9. Alarm Indication: Audible signal sounds and a plain-language identification of the addressable detector originating the alarm appears on LCD display at master control unit
	10. Alarm Indication: Audible signal sounds and a plain-language identification of the addressable detector originating the alarm appears on LCD display at master control unit
	11. Alarm activation sounds a bell or siren and strobe.

	D. Protected Zones: Quantity of alarm and supervisory zones as indicated, with capacity for expanding number of protected zones by a minimum of 10 percent.
	E. Power Supply Circuits: Master control units shall provide power for remote power-consuming detection devices. Circuit capacity shall be adequate for at least a 10  percent increase in load.
	F. UPS: Comply with Section 263353 "Static Uninterruptible Power Supply." UPS shall be sized to provide a minimum of six hours of master control-unit operation.
	G. Cabinet: Lockable, steel enclosure arranged so operations required for testing, normal operation, and maintenance are performed from front of enclosure. If more than a single cabinet is required to form a complete control unit, provide exactly matc...
	H. Transmission to Monitoring Station: A communications device to automatically transmit alarm, supervisory, and trouble signals to the monitoring station, operating over a standard voice grade telephone leased line. Comply with UL 1635.
	I. 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 a...

	2.10 AUDIBLE AND VISUAL ALARM DEVICES
	A. Bell: Master control unit 10 inches (254 mm) in diameter, rated to produce a minimum sound output of 84 dB at 10 feet (3 m) from master control unit.
	1. Enclosure: Weather-resistant steel box equipped with tamper switches on cover and on back of box.

	B. Klaxon Weatherproof Motor-Driven Hooter: UL listed, rated to produce a minimum sound output of 120 dB at 3 feet (1 m), plus or minus 3 dB, at a frequency of 470 Hz. Rated for intermittent use: two minutes on and five minutes off.
	1. Designed for use in industrial areas and in high-noise, severe-weather marine environments.

	C. Siren: 30-W speaker with siren driver, rated to produce a minimum sound output of 103 dB at 10 feet (3 m) from master control unit.
	1. Enclosure: Weather-resistant steel box with tamper switches on cover and on back of box.

	D. Strobe: Xenon light complying with UL 1638, with a clear polycarbonate lens.
	1. Light Output: 115 cd, minimum.
	2. Flash Rate: 60 per minute.


	2.11 SECURITY FASTENERS
	A. Operable only by tools produced for use on specific type of fastener by fastener manufacturer or other licensed fabricator. Drive system type, head style, material, and protective coating as required for assembly, installation, and strength.


	PART 3 -  EXECUTION
	3.1 SYSTEM INSTALLATION
	A. Comply with UL 681 and NFPA 731.
	B. Install wall-mounted equipment, with tops of cabinets not more than 72 inches (1830 mm) above the finished floor.

	3.2 WIRING INSTALLATION
	A. Wiring Method: Install wiring in metal raceways according to Section 270528 "Pathways for Communications Systems." Conceal raceway except in unfinished spaces and as indicated. Minimum conduit size shall be 1/2 inch (13 mm). Control and data transm...
	B. 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...
	C. Wires and Cables:
	1. Conductors: Size as recommended in writing by system manufacturer unless otherwise indicated.
	2. 120-V Power Wiring: Install according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables" unless otherwise indicated.
	3. Control and Signal Transmission Conductors: Install unshielded, twisted-pair cable unless otherwise indicated or if manufacturer recommends shielded cable, according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	4. Data and Television Signal Transmission Cables: Install according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

	D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
	E. Install power supplies and other auxiliary components for detection devices at control units unless otherwise indicated or required by manufacturer. Do not install such items near devices they serve.
	F. Identify components with engraved, laminated-plastic or metal nameplate for master control unit and each terminal cabinet, mounted with corrosion-resistant screws. Nameplates and label products are specified in Section 270553 "Identification for Co...

	3.3 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with identification requirements in Section 270553 "Identification for Communications Systems."
	B. Install instructions frame in a location visible from master control unit.

	3.4 GROUNDING
	A. Ground the master control unit and associated circuits; comply with IEEE 1100. Install a ground wire from main service ground to master control unit.
	B. Ground system components and conductor and cable shields to eliminate shock hazard and to minimize ground loops, common-mode returns, noise pickup, cross talk, and other impairments.
	C. Signal Ground Terminal: Locate at main equipment rack or cabinet. Isolate from power system and equipment grounding. Provide [5] <Insert value>-ohm ground. Measure, record, and report ground resistance.
	D. Install grounding electrodes of type, size, location, and quantity indicated. Comply with installation requirements in Section 270526 "Grounding and Bonding for Communications Systems."

	3.5 FIELD QUALITY CONTROL
	A. Pretesting: After installation, align, adjust, and balance system and perform complete pretesting to determine compliance of system with requirements in the Contract Documents. Correct deficiencies observed in pretesting. Replace malfunctioning or ...
	1. Report of Pretesting: After pretesting is complete, provide a letter certifying that installation is complete and fully operable; include names and titles of witnesses to preliminary tests.

	B. 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.

	C. Tests and Inspections: Comply with provisions in NFPA 731, Ch. 9, "Testing and Inspections."
	1. Inspection: Verify that units and controls are properly labeled and interconnecting wires and terminals are identified.
	2. Test Methods: Intrusion detection systems and other systems and equipment that are associated with detection and accessory equipment shall be tested according to Table "Test Methods" and Table "Test Methods of Initiating Devices."

	D. Documentation: Comply with provisions in NFPA 731, Ch. 4, "Documentation."
	E. Tag all equipment, stations, and other components for which tests have been satisfactorily completed.

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain the intrusion detection system. Comply with documentation provisions in NFPA 731, Ch. 4, "Documentation and User Training."



	284621.11 - Addressable Fire-Alarm Systems - Voice Evac
	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.
	2. Manual fire-alarm boxes.
	3. System smoke detectors.
	4. Heat detectors.
	5. Notification appliances.
	6. Remote annunciator.
	7. Addressable interface device.
	8. Digital alarm communicator transmitter.
	9. Network communications.
	10. Carbon Monoxide Detectors

	B. Related Requirements:
	1. Section 271513 "Communications Copper Horizontal Cabling" for cables and conductors for fire-alarm systems.


	1.3 DEFINITIONS
	A. EMT: Electrical Metallic Tubing.
	B. FACP: Fire Alarm Control Panel.
	C. HLI: High Level Interface.
	D. NICET: National Institute for Certification in Engineering Technologies.
	E. PC: Personal computer.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product, including furnished options and accessories.
	1. Include construction details, material descriptions, dimensions, profiles, and finishes.
	2. Include rated capacities, operating characteristics, and electrical characteristics.

