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SECTION 26 05 01- GENERAL ELECTRICAL REQUIREMENTS 

PART 1 - GENERAL 
 
1.1 GENERAL 
 

A. Provide all labor, materials, equipment and services necessary for and incidental to the complete 
installation and operation of all electrical work. 

 
B. All work under this Division is subject to the General Conditions and Special Requirements for the 

entire contract. 
 

C. Unless otherwise specified, all shop drawings and submissions required under Division 26 shall 
be made to, and acceptances and approvals made by, the ENGINEER. 

 
D. Conform to the requirements of all rules, regulations, and codes of local, state, and federal au-

thorities having jurisdiction.  Conform to the National Electrical Code and all NECA – National 
Electrical Installation Standards (NEIS). 

 
E. Perform the work in a first-class, substantial, and workmanlike manner.  Any materials installed 

which do not present an orderly and neat workmanlike appearance shall be removed and re-
placed when so directed by the Engineer, at the Contractor's expense. 

 
F. Coordinate the work of all trades. 

 
G. Arrange conduit, wiring, equipment, and other work generally as shown, providing proper clear-

ances and access.  Carefully examine all contract drawings and fit the work in each location with-
out substantial alteration.  Where departures are proposed because of field conditions or other 
causes, prepare and submit detailed drawings for approval in accordance with “Submittals” speci-
fied below.  The right is reserved to make reasonable changes in location of equipment, conduit, 
and wiring up to the time of rough-in or fabrication. 

 
H. The contract drawings are generally diagrammatic and all offsets, bends, fittings, and accessories 

are not necessarily shown.  Provide all such items as may be required to fit the work to the condi-
tions. 

 
I. Be responsible for all construction means, methods, techniques, procedures, and phasing se-

quences used in the work.  Furnish all tools, equipment and materials necessary to properly per-
form the work in a first class, substantial, and workmanlike manner, in accordance with the full in-
tent and meaning of the Contract Documents. 

 
J. The Contractor shall provide other work and services not otherwise included in the Contract Doc-

uments that are customarily forwarded in accordance with generally-accepted construction prac-
tices. 

1.2  PERMITS, INSPECTIONS, AND FEES: 
 

1. The Contractor shall obtain and pay for all charges and fees, and deliver all permits, licenses, 
certificates of inspection, etc., required by the authorities having jurisdiction.  Deliver inspection, 
approval, and other certificates to the Owner prior to final acceptance of the work. 

 
 B. File necessary plans, prepare documents, give proper notices, and obtain necessary approvals. 
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 C. Permits and fees shall comply with the General Requirements of the Specification. 
  
 D. The Owner will pay for the building permit. 
 

E. Notify Inspection Authorities to schedule inspections of work.  All work shall be subject to field in-
spections. 

 
 F. Notify Architect in advance of scheduled inspections. 
 

G. An electrical foreman, superintendent or other supervisor shall be in attendance for all scheduled 
inspections. 

 
H. The Contractor shall provide an electrical certificate from an independent electrical inspection 

agency approved by the Owner and the State Fire Marshal.  The Contractor shall submit certifi-
cate prior to final payment invoice.  The Contractor shall pay all fees, including filing fees. 
 

1.3  ELECTRICAL WORK UNDER OTHER DIVISIONS: 
 

A. Mechanical Equipment and Systems 
 
  1. In general, power wiring and motor starting equipment for mechanical equipment and 

systems are furnished and installed under Electrical Division 26. 
 
  2. Certain mechanical units contain starters, contacts, transformers, fuses, wiring, etc., re-

quired for fans, pumps, etc., furnished with the equipment from the factory.  When this 
equipment is supplied from the factory, the Contractor must supply power circuit(s) to the 
unit and a disconnecting means.  Coordinate with Contractor so that one, and only one, 
set of starters, fuses, switches, etc., is provided and installed. 

 
  3. In general, control and interlock equipment for HVAC systems (including associated wir-

ing, conduit, transformers, relays, contacts, etc.) is furnished under Mechanical Divisions.  
Contractor shall install and connect all such equipment as necessary. 

 
  4. Controls, wiring, conduit, transformers, etc., for smoke, fire, and motor-operated dampers 

are provided by Mechanical Contractor.  Electrical shall install and connect all such 
equipment. 

 
 B. Architectural Equipment:  In general, any electrically operated or controlled equipment furnished 

under architectural divisions shall be supplied with control wiring, transformers, contacts, etc.  
Contractor shall provide power circuits to such equipment and install all electrical control equip-
ment related thereto. 

 
 C. Carefully review the contract documents and coordinate the electrical work under the various Di-

visions. 

1.4  CONTRACTOR QUALIFICATION: 
 

A. Any Contractor performing work under this Division shall be fully qualified and acceptable to the 
Engineer.  Submit the following evidence for approval: 

 
1. A list of not less than five (5) comparable projects that the Contractor completed. 
 
2. Letters of reference from not less than three (3) registered professional engineers,  con-

tractors, or building owners, explaining Contractor proficiency, quality of work, or other at-
tribute on projects of similar size or substance. 
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3. Local or State license. 
 
4. Membership in trade or professional organization where required. 
 
5. Copy of Master Electrician’s License. 
 

B. Contractor is any individual, partnership, corporation, or firm performing work by Contract or sub-
contract on this project. 
 

C. Acceptance of a subcontractor will not relieve the Contractor of any contractual requirements or 
his responsibility to supervise and coordinate the various trades. 
 

D. Supervisory Qualifications:  The electrical work on the project shall be under the direct supervi-
sion of a licensed Master Electrician. 

 
 E. Qualifications of Installers:    
 

1. For the actual fabrication, installation, and testing of the work, the Contractor shall use 
only thoroughly trained and experienced personnel who are completely familiar with the 
requirements of this work and with the installation recommendations of the manufacturers 
of the specified items. 

2. The Electrical Installer shall utilize a full time project foreman in charge of all electrical 
work.  This person shall be fully qualified and experienced in such work and shall be 
available, on site, at all times during Construction.  All problems, questions, coordination, 
etc., relating to electrical work shall take place through this person to the Architect. 

 
F. Qualifications of Video Tape Technician:  For videotaping specified in “Operating Instructions”, 

the Contractor shall provide the services of persons skilled in videotape production and editing. 
 
1.5  FIRE SAFE MATERIALS: 
 

A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA, or ASTM 
Standards for Fire Safety with Smoke and Fire Hazard Rating not exceeding flame spread of 25 
and smoke developed of 50. 

 
1.6  REFERENCED STANDARDS, CODES, ORDINANCES AND SPECIFICATIONS 

 
 A. Specifications, Codes and Standards listed below are included as part of this specification, latest 

edition. 
 

 
ADA 

 
Americans with Disabilities Act 

 
ANSI 

 
American National Standards Institute 

 
ASHRAE 

 
American Society of Heating, Refrigerating and Air Condi-

tioning Engineers 
 
ASME 

 
American Society of Mechanical Engineers 

 
ASTM 

 
American Society for Testing and Materials 

 
IBC 

 
International Building Code   
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CABO Council of American Building Officials 
 
FM 

 
Factory Mutual 

 
IEEE 

 
Institute of Electrical and Electronics Engineers 

 
MOSHA 

 
Maryland Occupational Safety & Health Administration 

 
NEC 

 
National Electrical Code 

 
NECA 

 
National Electrical Contractors Association 

 
NEMA 

 
National Electrical Manufacturers Association 

 
NFPA 

 
National Fire Protection Association 

 
OSHA 

 
Occupational Safety & Health Administration 

 
UL 

 
Underwriters Laboratories 

 
 B. All electrical equipment and materials shall comply with the Codes and Standards listed in the 

latest edition of IEEE Standard 241, Electric Power Systems in Commercial Buildings, Chapter 1, 
Section 1.6, entitled “Codes and Standards”.  

 
 C. Comply with all Codes applicable to the work: 

1. Bidders shall inform themselves of all local and state codes and regulations. 
2. In case of conflict between Contract Documents and governing Codes, the most stringent 

shall take precedence.  Where, in any specific case, different sections of any applicable 
codes or when Drawings and Specifications specify different materials, methods of Con-
struction, or other requirements, the most restrictive shall govern. 

3. Where Contract Documents exceed minimum Code requirements, and are permitted un-
der the Code, the Contract Documents take precedence and shall govern. 

4. No extra payment will be allowed for work or changes required by local Code enforce-
ment authorities. 

 
 D. Underwriters Laboratories Labels shall apply to all materials and devices, etc., except specified 

items not covered by existing UL Standards. 
 
 E. Conflicts with applicable regulations: 
  1. Resolve at Contractor’s expense. 
  2. Prepare and submit details of alternate construction: 
   a. Acceptable solution of conflict. 
   b. List of substitute materials: 
 
  For approval of inspecting authorities. 
  For approval of Engineer. 
 
 F. Comply with all NECA’s National Electrical Installation Standards (NEIS), including NECA 1-2000 

“Standard Practices for Good Workmanship in Electrical Contracting”. 

1.7  INTERPRETATION OF DOCUMENTS 
 

A. Any discrepancies between Drawings, Specifications, Drawings and Specifications, or within 
Drawing and Specifications shall be promptly brought to the attention of the Owner during the 
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bidding period.  No allowance shall subsequently be made to the Contractor by reason of his fail-
ure to have brought said discrepancies to the attention of the Owner during the bidding period or 
of any error on the Contractor’s part. 
 

B. The locations of products shown on Drawings are approximate.  The Contractor shall place the 
devices to eliminate all interference with above-ceiling ducts, piping, etc.  Where any doubt exists, 
the exact location shall be determined by the Owner and Architect. 
 

C. All general trades and existing conditions shall be checked before installing any outlets, power 
wiring, etc. 
 

D. Equipment sizes shown on the Drawings are estimated.  Before installing any wire or conduit, the 
Contractor shall obtain the exact equipment requirements and install wire, conduit, or other item 
of the correct size for the equipment actually installed.  However, wire and conduit sizes shown 
on the Drawings shall be taken as a minimum and shall not be reduced without written approval 
from the Architect/Engineer. 
 

E. Where variances occur between the drawings and specifications or within either document itself, 
the item or arrangement of better quality, greater quality, or higher cost shall be included in the 
Contract Price.  The Engineer will decide on the item and manner in which the work shall be in-
stalled. 
 

F. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions, and accesso-
ries are not necessarily shown.  Furnish and install all such items as may be required to fit the 
work to the conditions encountered.  Arrange conduits, equipment, and other work generally as 
shown on the Contract Drawings, providing proper clearance and access.  Where departures are 
proposed because of field conditions or other causes, prepare and submit detailed Shop Draw-
ings for approval in accordance with “submittals” specified below.  The right is reserved to make 
reasonable changes in location of equipment, piping, and ductwork, up to the time of rough-in or 
fabrication. 
 

G. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be in-
cluded without additional compensation from the Owner. 

1.8 CUTTING AND PATCHING 
 

A. The cutting of walls, floors, partitions, etc., for the passage and/or accommodation of conduits, 
etc., the closing of superfluous openings and the removal of all debris caused by said work under 
this contract shall be performed by and at the expense of the Electrical Contractor. 
 

B. No cutting of any structure or finishes shall be done until the condition requiring such cutting has 
been examined and approved by the Architect. 
 

C. All surfaces disturbed as a result of such cutting shall be restored under this division to match 
original work and all materials used for any patching, mending or finishing must conform to the 
class of materials originally installed. 

 

PART 2 - PRODUCTS 

2.1  MATERIALS AND EQUIPMENT 
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A. Material and equipment installed as a part of the permanent installation shall be new, unless oth-
erwise indicated or specified, and shall be approved by the Underwriters' Laboratories, Inc., for 
installation in each particular case where standards have been established. 
 