	B. Shop Drawings: For fire-alarm system.
	1. Comply with recommendations and requirements in the "Documentation" section of the "Fundamentals" chapter in NFPA 72.
	2. Include plans, elevations, sections, details, and attachments to other work.
	3. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and locations. Indicate conductor sizes, indicate termination locations and requirements, and distinguish betwe...
	4. Detail assembly and support requirements.
	5. Include voltage drop calculations for notification-appliance circuits.
	6. Include battery-size calculations.
	7. Include input/output matrix.
	8. Include statement from manufacturer that all equipment and components have been tested as a system and meet all requirements in this Specification and in NFPA 72.
	9. Include performance parameters and installation details for each detector.
	10. Verify that each duct detector is listed for complete range of air velocity, temperature, and humidity possible when air-handling system is operating.
	11. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, drawn to scale; coordinate location of duct smoke detectors and access to them.
	a. Show critical dimensions that relate to placement and support of sampling tubes, detector housing, and remote status and alarm indicators.
	b. Locate detectors according to manufacturer's written recommendations.
	c. Show field wiring required for HVAC unit shutdown on alarm.

	12. Include voice/alarm signaling-service equipment rack or console layout, grounding schematic, amplifier power calculation, and single-line connection diagram.
	13. Include floor plans to indicate final outlet locations. Show size and route of cable and conduits and point-to-point wiring diagrams.

	C. General Submittal Requirements:
	1. 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.



	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer.
	1. Installer Qualifications: Personnel shall be trained and certified by the manufacturer for installation of units required for this Project.
	2. Installation shall be by personnel certified by NICET as fire-alarm Level I technician.
	3. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm company.

	B. Field quality-control reports.
	C. Manufacturer’s sample warranty

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For fire-alarm systems and components to include in emergency, operation, and maintenance manuals.
	1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	a. Comply with the "Records" section of the "Inspection, Testing and Maintenance" chapter in NFPA 72.
	b. Provide "Fire Alarm and Emergency Communications System Record of Completion Documents" according to the "Completion Documents" Article in the "Documentation" section of the "Fundamentals" chapter in NFPA 72.
	c. Complete wiring diagrams showing connections between all devices and equipment. Each conductor shall be numbered at every junction point with indication of origination and termination points.
	d. Riser diagram.
	e. Device addresses.
	f. Record copy of site-specific software.
	g. Provide "Inspection and Testing Form" according to the "Inspection, Testing and Maintenance" chapter in NFPA 72, and include the following:
	1) Equipment tested.
	2) Frequency of testing of installed components.
	3) Frequency of inspection of installed components.
	4) Requirements and recommendations related to results of maintenance.
	5) Manufacturer's user training manuals.

	h. Manufacturer's required maintenance related to system warranty requirements.
	i. Abbreviated operating instructions for mounting at fire-alarm control unit and each annunciator unit.



	1.7 MAINTENANCE MATERIAL SUBMITTALS
	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 Remote Indicating Lamp Units: Quantity equal to 10 percent of amount installed, but no fewer than one unit.
	2. Lamps for Strobe Units: Quantity equal to 10 percent of amount installed, but no fewer than one unit.
	3. Smoke Detectors: Quantity equal to 10 percent of amount of each type installed, but no fewer than one unit of each type.
	4. Detector Bases: Quantity equal to two percent of amount of each type installed, but no fewer than one unit of each type.
	5. Keys and Tools: One extra set for access to locked or tamperproofed components.
	6. Audible and Visual Notification Appliances: One of each type installed.
	7. Fuses: Two of each type installed in the system. Provided in a box or cabinet with compartments marked with fuse types and sizes.


	1.8 QUALITY ASSURANCE
	A. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm Level I technician.
	B. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm company.

	1.9 PROJECT CONDITIONS
	A. Use of Devices during Construction: Protect devices during construction unless devices are placed in service to protect the facility during construction.

	1.10 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: Three years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Noncoded, UL-certified addressable system, with multiplexed signal transmission and voice/strobe evacuation.
	B. Automatic sensitivity control of certain smoke detectors.
	C. All components provided shall be listed for use with the selected 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.

	2.2 SYSTEMS OPERATIONAL DESCRIPTION
	A. Fire-alarm signal initiation shall be by one or more of the following devices or systems:
	1. Manual stations.
	2. Heat detectors.
	3. Smoke detectors.
	4. Duct smoke detectors.
	5. Carbon monoxide detectors.
	6. Automatic sprinkler system water flow.
	7. Preaction system.
	8. Fire standpipe system.
	9. Fire pump running.

	B. Fire-alarm signal shall initiate the following actions:
	1. Continuously operate alarm notification appliances, including voice evacuation notices.
	2. Identify alarm and specific initiating device at fire-alarm control unit and remote annunciator.
	3. Transmit an alarm signal to the remote alarm receiving station.
	4. Unlock electric door locks in designated egress paths.
	5. Activate voice/alarm communication system.
	6. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode.
	7. Activate all lighting throughout as indicated on the drawing’s lighting sequence of operation schedule via a N.O. or N.C. relay.
	8. Close smoke dampers in air ducts of designated air-conditioning duct systems.
	9. Activate preaction system.
	10. Activate emergency lighting control.
	11. Record events in the system memory.

	C. Supervisory signal initiation shall be by one or more of the following devices and actions:
	1. Valve supervisory switch.
	2. User disabling of zones or individual devices.
	3. Loss of communication with any panel on the network.

	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 communication with any addressable sensor, input module, relay, control module, remote annunciator, or Ethernet module.
	4. Loss of primary power at fire-alarm control unit.
	5. Ground or a single break in internal circuits of fire-alarm control unit.
	6. Abnormal ac voltage at fire-alarm control unit.
	7. Break in standby battery circuitry.
	8. Failure of battery charging.
	9. Abnormal position of any switch at fire-alarm control unit or annunciator.
	10. Voice signal amplifier failure.

	E. System Supervisory Signal Actions:
	1. Initiate notification appliances.
	2. Identify specific device initiating the event at fire-alarm control unit and remote annunciator.
	3. After a time delay of 200 seconds, transmit a trouble or supervisory signal to the remote alarm receiving station.
	4. Transmit system status to building management system.


	2.3 FIRE-ALARM CONTROL UNIT
	A. Manufacturers:
	1. Pyrotronics, a Siemens Industry, Inc. company.

	B. General Requirements for Fire-Alarm Control Unit:
	1. Field-programmable, microprocessor-based, modular, power-limited design with electronic modules, complying with UL 864.
	a. System software and programs shall be held in nonvolatile flash, electrically erasable, programmable, read-only memory, 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.
	c. Provide communication between the FACP and remote circuit interface panels, annunciators, and displays.
	d. The FACP shall be listed for connection to a central station signaling system service.
	e. Provide nonvolatile memory for system database, logic, and operating system and event history. The system shall require no manual input to initialize in the event of a complete power down condition. The FACP shall provide a minimum 500-event histor...