B. Where material or equipment is identified by proprietary name, model number, and/or manufac-
turer, furnish the named item or equivalent thereof, subject to acceptance. 
 

C. Material submissions shall conform to requirements outlined in SUBMITTALS, REVIEW, AND 
ACCEPTANCE. 
 

D. The suitability of named item only has been verified.  Where more than one Manufacturer is 
named, only the first named Manufacturer has been verified as suitable alternate.  Manufacturers 
and items other than the first named shall be equal or better in quality and performance to that of 
specified items, and must be suitable for available space, required arrangement, and application. 
Submit all data necessary to determine suitability of alternate manufacturers for review. Provide a 
list company proposed and specified products and performance on the first page of the submittal. 
Failure to clearly identify differences will result in the submittal being returned as “Revise and Re-
submit”. The Contractor, by providing other than the first named Manufacturer, assumes respon-
sibility for all necessary adjustments and modifications necessary for a satisfactory installation. 
 

E. The Contractor shall only submit those manufacturers indicated in the Specification. Proposed 
manufacturers other than those indicated will not be considered unless the specific item indicates 
“or as approved equal”.  Submit all data necessary to determine suitability of substituted items for 
approval. Failure to do so will result in a “Revise and Resubmit” response. 
 

F. All items of equipment furnished shall have a service record of at least five (5) years. 

2.2  SUBSTITUTIONS 
 

A. Substituted items or items other than those named shall be equal or better in quality and perfor-
mance and must be suitable for the available space, required arrangement, and application.  
Submit any and all data necessary to determine the suitability of substituted items.  The Contrac-
tor shall be responsible for correct application, placement, and installation of substituted equip-
ment.  Cost savings data shall also be submitted with submittal data for substituted items.  Total 
cost savings or a per-unit saving to the Owner shall be clearly indicated.  If a substituted item is 
accepted, all cost savings shall be returned to the Owner as a credit. 
 

B. Substitutions will not be permitted for specific items of material or equipment where specifically 
indicated. 
 

C. For substituted items, clearly list on the first page of the submittal all differences (i.e. paragraph-
by-paragraph, performance differences, physical differences, etc.) between the specified item and 
the proposed item.  The Contractor shall be responsible for corrective action (or replacement with 
the specified item) while maintaining the specification requirements if differences have not been 
clearly indicated in the submittal. 
 

D. Where the Contractor proposes to use an item of equipment or application other than that speci-
fied or detailed on the Drawings, which requires any redesign of the structure, partitions, founda-
tion, HVAC, piping, wiring, or any other part of the mechanical, electrical, or architectural layout, 
all such redesign and all new drawings and detailing required thereafter shall be prepared by the 
Contractor at his own expense for review by the Owner representative, Architect and Engineer 
before any such work is implemented. 
 

E. All Contractor-proposed changes and revisions shall be at the Contractor’s risk and expense.  
The Contractor shall fully coordinate all revisions, substitutions and changes with other trades.  
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The Contractor shall provide all necessary provisions, including HVAC, ventilation, foundations, 
access, etc., for a complete, code compliant, and fully functional installation. 
 

F. Where the Contractor elects to submit a substitution for equipment or materials, he shall: 
 

1. Submit Shop Drawings that show complete compliance to each statement or requirement 
of the Specifications. 

2. Submit certified test data from an independent testing laboratory for each product. 
3. Submit one complete working sample of the equipment or materials to be furnished.  In 

cases involving large or heavy items of equipment, the Owner may waive the requirement 
to submit the sample. 

 
G. Failure to comply with the above-required submissions shall constitute an automatic rejection of 

the substitution. 
 
2.3  SUBMITTALS, REVIEW, AND ACCEPTANCE 
 
 A. General: 
 

1. The equipment, material, installation, workmanship, arrangement of work, final instruc-
tion, and final documentation is subject to review and acceptance.  No substitution will be 
permitted after acceptance of equipment or materials except where such substitution is 
considered by the Engineer to be in the best interest of the Owner.  Submit for review in 
clear and legible form the following documents: 

   a. Material and Equipment List 
   b. Descriptive Data 
   c. Shop Drawings 
   d. Installation and Coordination Drawings 
   e. Contractor As-Built Drawings  
   f. Owner Instructions and Manuals 
   g. Construction Phasing and Outage Schedule 

2. Prepare all submittals specifically for this project and stamp each submittal in a form indi-
cating that the documents have been Contractor reviewed, are complete, and are in 
compliance with the requirements of the plans and specifications.  Each submittal item 
shall be clearly identified and numbered.  Each submittal shall contain a complete sched-
ule of Manufacturer’s part numbers and quantity listings of all supplied components.  
Each proposed item shall be highlighted and tagged with a star, an arrow, etc., including 
all options and accessories. 
 

3. Coordinate the installation requirements and any mechanical requirements for the 
equipment submitted.  Submittals will be reviewed for general compliance with design 
concept in accordance with the contract documents.  The Contractor is responsible for 
the correctness of all submittals.  Reviews will not verify dimensions, quantities, or other 
details. 

 
4. Identify all submittals, indicating the intended application, location, or service of the sub-

mitted item.  Refer to specification sections or paragraphs where applicable.  Clearly indi-
cate the exact type, model number, size, and special features of the proposed item.  
Clearly list on the first page of the Submittal all differences between the specified item 
and the proposed item.  The Contractor shall be responsible for corrective action (or re-
placement with the specified item) while maintaining the specification requirements, if dif-
ferences have not been clearly indicated in the submittal.  Submittals of a general nature 
will not be acceptable. 

 
5. Submit actual operating conditions or characteristics for all equipment where required 

capacities are indicated.  Factory order forms showing only required capacities will not be 
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acceptable.  Indicate all options used to meet the specifications.  It is not the responsibil-
ity of the Engineer or Owner to make selections of factory options other than colors.  
Submittals lacking proper selection of factory options or special features required by the 
specification shall be RETURNED WITHOUT REVIEW. 

 
6. Acceptance will not constitute waiver of contract requirements unless deviations are spe-

cifically indicated and clearly noted. 
 

7. Documents of general form indicating options shall be clearly marked to show what is 
specifically proposed for this project. 

 
8. Submittals NOT IN COMPLIANCE with the requirements of this section will be 

RETURNED WITHOUT REVIEW. 
 

B. Material, Equipment, Manufacturer and Subcontractor List:   Within 30 calendar days after the 
award of contract, submit a complete MATERIAL, EQUIPMENT, MANUFACTURER AND 
SUBCONTRACTOR LIST for preliminary review.  List all proposed materials and equipment, the 
associated proposed Manufacturer, and any proposed subcontractors.  After the receipt of re-
viewed Material and Equipment List, submit complete Shop Drawings for approval.  List all mate-
rials and equipment, indicating manufacturer, type, class, model, curves, and other general identi-
fying information.  Submittals shall be specific for each building as contained in the individual 
building Specifications and Drawings. 
 

C. Upon approval of the List of Materials, the Contractor shall prepare a complete Master Submittal 
Register, listing all products and materials that will be submitted for approval.  Items shall be 
listed by referenced specification paragraph in ascending order.  This master list shall be included 
with each submittal, updated to reflect the status of approval for each item, and shall highlight the 
items pertaining to the submittal.  A suggested Submittal Register Format is shown below: 

 
 

SUBMITTAL REGISTER 

 
Item/Material 

 
Ref’d 
Spec. 
Paragraph 

 
Specified 
or Substi-

tute 

 
Submittal 

Date 

 
Status 

 
Remarks 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

D. No Shop Drawing Submittals will be considered for approval until the complete List of Subcon-
tractors and the complete List of Materials/Manufacturers and Equipment have been approved. 
 

E. Descriptive Data:  After acceptance of the MATERIAL and EQUIPMENT LIST, submit additional 
DESCRIPTIVE DATA for all items.  Data shall consist of specifications, data sheets, samples, 
capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional draw-
ings, installation instructions, and any other information necessary to indicate complete compli-
ance with the contract documents.  Where several ratings or sizes are shown or available, clearly 
indicate the exact size or rating relating to the particular device being proposed. 
 

F. Submit complete descriptive data for all items.  Data shall consist of Specifications, data sheets, 
samples, capacity ratings, performance curves, operating characteristics, catalog cuts, dimen-
sional drawings, wiring diagrams, specific electrical/wiring requirements and connections includ-
ing control and interlock wiring, installation instructions, and any other information necessary to 
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indicate complete compliance with the Contract Documents.  Edit submittal data specifically for 
application to this project. 
 

G. Shop Drawings shall be submitted and approved for all materials and equipment prior to installa-
tion.  If any material and/or equipment is installed prior to receipt by the Contractor of approved 
Shop Drawings, the Contractor is liable for its replacement at no additional cost to the Owner. 
 

H. Data submitted shall include information on all materials and equipment to demonstrate compli-
ance with the Contract Drawings and Specifications.  Where installation procedures or any part 
thereof are required to be in accordance with manufacturer’s recommendations, furnish printed 
copies of the recommendations prior to installation.  Installation of the item shall not proceed until 
recommendations are received.  Failure to furnish recommendations shall be cause for rejection 
of the equipment or material. 
 

I. Any deviation of submitted material or equipment from the Contract Drawings or Specifications 
shall be clearly marked in red ink on Submittals, and itemized in a transmittal letter, in order to re-
ceive consideration for approval. 
 

J. Approval of material or equipment submittals containing deviations not specifically identified by 
Contractor shall not relieve the Contractor from compliance with specified requirements. 
 

K. Thoroughly review and stamp all submittals to indicate compliance with Contract requirements 
prior to submission.  Coordinate installation requirements and any electrical requirements for 
equipment submitted.  Contractor shall be responsible for correctness of all submittals. 
 

L. Submittals will be reviewed for general compliance with design concept in accordance with Con-
tract Documents, but dimensions, quantities, or other details will not be verified. 
 

M. Increase, by the quantity listed below, the number of electrical related Shop Drawings, product 
data, and samples submitted, to allow for required distribution plus two copies of each submittal 
required, which will be retained by the Electrical Consulting Engineer. 

 
1. Shop Drawings - Initial Submittal:  1 additional blue- or black-line print. 
2. Shop Drawings - Final Submittal:  1 additional blue- or black-line print. 
3. Product Data:  1 additional copy of each item. 

  
 N. Additional copies may be required by individual sections of these Specifications. 
 
 O. Shop Drawings (include but not limited to): 
 

1. Prepare and submit SHOP DRAWINGS AND/OR DIAGRAMS for all specially fabricated 
items, modifications to standard items, specially designed systems where detailed design 
is not shown on the contract drawings, or where the proposed installation differs from that 
shown on the contract drawings. 

2. Shop drawings shall include plans, elevations, sections, mounting details of component 
parts, point to point interconnection diagrams, elementary diagrams, single line diagrams, 
and any other drawings necessary to show the fabrication and connection of the com-
plete item or system. 