	2. Addressable Initiation Device Circuits: The FACP shall indicate which communication zones have been silenced and shall provide selective silencing of alarm notification appliance by building communication zone.
	3. Addressable Control Circuits for Operation of Notification Appliances and Mechanical Equipment: The FACP shall be listed for releasing service.

	C. 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 a...
	1. Annunciator and Display: Liquid-crystal type, 80 characters, minimum.
	2. Keypad: Arranged to permit entry and execution of programming, display, and control commands.

	D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits:
	1. Pathway Class Designations: NFPA 72, Class B.
	2. Pathway Survivability: Level 0.
	3. Install no more than 50 addressable devices on each signaling-line circuit.
	4. Serial Interfaces:
	a. One dedicated RS 485 port for remote station operation using point ID DACT.
	b. One RS 485 port for remote annunciators, Ethernet module, or multi-interface module.
	c. One USB port for PC configuration.
	d. One RS 232 port for voice evacuation interface.


	E. Smoke-Alarm Verification:
	1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm control unit.
	2. Activate an approved "alarm-verification" sequence at fire-alarm control unit and detector.
	3. Sound general alarm if the alarm is verified.
	4. Cancel fire-alarm control unit indication and system reset if the alarm is not verified.

	F. Notification-Appliance Circuit:
	1. Audible appliances shall sound in a three-pulse temporal pattern, as defined in NFPA 72.
	2. Where notification appliances provide signals to sleeping areas, the alarm signal shall be a 520-Hz square wave with an intensity 15 dB above the average ambient sound level or 5 dB above the maximum sound level, or at least 75 dBA, whichever is gr...
	3. Visual alarm appliances shall flash in synchronization where multiple appliances are in the same field of view, as defined in NFPA 72.

	G. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory, and trouble signals to a remote alarm station.
	H. 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. Indicate 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.
	a. Allow the application of, and evacuation signal to, indicated number of zones and, at the 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.
	3. Preamplifiers, amplifiers, and tone generators shall automatically transfer to backup units, on primary equipment failure.

	I. 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 signals, supervisory and digital alarm communicator transmitters and digital...
	1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-supply module rating.

	J. Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and automatic transfer switch.
	1. Batteries: Sealed lead calcium.


	2.4 PREACTION SYSTEM
	A. Initiate Presignal Alarm: This function shall cause an audible and visual alarm and indication to be provided at the FACP. Activation of an initiation device connected as part of a preaction system shall be annunciated at the FACP only, without act...

	2.5 MANUAL FIRE-ALARM BOXES
	A. Manufacturers: Subject to compliance with requirements, undefined:
	1. Pyrotronics, a Siemens Industry, Inc. company.

	B. 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...
	1. Single-action mechanism, 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.


	2.6 SYSTEM SMOKE DETECTORS
	A. Manufacturers: Subject to compliance with requirements, undefined:
	1. Pyrotronics, a Siemens Industry, Inc. company.

	B. 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. Remote Control: Unless otherwise indicated, detectors shall be digital-addressable type, individually monitored at fire-alarm control unit for calibration, sensitivity, and alarm condition and individually adjustable for sensitivity by fire-alarm c...
	a. Multiple levels of detection sensitivity for each sensor.
	b. Sensitivity levels based on time of day.


	C. 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.).


	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 for smoke detection in HVAC system ducts.
	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: Fully programmable relay rated to interrupt fan motor-control circuit.


	2.7 HEAT DETECTORS
	A. Manufacturers: Subject to compliance with requirements, undefined:
	1. Pyrotronics, a Siemens Industry, Inc. company.

	B. General Requirements for Heat Detectors: Comply with UL 521.
	1. Temperature sensors shall test for and communicate the sensitivity range of the device.

	C. Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F (57 deg C) or a rate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated.
	1. Mounting: Adapter plate for outlet box mounting.
	2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or trouble) to fire-alarm control unit.


	2.8 NOTIFICATION APPLIANCES
	A. Manufacturers: Subject to compliance with requirements, undefined:
	1. Pyrotronics, a Siemens Industry, Inc. 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.
	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.

	C. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with clear or nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is engraved in minimum 1-inch- (25-mm-) high letters on the lens.
	1. Rated Light Output:
	a. 15/30/75/110 cd as indicated on the drawings.
	b. 15/30/75/110 cd, selectable in the field.

	2. Mounting: Wall mounted unless otherwise indicated.
	3. Flashing shall be in a temporal pattern, synchronized with other units.
	4. Strobe Leads: Factory connected to screw terminals.
	5. Mounting Faceplate: Factory finished, red.

	D. Voice/Tone Notification Appliances:
	1. Comply with UL 1480.
	2. Speakers for Voice Notification: Locate speakers for voice notification to provide the intelligibility requirements of the "Notification Appliances" and "Emergency Communications Systems" chapters in NFPA 72.
	3. High-Range Units: Rated 2 to 15 W.
	4. Low-Range Units: Rated 1 to 2 W.
	5. Mounting: Semi recessed or surface mounted and bidirectional.
	6. Matching Transformers: Tap range matched to acoustical environment of speaker location.

	E. Exit Marking Audible Notification Appliance:
	1. Exit marking audible notification appliances shall meet the audibility requirements in NFPA 72.
	2. Provide exit marking audible notification appliances at the entrance to all building exits.
	3. Provide exit marking audible notification appliances at the entrance to areas of refuge with audible signals distinct from those used for building exit marking.


	2.9 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,...
	1. Mounting: Flush cabinet, NEMA 250, Type 1.

	B. Display Type and Functional Performance: Alphanumeric display and LED indicating lights shall match those of fire-alarm control unit. Provide controls to acknowledge, silence, reset, and test functions for alarm, supervisory, and trouble signals.

	2.10 ADDRESSABLE INTERFACE DEVICE
	A. General:
	1. Include address-setting means on the module.
	2. Store an internal identifying code for control panel use to identify the module type.
	3. Listed for controlling HVAC fan motor controllers.

	B. Monitor Module: Microelectronic module providing a system address for alarm-initiating devices for wired applications with normally open contacts.
	C. Integral Relay: Capable of providing a direct signal.
	1. Allow the control panel to switch the relay contacts on command.
	2. Have a minimum of two normally open and two normally closed contacts available for field wiring.

	D. Control Module:
	1. Operate notification devices.
	2. Operate solenoids for use in sprinkler service.


	2.11 DIGITAL ALARM COMMUNICATOR TRANSMITTER
	A. Digital alarm communicator transmitter shall be acceptable to the remote central station and shall comply with UL 632.
	B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-alarm control unit and automatically capture one telephone line(s) and dial a preset number for a remote central station. When contact is made with centra...
	C. Central Station Notification is from the digital communicator in the building FACP to the existing Bosch central receiving equipment located in the Security Campus Office. The contractor shall provide the required connectivity. This shall comply wi...
	D. 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.

	E. 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.
	5. Loss of power.
	6. Low battery.
	7. Abnormal test signal.
	8. Communication bus failure.

	F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station.

	2.12 NETWORK COMMUNICATIONS
	A. Provide network communications for fire-alarm system according to fire-alarm manufacturer's written requirements.
	B. Provide network communications pathway per manufacturer's written requirements and requirements in NFPA 72 and NFPA 70.
	C. Provide integration gateway using BACnet for connection to building automation system.

	2.13 CARBON MONOXIDE DETECTORS
	A. General: Carbon monoxide detector listed for connection to fire-alarm system.
	1. Mounting: Adapter plate for outlet box mounting.
	2. Testable by introducing test carbon monoxide into the sensing cell.
	3. Detector shall provide alarm contacts and trouble contacts.
	4. Detector shall send trouble alarm when nearing end-of-life, power supply problems, or internal faults.
	5. Comply with UL 2075.
	6. Locate, mount, and wire according to manufacturer's written instructions.
	7. Provide means for addressable connection to fire-alarm system.
	8. Test button simulates an alarm condition.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions for compliance with requirements for ventilation, temperature, humidity, and other conditions affecting performance of the Work.
	1. Verify that manufacturer's written instructions for environmental conditions have been permanently established in spaces where equipment and wiring are installed, before installation begins.

	B. Examine roughing-in for electrical connections to verify actual locations of connections before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 EQUIPMENT INSTALLATION
	A. Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for installation and testing of fire-alarm equipment. Install all electrical wiring to comply with requirements in NFPA 70 including, but not limited to, Article 760...
	1. Devices placed in service before all other trades have completed cleanup shall be replaced.
	2. Devices installed but not yet placed in service shall be protected from construction dust, debris, dirt, moisture, and damage according to manufacturer's written storage instructions.

	B. Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm) above the finished floor.
	C. Manual Fire-Alarm Boxes:
	1. Install manual fire-alarm box in the normal path of egress within 60 inches (1520 mm) of the exit doorway.
	2. Mount manual fire-alarm box on a background of a contrasting color.
	3. The operable part of manual fire-alarm box shall be between 42 inches (1060 mm) and 48 inches (1220 mm) above floor level. All devices shall be mounted at the same height unless otherwise indicated.

	D. Smoke- or Heat-Detector Spacing:
	1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating Devices" chapter in NFPA 72, for smoke-detector spacing.
	2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating Devices" chapter in NFPA 72, for heat-detector spacing.
	3. Smooth ceiling spacing shall not exceed 30 feet (9 m).
	4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high ceiling areas shall be determined according to Annex A or Annex B in NFPA 72.
	5. HVAC: Locate detectors not closer than 36 inches (910 mm) from air-supply diffuser or return-air opening.
	6. Lighting Fixtures: Locate detectors not closer than 12 inches (300 mm) from any part of a lighting fixture and not directly above pendant mounted or indirect lighting.

	E. Install a cover on each smoke detector that is not placed in service during construction. Cover shall remain in place except during system testing. Remove cover prior to system turnover.
	F. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they extend the full width of duct. Tubes more than 36 inches (9100 mm) long shall be supported at both ends.
	1. Do not install smoke detector in duct smoke-detector housing during construction. Install detector only during system testing and prior to system turnover.

	G. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and location. Do not install smoke detectors in sprinklered elevator shafts.
	H. Single-Station Smoke Detectors: Where more than one smoke alarm is installed within a dwelling or suite, they shall be connected so that the operation of any smoke alarm causes the alarm in all smoke alarms to sound.
	I. Remote Status and Alarm Indicators: Install in a visible location near each smoke detector, sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal viewing position.
	J. Audible Alarm-Indicating Devices: Install not less than 6 inches (150 mm) below the ceiling. Install bells and horns on flush-mounted back boxes with the device-operating mechanism concealed behind a grille. Install all devices at the same height u...
	K. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least 6 inches (150 mm) below the ceiling. Install all devices at the same height unless otherwise indicated.
	L. Device Location-Indicating Lights: Locate in public space near the device they monitor.
	M. Antenna for Radio Alarm Transmitter: Mount to building structure where indicated. Use mounting arrangement and substrate connection that resists 100-mph (160-km/h) wind load with a gust factor of 1.3 without damage.

	3.3 PATHWAYS
	A. Pathways shall be installed in EMT.
	B. Exposed EMT shall be painted red enamel.

	3.4 CONNECTIONS
	A. Make addressable connections with a supervised interface device to the following devices and systems. Install the interface device less than 36 inches (910 mm) from the device controlled. Make an addressable confirmation connection when such feedba...
	1. Smoke dampers in air ducts of designated HVAC duct systems.
	2. Alarm-initiating connection to activate emergency lighting control.
	3. Supervisory connections at valve supervisory switches.
	4. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system.
	5. Data communication circuits for connection to mass notification system.


	3.5 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 270553 "Identification for Communications Systems."
	B. Install framed instructions in a location visible from fire-alarm control unit.

	3.6 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.
	B. Ground shielded cables at the control panel location only. Insulate shield at device location.

	3.7 FIELD QUALITY CONTROL
	A. Field tests shall be witnessed by authorities having jurisdiction. The owner or designated representative shall be given the opportunity to witness all tests.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	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 the "Completion Documents, Preparation" table in the "Documentation" section of the "Fundamentals" chapter in NFPA 72.
	b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section of the "Inspection, Testing and Maintenance" chapter in NFPA 72; retain the "Initial/Reacceptance" column and list only the installed components.

	2. System Testing: Comply with the "Test Methods" table in the "Testing" section of the "Inspection, Testing and Maintenance" chapter in NFPA 72.
	3. Factory-authorized service representative shall prepare the "Fire Alarm System Record of Completion" in the "Documentation" section of the "Fundamentals" chapter in NFPA 72 and the "Inspection and Testing Form" in the "Records" section of the "Insp...

	D. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or replaced devices and appliances.
	E. Fire-alarm system will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.
	G. 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.

	3.8 MAINTENANCE SERVICE
	A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' full maintenance by skilled employees of manufacturer's designated service organization renewable in yearly increments. Include preventiv...
	1. Include visual inspections according to the "Visual Inspection Frequencies" table in the "Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72.
	2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72.
	3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72.


	3.9 WARRANTY
	A. The Contractor shall warrant the complete fire alarm system wiring and equipment to be free from inherent mechanical and electrical defects for a period of 3 years specified herein from the date of placing the completed system in operation. The con...

	3.10 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain fire-alarm system.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Dry-installed drilled piers.
	2. Slurry displacement-installed drilled piers.
	3. Dry-installed or slurry displacement-installed drilled piers at Contractor's choice.