3. Shop drawings shall be provided for, but not limited to the following items: 
 

   Analysis and Coordination Study 
   Automatic Transfer Switches 
   Ballasts 
   Basic Electrical Materials 
   Cable - 600 volt 
   Cable – Medium Voltage 
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   Cable Tray 
   Circuit Breakers 
   Conduit and Surface Raceway 
   Contractor and Subcontractor Qualifications 
   Controllers & Control Devices 
   Disconnects 
   Electrical Connection Coordination Schedule 
   Engine/Generator 
   Equipment Connections 
   Equipment Pads 
   Excavation and Backfill 
   Fire Alarm Systems 
   Firestopping 
   Fuses 
   Ground Conductors, Rods 
   Identification System 
   Innerduct 
   Lamps 
   Lighting Control Equipment 
   Lighting Fixtures 
   Low Voltage Fuses 
   Material and Equipment List 
   Motor Starters 
   Occupancy Sensors 
   Outlet Boxes 
   PA System 
   Panelboards 
   Receptacles 
   Record and Information Booklet 
   Safety Switches 
   Schedule of Values 
   Sleeves, Hangers, Supports 
   Sound Systems 
   Special Systems 
   Submittal Schedule 
   Surge Protection Devices 
   Switchboards 
   Tests and Reports 
   Transformers 
   Underground Cable 
   Wiring Devices 
   Wiring Diagrams 

P. The Contractor, additionally, shall submit for approval any other shop drawings as required by the 
Architect.  No item listed above shall be delivered to the site, or installed, until approved.  After 
the proposed materials have been approved, no substitution will be permitted except where ap-
proved by the Engineer. 
 

Q. The Contractor shall prepare and submit a Detail Schedule of Values indicating the Contract 
costs for the major work items.  The Contractor shall provide additional detail and information as 
requested by the Engineer. 
 

R. The Contractor shall prepare and submit a complete Submittal Schedule.  The Schedule shall in-
clude a listing of all Submittals, Shop Drawings, and Coordination Drawings. 
 

S. The Contractor shall review and coordinate with all other not order major electrical gear that 
serves HVAC and plumbing motors until all HVAC and plumbing equipment with motors have 
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been  reviewed. Additionally the Contractor shall review all mechanical and plumbing submittals 
for coordination items (disconnect switch, capacitors, etc.) prior to the Mechanical Contractor 
submitting products for review. 

2.4  INSTALLATION AND COORDINATION DRAWINGS: 
 

A. Prepare, submit, and use composite installation and coordination drawings to assure proper co-
ordination and installation of the work.  Drawings shall include, but not be limited to the following: 

1. Telecommunication Rooms indicating data rack assemblies, panels, etc. 
2. Electrical Rooms indicating switchboard assemblies, transformers, equipment pads, pan-

els, etc. 
  

B. Draw plans to a scale not less than 1/4 inch equals one foot.  Include plans of the proposed work, 
showing all equipment, major elements, conduit, and wiring in the areas involved.  Fully dimen-
sion all work, horizontally and vertically.  Show coordination with other work including piping, 
ductwork and other mechanical work, walls, doors, ceilings, columns, beams, joists, and other ar-
chitectural and structural work. 
 

C. Identify all equipment and devices on wiring diagrams.  Where field connections are shown to fac-
tory-wired terminals, furnish manufacturer's literature showing internal wiring. 
 

D. Prepare, submit, and use scaled layout drawings indicating dimensions, clearances, and actual 
equipment dimensions.  Layout drawing shall include, but not be limited to the following: 

  1. Pad-mounted equipment and equipment connections. 
  2. Underground conduits, ductbanks, manholes, handholes, and building penetrations. 

2.5  RECORD DRAWINGS: 
 

A. As the work progresses, record on a set of white prints the installed locations, sizes of electric 
feeders, equipment, etc.  Upon completion of the work, submit one (1) complete set of white 
prints with "As-Built" information neatly recorded thereon in red ink.  Use other colors to distin-
guish between variations in separate categories of the work.  Note related change-order numbers 
where applicable.  Provide electronic copies to the owner and architect at the completion of the 
project. 
 

B. Write step-by-step detailed instructions for turn-on, turn-off, seasonal changeover, and periodic 
checks of all systems and equipment.  Include all precautions and warnings. 
 

C. Prepare a list of the manufacturers of all major equipment, their local service representative and 
procedures for obtaining service. 
 

D. Post one (1) copy of all instructions, lists, charts, and diagrams at the equipment or where indi-
cated, mounted under glass or approved plastic cover. 
 

E. Furnish to the Owner two (2) copies of the Manufacturer's installation and operations instructions, 
and an electronic copy.  Include replacement parts lists where applicable.  Also include copies of 
all posted instructions, lists and charts.  Assemble the material in one or more heavy duty 8- 1/2" 
x 11" loose leaf binders with tab separators.  Submit for approval before final delivery.  Binder 
shall be labeled on spine and on cover with Project Name.  
 

F. Deliver all instruction materials to the Owner prior to the formal instruction period. 
 

G. Deliver two (2) complete sets of all approved submittals to the Owner for filing, including electron-
ic copies. 
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H. Prepare record documents in accordance with the requirements in the specifications.  In addition 

to the requirements specified, indicate installed conditions for: 
 

1. Major raceway systems, size and location, for both exterior and interior; locations of con-
trol devices; distribution and branch electrical circuitry; and circuit breaker size and ar-
rangements. 

2. Equipment locations (exposed and concealed), dimensioned from prominent building 
lines. 

3. Approved Substitutions, Contract Modifications, and actual equipment and materials in-
stalled. 

 
I. The Contractor shall keep at the site at all times during construction, one set of up-to-date Con-

tract prints for the express purpose of showing any and all changes made during construction.  
The Contractor shall make the prints showing each change and shall incorporate all changes in 
“Record/As-Built Drawings” to be submitted to the Engineer upon completion of the project. 
 

J. The Contractor shall show proof of up-to-date record drawings to the Owner prior to submitting 
monthly invoice. 
 

K. The Contractor shall conform to all drawings, including all revisions, addendums, alternates, 
change orders, deletions, existing conditions, and as-built conditions without extra cost to the 
Owner. 

2.6  DEMONSTRATION AND OPERATING INSTRUCTIONS 
 

A. Furnish the necessary technicians, skilled workers, and helpers to operate the electrical systems 
and equipment of the entire project.  The Contractor shall provide a minimum of three 2-hour ses-
sions of system demonstration and operation for each system including, but not limited to:  light-
ing controls, switchboards, generator, transfer switches. 
 

B. Where specified in technical sections, provide longer periods required for specialized equipment. 
 

C. Contractor shall provide start-up of all systems in an orderly, organized, and coordinated manner 
to ensure that all systems are functioning as designed.  The Contractor shall provide a detailed 
start-up, testing, and demonstration plan for all systems in a coordinated manner that is docu-
mented in writing at least 45 days prior to system start-up.  Start-up, testing and demonstration 
plans shall include detailed point-by-point checklists that clearly show that systems are, in fact, 
functioning as designed.  Instruct the Owner or designated personnel in operation, maintenance, 
lubrication, and adjustment of systems and equipment. 
 

D. The Operating and Maintenance Manual shall be available at the time of the instructions, for use 
by Instructors and Owner personnel. 
 

E. Videotape each instruction session, including both the sessions specified above and added ses-
sions required in technical sections for specialized equipment.  Provide one complete set of DVD 
video disks with each Operating and Maintenance Manual. 
 

F. Schedule the general and specialized instruction periods for a time agreed upon by the Owner 
and Engineer.  All operation training and demonstrations shall be complete prior to Owner ac-
ceptance of any given system. 
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PART 3 - EXECUTION 

3.1  EXAMINATION OF SITE, SURVEYS, AND MEASUREMENTS: 
 

A. Examine the site, determine all conditions and circumstances under which the work must be per-
formed, and make all necessary allowances for same.  No additional cost to the Owner shall be 
permitted for Contractor’s failure to do so. 
 

B. Examine the site and observe the conditions under which the work will be done or other circum-
stances which will affect the contemplated work.  No allowance will be made subsequently in this 
connection for any error or negligence on the Contractor's part. 
 

C. The Contractor shall base all measurements, both horizontal and vertical, from established 
benchmarks.  All work shall agree with these established lines and levels.  Verify all measure-
ments at the site and check the correctness of same as related to the work. 
 

D. Any discovery of discrepancy between actual measurements and those indicated which prevents 
following good practice or the intent of the Drawings and Specifications shall be brought to the at-
tention of the Owner’s Representative.  Work shall not proceed until receiving instructions from 
the Owner’s Representative. 
 

E. The Contractor shall follow Drawings in laying out the work and check Drawings of other trades to 
verify spaces in which work will be installed.  Maintain maximum headroom and space conditions 
at all points.  Where headroom or space conditions appear inadequate, the Owner’s Representa-
tive shall be notified before proceeding with the installation. 
 

F. To prevent conflict with the work of other trades and for proper execution of the work, the Con-
tractor, as directed by the Architect/Engineer, shall make the necessary modifications in the lay-
out as needed, at no extra charge to the Owner. 
 

G. The Contractor shall be solely responsible for the proper arrangement of his conduit and equip-
ment. 
 

H. The Engineer shall make all final decisions as to any conditions that require the changing of any 
work. 
 

I. The Contractor shall have competent supervision on the site at all times to lay out, check, coordi-
nate, and supervise the installation of all electrical work and be responsible for the accuracy 
thereof.  He shall plan the installation of all electrical work, giving consideration to the work of 
other trades, to prevent interference. 
 

J. The Contractor shall determine the location, size, etc., of all chases, sleeve openings, etc., re-
quired for the proper installation of the electrical work and see that such are provided.  All chases, 
sleeves, openings, etc., shall be set prior to erection of new work to prevent delay in the progress 
of other work or trades. 
 

K. Conditions and/or situations that prevent the proper installation of any equipment or item where 
shown on the Drawings shall be called to the attention of the Engineer for instructions. 
 

L. The Contractor shall have equipment shipped or fabricated in sections of suitable size for enter-
ing the building and being removed from the finished building in the future, if necessary. 
 

M. The Contractor shall fully investigate all peculiarities and space limitations for all materials and 
equipment. 
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N. Outlet, pull, and junction boxes and other appliances that require operation, examination, adjust-
ment, servicing or maintenance shall be readily accessible. 
 

O. The Contractor shall take all field measurements necessary for this work and shall assume re-
sponsibility for their accuracy.   
 

P. The Contractor shall coordinate the electrical work with all other sub-contractors.  All work shall 
be so arranged that there will be no delay in the proper installation and completion of any part or 
parts of electrical equipment.  All electrical work shall be installed in proper sequence with other 
trades without any unnecessary delay. 
 

Q. The Drawings are to some extent diagrammatic and indicate the general arrangement of the 
equipment, the runs of conduit, and the manner of connection. 
 

R. The Contractor shall confer with all sub-contractors engaged in the construction of the project, re-
garding the work that may, in any way, affect his installation.  Whenever interference occurs, be-
fore installing any of the work in question, the Contractor shall consult with all sub-contractors and 
shall come to an agreement with them as to the exact location and level of his conduit parts of his 
equipment. 
 

S. The Contractor shall be responsible for determining exact property lines and area of work.  The 
Contractor shall not install any equipment or conduits outside of the property lines and/or area of 
work without written direction from the Owner.  Any work indicated diagrammatically on the Con-
tract Documents to be installed beyond the property lines and/or area of work shall be verified 
with the Owner prior to installation.  

3.2  GENERAL RESPONSIBILITIES: 
 

A. The Contractor shall be responsible for systems and related damages possible, and shall hold 
harmless the Owner, the Architect and his consultants from malfunction of systems and equip-
ment installed under this Contract as defined by the applicable state laws pertaining to real prop-
erty for the period of time as defined by such laws. 
 

B. It is the intent of these Specifications to fully cover without exception all required labor and mate-
rials so that the finished work will be delivered to the Owner in a complete and satisfactory work-
ing installation.  Excavation, wiring, distribution, etc., shall be performed in compliance with the 
Contract Documents. 
 

C. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be in-
cluded without additional compensation from the Owner. 
 

D. Conflicting points in the Specifications or on the Drawings shall be called to the attention of the 
Architect prior to the execution of the Contract.  