	1.2 UNIT PRICES
	A. Drilled Piers: Actual net volume of drilled piers in place and approved. Actual length, shaft diameter, and bell diameter if applicable, may vary, to coincide with elevations where satisfactory bearing strata are encountered. These dimensions may a...
	1. Base bids on indicated number of drilled piers and, for each pier, the design length from top elevation to bottom of shaft, extended through the bell, if applicable, and the diameter of shaft and bell.
	2. Unit prices include labor, materials, tools, equipment, and incidentals required for excavation, trimming, shoring, casings, dewatering, reinforcement, concrete fill, testing and inspecting, and other items for complete drilled-pier installation.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Design Mixtures: For each concrete mixture. Submit alternative design mixtures when characteristics of materials, Project conditions, weather, test results, or other circumstances warrant adjustments.
	1. Indicate amounts of mixing water to be withheld for later addition at Project site.

	C. Shop Drawings: For concrete reinforcement, detailing fabricating, bending, supporting, and placing.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer professional engineer and testing agency.
	B. Welding certificates.
	C. Material Certificates: From manufacturer, for the following:
	1. Cementitious materials.
	2. Admixtures.
	3. Steel reinforcement and accessories.

	D. Material Test Reports: For each material below, by a qualified testing agency:
	1. Aggregates: Include service record data indicating absence of deleterious expansion of concrete due to alkali aggregate reactivity.

	E. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Record drawings.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications: An experienced installer that has specialized in drilled-pier work.
	B. Testing Agency Qualifications: Qualified according to ASTM C1077, ASTM D3740, and ASTM E329 for testing indicated.
	C. Welding Qualifications: Qualify procedures and personnel according to the following:
	1. AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	2. AWS D1.4/D1.4M, "Structural Welding Code - Reinforcing Steel."


	1.7 FIELD CONDITIONS
	A. Existing Utilities: Locate existing underground utilities before excavating drilled piers. If utilities are to remain in place, provide protection from damage during drilled-pier operations.
	1. Should uncharted or incorrectly charted piping or other utilities be encountered during excavation, adapt drilling procedure if necessary to prevent damage to utilities. Cooperate with Owner and utility companies in keeping services and facilities ...

	B. Interruption of Existing Utilities: Do not interrupt any utility to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary utility according to requirements indicated:
	1. Notify Owner no fewer than two days in advance of proposed interruption of utility.
	2. Do not proceed with interruption of utility without Owner's written permission.

	C. Project-Site Information: A geotechnical report has been prepared for this Project and is available for information only. The opinions expressed in this report are those of geotechnical engineer and represent interpretations of subsoil conditions, ...
	1. Make additional test borings and conduct other exploratory operations necessary for drilled piers.
	2. The geotechnical report is referenced elsewhere in the Project Manual.

	D. Survey Work: Engage a qualified land surveyor or professional engineer to perform surveys, layouts, and measurements for drilled piers. Before excavating, lay out each drilled pier to lines and levels required. Record actual measurements of each dr...
	1. Record and maintain information pertinent to each drilled pier and indicate on record Drawings. Cooperate with Owner's testing and inspecting agency to provide data for required reports.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Drilled-Pier Standard: Comply with ACI 336.1 except as modified in this Section.

	2.2 STEEL REINFORCEMENT
	A. Reinforcing Bars: ASTM A615/A615M, Grade 60, deformed.
	B. Low-Alloy-Steel Reinforcing Bars: ASTM A706/A706M, deformed.
	C. Plain and Deformed Steel Wire: ASTM A1064/A1064M, as drawn.
	D. Joint Dowel Bars: ASTM A615/A615M, Grade 60, plain. Cut bars true to length with ends square and free of burrs.

	2.3 CONCRETE MATERIALS
	A. Cementitious Material: Use the following cementitious materials, of same type, brand, and source, throughout Project:
	1. Portland Cement: ASTM C150/C150M, Type I/II.[ Supplement with the following:]
	a. Fly Ash: ASTM C618, [Class C] [Class F].
	b. Ground Granulated Blast-Furnace Slag: ASTM C989, Grade 100 or 120.


	B. Normal-Weight Aggregate: ASTM C33/C33M, graded, 3/4-inch- nominal maximum coarse-aggregate size. Provide aggregate from a single source.
	1. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement.

	C. Water: ASTM C94/C94M and potable.
	D. Chemical Admixtures: Provide admixtures certified by manufacturer to be compatible with other admixtures and that do not contribute water-soluble chloride ions exceeding those permitted in hardened concrete. Do not use calcium chloride or admixture...
	1. Water-Reducing Admixture: ASTM C494/C494M, Type A.
	2. Water-Reducing and Retarding Admixture: ASTM C494/C494M, Type D.
	3. High-Range, Water-Reducing and Retarding Admixture: ASTM C494/C494M, Type G.
	4. Plasticizing and Retarding Admixture: ASTM C1017/C1017M, Type II.

	E. Sand-Cement Grout: Portland cement, ASTM C150/C150M, Type II; clean natural sand, ASTM C404; and water to result in grout with a minimum 28-day compressive strength of 1000 psi, of consistency required for application.

	2.4 STEEL CASINGS
	A. Steel Pipe Casings: ASTM A283/A283M, Grade C, or ASTM A36/A36M, carbon-steel plate, with joints full-penetration welded according to AWS D1.1/D1.1M.
	B. Corrugated-Steel Pipe Casings: ASTM A929/A929M, steel sheet, zinc coated.
	C. Liners: Comply with ACI 336.1.

	2.5 SLURRY
	A. Slurry:  Pulverized bentonite, pulverized attapulgite, or polymers mixed with water to form stable colloidal suspension; complying with ACI 336.1 for density, viscosity, sand content, and pH.

	2.6 CONCRETE MIXTURES
	A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of laboratory trial mixture or field test data, or both, according to ACI 301.
	B. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than portland cement according to ACI 301 limits as if concrete were exposed to deicing chemicals.
	C. Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of cement.
	D. Proportion normal-weight concrete mixture as follows:
	1. Compressive Strength (28 Days):  6000 psi.
	2. Maximum Water-Cementitious Materials Ratio:  0.50.
	3. Minimum Slump: Capable of maintaining the following slump until completion of placement:
	a. 4 inches for dry, uncased, or permanent-cased drilling method.
	b. 6 inches for temporary-casing drilling method.
	c. 7 inches for slurry displacement method.

	4. Air Content: Do not air entrain concrete.


	2.7 REINFORCEMENT FABRICATION
	A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice."

	2.8 CONCRETE MIXING
	A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM C94/C94M, and furnish batch ticket information.
	1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and delivery time to 60 minutes.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, lateral movement, vibration, and other hazards created by drilled-pier operations.

	3.2 EXCAVATION
	A. Unclassified Excavation: Excavate to bearing elevations regardless of character of surface and subsurface conditions encountered. Unclassified excavated materials may include rock, soil materials, and obstructions.
	1. Obstructions: Unclassified excavation may include removal of unanticipated boulders, concrete, masonry, or other subsurface obstructions. No changes in the Contract Sum or the Contract Time are authorized for removal of obstructions.
	2. Obstructions: Unclassified excavated materials may include removal of unanticipated boulders, concrete, masonry, or other subsurface obstructions. Payment for removing obstructions that cannot be removed by conventional augers fitted with soil or r...

	B. Classified Excavation: Excavation is classified as standard excavation, special excavation, and obstruction removal and includes excavation to bearing elevations as follows:
	1. Standard excavation includes excavation accomplished with conventional augers fitted with soil or rock teeth, drilling buckets, or underreaming tools attached to drilling equipment of size, power, torque, and downthrust necessary for the Work.
	2. Special excavation includes excavation that requires special equipment or procedures where drilled-pier excavation equipment used in standard excavation, operating at maximum power, torque, and downthrust, cannot advance the shaft.
	a. Special excavation requires use of special rock augers, core barrels, air tools, blasting, or other methods of hand excavation.
	b. Earth seams, rock fragments, and voids included in rock excavation area are considered rock for full volume of shaft from initial contact with rock.

	3. Obstructions: Payment for removing unanticipated boulders, concrete, masonry, or other subsurface obstructions that cannot be removed by conventional augers fitted with soil or rock teeth, drilling buckets, or underreaming tools attached to drillin...

	C. Prevent surface water from entering excavated shafts. Conduct water to site drainage facilities.
	D. Excavate shafts for drilled piers to indicated elevations. Remove loose material from bottom of excavation.
	1. Excavate bottom of drilled piers to level plane within 1:12 tolerance.
	2. Remove water from excavated shafts before concreting.
	3. Excavate rock sockets of dimensions indicated.
	4. Cut series of grooves about perimeter of shaft to height from bottom of shaft, vertical spacing, and dimensions indicated.

	E. Notify and allow testing and inspecting agency to test and inspect bottom of excavation. If unsuitable bearing stratum is encountered, make adjustments to drilled piers as determined by Architect.
	1. Do not excavate shafts deeper than elevations indicated unless approved by Architect.
	2. Payment for additional authorized excavation is according to Contract provisions for changes in the Work.

	F. End-Bearing Drilled Piers: Probe with auger to a depth below bearing elevation, equal to diameter of the bearing area of drilled pier. Determine whether voids, clay seams, or solution channels exist.
	1. Test first three drilled piers and one of every six drilled piers thereafter.
	2. Fill augur-probe holes with grout.

	G. End-Bearing Drilled Piers: Probe with auger to a depth of 96 inches below bottom elevation of shaft, and visually inspect and classify soil. Verify continuity and thickness of strata.
	1. Test first three drilled piers and one of every six drilled piers thereafter.

	H. Excavate shafts for closely spaced drilled piers and for drilled piers occurring in fragile or sand strata only after adjacent drilled piers are filled with concrete and allowed to set.
	I. Slurry Displacement Method: Stabilize excavation with slurry maintained a minimum of 60 inches above ground-water level and above unstable soil strata to prevent caving or sloughing of shaft. Maintain slurry properties before concreting.
	1. Excavate and complete concreting of drilled pier on same day, or redrill, clean, and test slurry in excavation before concreting.

	J. Temporary Casings: Install watertight steel casings of sufficient length and thickness to prevent water seepage into shaft; to withstand compressive, displacement, and withdrawal stresses; and to maintain stability of shaft walls.
	1. Remove temporary casings, maintained in plumb position, during concrete placement and before initial set of concrete, or leave temporary casings in place.

	K. Bells: Excavate bells for drilled piers to shape, base thickness, and slope angle indicated. Excavate bottom of bells to level plane and remove loose material before placing concrete.
	1. Shore bells in unstable soil conditions to prevent cave-in during excavation, inspection, and concreting.

	L. Tolerances: Construct drilled piers to remain within ACI 336.1 tolerances.
	1. If location or out-of-plumb tolerances are exceeded, provide corrective construction. Submit corrective construction proposals to Architect for review before proceeding.


	3.3 PERMANENT STEEL CASING INSTALLATION
	A. Install permanent steel casings of minimum wall thickness indicated and of diameter not less than diameter of drilled pier.
	1. Install casings as excavation proceeds, to maintain sidewall stability.
	2. Fabricate bottom edge of lowest casing section with cutting shoe capable of penetrating rock and achieving water seal.
	3. Connect casing sections by continuous penetration welds to form watertight, continuous casing.
	4. Remove and replace or repair casings that have been damaged during installation and that could impair strength or efficiency of drilled pier.
	5. Fill annular void between casing and shaft wall with grout.

	B. Corrugated-Steel Casings: Provide corrugated-steel casings formed from zinc-coated steel sheet.
	1. Corrugated casings may be delivered in sections or panels of convenient length and field connected according to manufacturer's written instructions.


	3.4 STEEL REINFORCEMENT INSTALLATION
	A. Comply with recommendations in CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting reinforcement.
	B. Clean reinforcement of loose rust and mill scale, earth, and other materials that reduce or destroy bond with concrete.
	C. Fabricate and install reinforcing cages symmetrically about axis of shafts in a single unit.
	D. Accurately position, support, and secure reinforcement against displacement during concreting. Maintain minimum cover over reinforcement.
	E. Use templates to set anchor bolts, leveling plates, and other accessories furnished in work of other Sections. Provide blocking and holding devices to maintain required position during final concrete placement.
	F. Protect exposed ends of extended reinforcement, dowels, or anchor bolts from mechanical damage and exposure to weather.

	3.5 CONCRETE PLACEMENT
	A. Place concrete in continuous operation and without segregation immediately after inspection and approval of shaft by a qualified Special Inspector or testing agency.
	1. Construct a construction joint if concrete placement is delayed more than one hour. Level top surface of concrete and insert joint dowel bars. Before placing remainder of concrete, clean surface laitance, roughen, and slush concrete with commercial...

	B. Dry Method: Place concrete to fall vertically down the center of drilled pier without striking sides of shaft or steel reinforcement.
	1. Where concrete cannot be directed down shaft without striking reinforcement, place concrete with chutes, tremies, or pumps.
	2. Vibrate top 60 inches of concrete.

	C. Slurry Displacement Method: Place concrete in slurry-filled shafts by tremie methods or pumping. Control placement operations to ensure that tremie or pump pipe is embedded no less than 60 inches into concrete and that flow of concrete is continuou...
	D. Coordinate withdrawal of temporary casings with concrete placement to maintain at least a 60-inch head of concrete above bottom of casing.
	1. Vibrate top 60 inches of concrete after withdrawal of temporary casing.