3.3  STORAGE AND PROTECTION OF EQUIPMENT 
 

A. All electrical equipment to be used in the construction shall be properly stored and protected 
against the elements.  All equipment shall be stored under cover, and shall not be stored at the 
construction site on the ground, in mud, water, snow, rain, sleet or dust.  Large diameter cables 
may be stored on reels with weatherproof materials.  Such weatherproof materials shall be 
heavy-duty, securely fastened and made impervious to the elements. 
 

B. Conventional electrical construction materials such as building wire, outlet and junction boxes, 
wiring devices, conduit, lighting fixtures, fittings, etc., shall be stored in construction buildings, 
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covered trailers or portable covered warehouses.  Any equipment subject to damage or corrosion 
from excessive moisture shall be stored in dry, heated areas.  Any equipment containing plastic 
or material subject to damage caused by excessive heat or sunlight shall be stored to prevent 
such damage.  This includes plastic ducts and lenses. 
 

C. Switchboard, motor controllers, panelboards, breakers, emergency lighting, and supervisory 
equipment, if delivered to the construction site before the building is under cover, shall be ware-
housed and protected as follows:  All gear and equipment shall be covered and protected from 
the elements and other damage and shall be stored in a clean, dry, heated atmosphere, under 
cover. 
 

D. All gear and equipment delivered to the construction site after the building is under cover shall be 
protected as described above and in addition shall be provided with auxiliary heat to prevent con-
densation damage.  The gear shall also be protected against damage caused by installation of 
any building systems and equipment; or damage caused by carelessness of workmen who are 
installing equipment connected to or adjacent to the above electrical equipment. 
 

E. Equipment damaged as a result of the above conditions shall be properly repaired at the Contrac-
tor's expense or shall be replaced at the Contractor's expense, if, in the opinion of the Engineer 
the equipment has been damaged to such an extent it cannot operate properly after repairs are 
made. 
 

F. All electrical enclosures exposed to construction damages such as paint spots, spackling or plas-
ter spatter, grout splashes, waterproofing compound, tar spots or runs and pipe covering com-
pound splashes, shall be completely covered and protected against damage. 
 

G. In the event leakage into the building of any foreign material or fluid occurs or may occur, the 
Contractor shall take all steps as described above to protect any and all equipment. 
 

H. After connections to electrical equipment are complete and the equipment is ready for operation, 
all construction debris shall be removed from all enclosures.  Such debris includes dust, dirt, wire 
clippings, tape and insulation removed in order to make the connection. 

3.4  ELECTRICAL INSTALLATIONS 
 

A. General:   Sequence, coordinate, and integrate the various elements of electrical systems, mate-
rials, and equipment.  Comply with the following requirements: 

1. Coordinate electrical systems, equipment, materials, and installation with land-
scape/irrigation contractor(s). 

2. Verify all dimensions by field measurements. 
3.  Install systems, materials, and equipment to conform with approved submittal 

data, including coordination drawings, to greatest extent possible.  Conform to ar-
rangements indicated by the Contract Documents, recognizing that portions of 
the Work are shown only in diagrammatic form.  Where coordination require-
ments conflict with individual system requirements, refer conflict to the Engineer. 

4. Install systems, materials, and equipment level and plumb, parallel and perpen-
dicular to other building systems and components where installed exposed in fin-
ished spaces. 

5. Install electrical equipment to facilitate servicing, maintenance, and repair or re-
placement of equipment components.  As much as practical, connect equipment 
for ease of disconnecting, with minimum of interference with other installations.  
All equipment and disconnects shall maintain proper working space to conform to 
NEC. 

6. Install systems, materials, and equipment giving right-of-way priority to systems 
that require installation at a specified slope. 
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7. Arrange for chases, slots and openings in other building components during pro-
gress of construction, to allow for electrical installation. 

8. Space, coordinate, and integrate installations of electrical materials and equip-
ment for efficient flow of the work. 

3.5  SUPERVISION AND COORDINATION: 
 

A. Provide complete supervision, direction, scheduling and coordination of all work under the con-
tract, including that of subcontractors, using full attention and the best skill.  Be responsible for all 
work and make all subcontractors, suppliers and manufacturers fully aware of all requirements of 
the contract. 
 

B. Coordinate the rough-in of all work performed under Mechanical & Electrical Divisions. 
 

C. The Contractor shall coordinate all electrical rough-ins with approved shop drawings and coordi-
nation drawings.  Any rough-in installed without complete coordination shall be at the Contractor’s 
risk and expense. 
 

D. Coordinate the installation of all necessary rough-in of work, sleeves, anchors and supports for 
conduit, wiring, and other work performed under Divisions Mechanical and Electrical Divisions. 
 

E. Coordinate the spacing and arrangement of lighting fixtures, diffusers, grilles and access panels 
in ceilings to establish a symmetrical pattern. 
 

F. Where a discrepancy exists within the Specifications or drawings or between the Specifications 
and Drawings, the more stringent (or costly) requirement shall apply until a clarification can be 
obtained from the Engineer.  Failure to clarify such discrepancies with the Engineer will not re-
lieve the Contractor of the responsibility of conforming to the requirements of the Contract. 
 

G. Failure of the Contractor to obtain a full and complete set of Contract Documents (either before or 
after bidding) will not relieve the Contractor of the responsibility of complying with the intent of the 
Contract Documents. 
 

H. To insure proper electrical coordination between the electrical components supplied under the 
Electrical Divisions and the equipment supplied under the Mechanical Divisions, a schedule shall 
be submitted, prior to start of work and prior to fabrication of panels and/or gear which power is 
fed from, for review by the Engineer with the following column headings: 

 

 
1. 
Equip. 
  or 
Item 

 
2. HP or 
KVA 

 
3. Volt-
age 
  and 
  Phase 

 
4. 
Power 
   Fac-
tor 

 
5. Ca-
pacitor 

 
6. Motor 
  Starter 

 
7. Dis-
con. 

 
8.Contr
ols 

 
9.Rema
rks 

 
Description of Column Headings: 
 

1. List all the approved equipment furnished under Mechanical Division that re-
quires electrical connections and designate the equipment as it appears in the 
Mechanical Divisions.  Indicate the quantity, if more than one, in parentheses of 
identical equipment being supplied. 