	E. Screed concrete at cutoff elevation level and apply scoured, rough finish. Where cutoff elevation is above the ground elevation, form top section above grade and extend shaft to required elevation.
	F. Protect concrete work, according to ACI 301, from frost, freezing, or low temperatures that could cause physical damage or reduced strength.
	1. Do not use frozen materials or materials containing ice or snow. Do not place concrete on frozen subgrade or on subgrade containing frozen materials.
	2. Do not use calcium chloride, salt, or other mineral-containing antifreeze agents or chemical accelerators.

	G. If hot-weather conditions exist that would seriously impair quality and strength of concrete, place concrete according to ACI 301 to maintain delivered temperature of concrete at no more than 90 deg F.
	1. Place concrete immediately on delivery. Keep exposed concrete surfaces and formed shaft extensions moist by fog sprays, wet burlap, or other effective means for a minimum of seven days.


	3.6 FIELD QUALITY CONTROL
	A. Special Inspections:  Owner will engage a qualified special inspector to perform the following special inspections:
	1. Drilled piers.
	2. Excavation.
	3. Concrete.
	4. Steel reinforcement welding.

	B. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections.
	C. Drilled-Pier Tests and Inspections: For each drilled pier, before concrete placement.
	1. Soil Testing: Bottom elevations, bearing capacities, and lengths of drilled piers indicated have been estimated from available soil data. Actual elevations and drilled-pier lengths and bearing capacities are determined by testing and inspecting age...
	a. Bearing Stratum Tests: Testing agency takes undisturbed core samples from drilled-pier bottoms; tests each sample for compression, moisture content, and density; and reports results and evaluations.


	D. Concrete Tests and Inspections: ASTM C172/C172M except modified for slump to comply with ASTM C94/C94M.
	1. Slump: ASTM C143/C143M; one test at point of placement for each compressive-strength test but no fewer than one test for each concrete load.
	2. Concrete Temperature: ASTM C1064/C1064M; one test hourly when air temperature is 40 deg F and below and 80 deg F and above, and one test for each set of compressive-strength specimens.
	3. Compression Test Specimens: ASTM C31/C31M; one set of four standard cylinders for each compressive-strength test unless otherwise indicated. Mold and store cylinders for laboratory-cured test specimens unless field-cured test specimens are required.
	4. Compressive-Strength Tests: ASTM C39/C39M; one set for each drilled pier but not more than one set for each truck load. Test one specimen at seven days, test two specimens at 28 days, and retain one specimen in reserve for later testing if required.
	5. If frequency of testing provides fewer than five strength tests for a given class of concrete, conduct tests from at least five randomly selected batches or from each batch if fewer than five are used.
	6. If strength of field-cured cylinders is less than 85 percent of companion laboratory-cured cylinders, Contractor is to evaluate operations and provide corrective procedures for protecting and curing in-place concrete.
	7. Strength of each concrete mixture is satisfactory if every average of any three consecutive compressive-strength tests equals or exceeds specified compressive strength and no compressive-strength test value falls below specified compressive strengt...
	8. Report test results in writing to Architect, concrete manufacturer, and Contractor within 48 hours of testing. List Project identification name and number, date of concrete placement, name of concrete testing and inspecting agency, location of conc...
	9. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may be permitted by Architect but not be used as sole basis for approval or rejection of concrete.
	10. Additional Tests: Testing and inspecting agency to make additional tests of concrete if test results indicate that slump, compressive strengths, or other requirements have not been met, as directed by Architect.
	a. Continuous coring of drilled piers may be required, at Contractor's expense, if temporary casings have not been withdrawn within specified time limits or if observations of placement operations indicate deficient concrete quality, presence of voids...

	11. Perform additional testing and inspecting, at Contractor's expense, to determine compliance of replaced or additional work with specified requirements.
	12. Correct deficiencies in the Work that test reports and inspections indicate do not comply with the Contract Documents.

	E. An excavation, concrete, or a drilled pier will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports for each drilled pier as follows:
	1. Actual top and bottom elevations.
	2. Actual drilled-pier diameter at top, bottom, and bell.
	3. Top of rock elevation.
	4. Description of soil materials.
	5. Description, location, and dimensions of obstructions.
	6. Final top centerline location and deviations from requirements.
	7. Variation of shaft from plumb.
	8. Shaft excavating method.
	9. Design and tested bearing capacity of bottom.
	10. Depth of rock socket.
	11. Levelness of bottom and adequacy of cleanout.
	12. Properties of slurry and slurry test results at time of slurry placement and at time of concrete placement.
	13. Ground-water conditions and water-infiltration rate, depth, and pumping.
	14. Description, purpose, length, wall thickness, diameter, tip, and top and bottom elevations of temporary or permanent casings. Include anchorage and sealing methods used and condition and weather tightness of splices if any.
	15. Description of soil or water movement, sidewall stability, loss of ground, and means of control.
	16. Bell dimensions and variations from original design.
	17. Date and time of starting and completing excavation.
	18. Inspection report.
	19. Condition of reinforcing steel and splices.
	20. Position of reinforcing steel.
	21. Concrete placing method, including elevation of consolidation and delays.
	22. Elevation of concrete during removal of casings.
	23. Locations of construction joints.
	24. Concrete volume.
	25. Concrete testing results.
	26. Remarks, unusual conditions encountered, and deviations from requirements.


	3.7 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.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes pad-mounted, liquid-filled, medium-voltage distribution transformers.

	1.2 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For pad-mounted, liquid-filled, medium-voltage transformers.
	1. Include plans and elevations showing major components and features.
	2. Include single-line diagram.
	3. Manufacturer's published time-current curves of the transformer high-voltage fuses, with transformer damage curve, inrush curve, and thru fault current indicated.


	1.3 INFORMATIONAL SUBMITTALS
	A. Source quality-control reports.
	B. Field quality-control reports.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.



	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	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 IEEE C2.
	C. Comply with IEEE C57.12.00.

	2.2 MANUFACTURERS
	A. Cooper
	B. Howard
	C. General Electric

	2.3 PERFORMANCE REQUIREMENTS
	A. Windings Material: Aluminum.
	B. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, fully shielded, separable-elbow type, suitable for plugging into the inserts provided in the high-voltage section of the transformer. Connected in each phase o...
	C. Winding Connections: The connection of windings and terminal markings shall comply with IEEE C57.12.70.
	D. Insulation: Transformer kVA rating shall be as follows: The average winding temperature rise above a 30 deg C ambient temperature shall not exceed 65 deg C and 80 deg C hottest-spot temperature rise at rated kVA when tested according to IEEE C57.12...
	E. Tap Changer: External handle, for de-energized operation.
	F. Enclosure Integrity: Comply with IEEE C57.12.28 for pad-mounted enclosures that contain energized electrical equipment in excess of 600 V that may be exposed to the public.
	G. Mounting: An integral skid mounting frame, suitable to allow skidding or rolling of transformer in any direction, and with provision for anchoring frame to pad.
	H. Insulating Liquids:
	1. Natural Ester Oil: EnviroTemp FR3 ASTM D 6871.

	I. Corrosion Protection:
	1. Transformer coating system shall be factory applied, complying with requirements of IEEE C57.12.28, in manufacturer's standard color green.


	2.4 THREE-PHASE TRANSFORMERS
	A. Description:
	1. 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.
	2. Comply with IEEE C57.12.26.

	B. Compartment Construction:
	1. Double-Compartment Construction: Individual compartments for high- and low-voltage sections, formed by steel isolating barriers that extend full height and depth of compartments, with hinged, lift-off doors and three-point latching, with a stop in ...

	C. Primary Fusing: Designed and rated to provide thermal protection of transformer by sensing overcurrent and high liquid temperature.
	1. 150-kV BIL current-limiting fuses, conforming to requirements of IEEE C37.47.
	2. Interrupting Rating: 50,000 rms A symmetrical at system voltage.
	3. Fuse Assembly: Bayonet-type, liquid-immersed, expulsion fuses in series with liquid-immersed, partial-range, current-limiting fuses. Bayonet fuse shall sense both high currents and high oil temperature to provide thermal protection to the transformer.
	4. Provide bayonet fuse assembly with an oil retention valve and an external drip shield inside the housing to eliminate or minimize oil spills. Valve shall close when fuse holder is removed and an external drip shield is installed.
	5. Provide a conspicuously displayed warning adjacent to bayonet fuse(s), cautioning against removing or inserting fuses unless transformer has been de-energized and tank pressure has been released.

	D. High-Voltage Section: Dead-front design.
	1. To connect primary cable, use separable insulated connectors; coordinated with and complying with requirements of Section 260513 "Medium-Voltage Cables." Bushings shall be one-piece units, with ampere and BIL ratings the same as connectors.
	2. Bushing inserts:
	a. Feed Through, Conform to the requirements of IEEE 386.
	b. Rated at 200 A, with voltage class matching connectors. Provide a parking stand near each bushing well. Parking stands shall be equipped with insulated standoff bushings for parking of energized load-break elbow connectors on parking stands.
	c. Provide insulated protective caps for insulating and sealing out moisture from unused bushing inserts and insulated standoff bushings.

	3. Access to liquid-immersed fuses.
	4. Dead-front MOV surge arresters.
	5. Tap-changer operator.
	6. Stainless Ground pad.

	E. Low-Voltage Section:
	1. Bushings with spade terminals drilled for terminating the number of conductors indicated on the Drawings, and the lugs that comply with requirements of Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	2. Provisions for spade mounted Current Transformers (CT)
	3. Removable neutral-ground strap
	4. Stainless Ground pad.

	F. Capacities and Characteristics:
	1. Power Rating (kVA): 300.
	2. Voltage Ratings: 12470 Delta V -  208Y/120 V.
	3. Taps: 2 @ 2.5% above and 2 @ 2.5% below nominal
	4. Transformer BIL (kV): 95
	5. Minimum Tested Impedance (Percent at 85 deg C): 2.50.

	G. Transformer Accessories:
	1. Drain and filter connection.
	2. Filling and top filter press connections.
	3. Pressure-vacuum gauge.
	4. Dial-type analog thermometer.
	5. Magnetic liquid level indicator.
	6. Automatically resetting pressure-relief device. Device flow shall be as recommended by manufacturer.
	7. Stainless-steel ground connection pads.
	8. Machine-engraved nameplate, made of anodized aluminum or stainless steel.


	2.5 SERVICE CONDITIONS
	A. Transformers shall be suitable for operation under service conditions specified as usual service conditions in IEEE C57.12.00.

	2.6 WARNING LABELS AND SIGNS
	A. Comply with requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."
	1. High-Voltage Warning Label: Provide self-adhesive warning signs on outside of high-voltage compartment door(s). Sign legend shall be "DANGER HIGH VOLTAGE" printed in two lines of nominal 2-inch- (50-mm)-high letters. The word "DANGER" shall be in w...
	2. Arc Flash Warning Label: Provide self-adhesive warning signs on outside of high-voltage and secondary compartment door(s), warning of potential electrical arc flash hazards and appropriate personal protective equipment required.


	2.7 SOURCE QUALITY CONTROL
	A. Provide manufacturer's certificate that the transformer design tests comply with IEEE C57.12.90.
	1. Perform the following factory-certified routine tests on each transformer for this Project:
	a. Resistance.
	b. Turns ratio, polarity, and phase relation.
	c. Transformer no-load losses and excitation current at 100 percent of ratings.
	d. Transformer impedance voltage and load loss.
	e. Operation of all devices.
	f. Lightning impulse.
	g. Low frequency.
	h. Leak.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and space conditions for compliance with requirements for pad-mounted, liquid-filled, medium-voltage transformers and other conditions affecting performance of the Work.
	B. Examine roughing-in of conduits and grounding systems to verify the following:
	1. Wiring entries comply with layout requirements.
	2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will cross section barriers to reach load or line lugs.

	C. Provide concrete bases for suitable conditions for transformer installation.
	D. Verify that ground connections are in place and that requirements in Section 260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at transformer location.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install transformers on cast-in-place concrete equipment base. Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete.
	B. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and IEEE C2.

	3.3 CONNECTIONS
	A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	1. For counterpoise, use tinned bare copper cable not smaller than No. 4/0 AWG, buried not less than 30 inches (765 mm) below grade interconnecting the grounding electrodes. Bond surge arrester and neutrals directly to transformer enclosure and then t...
	2. Fence and equipment connections shall not be smaller than No. 4 AWG. Ground fence at each gate post and corner post and at intervals not exceeding 10 ft. (3050 mm). Bond each gate section to fence post using 1/8 by 1 inch (3 by 25 mm) [tinned] flex...
	3. Make joints in grounding conductors and loops by exothermic weld or compression connector.
	4. Terminate all grounding and bonding conductors on a common equipment grounding terminal on transformer enclosure.
	5. Complete transformer tank grounding and lightning arrester connections prior to making any other electrical connections.

	B. Terminate medium-voltage cables in incoming section of transformers according to Section 260513 "Medium-Voltage Cables."

	3.4 SIGNS AND LABELS
	A. Comply with installation requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."
	B. Install warning signs as required to comply with 29 CFR 1910.269.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Perform the following tests and inspections:
	1. General Field-Testing Requirements:
	a. Comply with provisions of NFPA 70B Ch. "Testing and Test Methods."
	b. After installing transformer but before primary is energized, verify that grounding system at the transformer is tested at specified value or less.



	3.6 DEMONSTRATION
	A.  Train Owner's maintenance personnel to adjust, operate, and maintain systems.