2. Indicate the supplied horsepower of the equipment listed under Column No. 1.  If 
equipment listed has more than one motor, indicate each motor and its respec-
tive horsepower.  Indicate the kVA rating for all other equipment requiring an 
electrical connection, unless the electrical connection is for a control circuit only. 
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3. Indicate the voltage and phase requirements for equipment listed under Column 
No. 1.  If more than one electrical circuit or voltage is required for the listed 
equipment, it shall be so indicated.  Indicate wiring required for connection, in-
cluding all phase, neutral, and ground conductors. 

4. Indicate the power factor rating for all motors listed under Column No. 2 
5. Where a capacitor is to be provided, indicate specification it is supplied under 

and indicate the KVAR size for any capacitor provided under Division 26. 
6. Where a motor starter is required, indicate the specification division it is supplied 

under and the type of motor starter; across-the-line, reversible, variable speed, 
two speed-single winding, etc.  Indicate In Column No. 9 if the motor starter pro-
vided under Division 26 is not compatible with the motor specified. 

7. Where a disconnect switch is required by the National Electric Code or by the 
contract documents for the equipment listed under Column No. 1, indicate under 
which Division the disconnect switch is supplied. 

8. Indicate the Division under which the controls for the equipment listed under Col-
umn No. 1 are provided. 

9. Indicate any discrepancies between what is indicated in the contract documents 
and what is actually being provided. 

 
I. The Contractor shall fully coordinate the electrical connections to all equipment prior to installa-

tions, with the approved Shop Drawings and the trades involved.  Coordination shall include volt-
age, phases, quantity and size of wiring, device sizes, terminations, rough-in work, and other co-
ordination for a complete installation. 
 

J. Coordinate Division 26 work with all trades. 
 

K. Install work with proper clearances and access.  Carefully examine all contract drawings and fit 
the work in each location without substantial alteration.  Where departures are proposed or re-
quired, submit detailed drawings for acceptance.  The right is reserved to make reasonable 
changes in location of equipment, conduit and wiring up to the time of rough-in or fabrication. 
 

L. Coordinate light switch locations with door swings prior to rough-in.  No switches permitted be-
hind doors. 
 

M. Coordinate electrical work with architectural items and equipment.  Typical equipment refers to, 
but is not limited to, the following: 

1. Countertops, Casework and Cabinets. 
2. Fume and Exhaust Hoods. 
3. Kitchen equipment. 
4. Do not install outlets, switches, etc., behind casework, cabinets, etc. 
5. Data, phone, and other low voltage system outlets shall be mounted above the coun-

ter tops to match power outlets in the same areas. 
6. Coordinate counter top outlets with drilling of casework/counters. 
7. Coordinate surface raceways and outlets above and below counters with approved 

casework shop drawings to avoid conflicts with sinks and other appurtenances. 
8. Verify lab/kitchen equipment nameplates and connection requirements prior to rough-

in. 
9. Shop equipment connections, including busways. 

 
N. This Contractor shall make all system connections required to equipment furnished and installed 

under other divisions.  Connections shall be complete in all respects to render this equipment 
functional to its fullest intent.  The Contractor shall make all system connections required to 
equipment furnished under other Divisions.  Circuits shall be extended to all equipment which is 
incidental to, but not necessarily shown, for equipment specified under other divisions such as 
magnetic flow meters, ATC panels, liquid level controls, leak detection systems, etc.  Connections 
shall be complete in all respects to render this equipment functional to its fullest extent. Coordi-
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nate quantity, locations and power requirement for all items with the mechanical, plumbing and 
general trades contractors. 
 

O. It shall be the responsibility of the Contractor to obtain complete instructions for connections.   

3.6  GUARANTEE: 
 

A. Guarantee obligations shall be as hereinbefore specified in the GENERAL AND SPECIAL 
CONDITIONS of these specifications, except as follows: 

1. Guarantee the complete electrical system free from all mechanical and electrical 
defects for the period of three (3) years beginning from the day of substantial 
completion of the work by the Architect. Refer to the Alternates specification sec-
tion for additional years of guarantee. In all cases (base bid or alternates) specific 
equipment or materials warranties shall be guaranteed as stated hereinafter or 
as indicated on the drawings. 

2. Also, during the guarantee period, be responsible for the proper adjustments of 
all systems, equipment and apparatus installed by the Contractor and do all work 
necessary to ensure efficient and proper functioning of the systems and equip-
ment. 

3. Upon receipt of notice from the Owner of failure of any part of the electrical instal-
lation during the guarantee period, new replacement parts shall be furnished and 
installed promptly at no cost. 

4. Warranty From the Manufacturer:  Contractor shall obtain all warranty papers 
and records from the Original Equipment Manufacturer according to their warran-
ty policy and deliver the same to the Owner.  Contractor shall fulfill all the Original 
Manufacturer's requirements to validate the warranty as offered by the Original 
Equipment Manufacturer. 

 
B. Provide 24-hour service for any and all warranty problems experience in the operation of the 

equipment provided. 
 

C. Any equipment or system in need of warranty work whether during regular hours or on an emer-
gency basis, shall be immediately serviced and repaired.  The warranty work and guarantee shall 
include all parts and labor and shall be furnished at no cost to the Owner. 
 

D. The Contractor shall guarantee to make good any and all defects in his work, exclusive of lamps, 
which may develop due to defective workmanship or materials, within three years from the date of 
final acceptance of the work by the Owner. 
 

E. In addition to the warranty and correction of work obligations contained in the General and sup-
plementary Conditions, correct the work of the system as embraced by the Specification, free 
from Mechanical and Electrical defects for the warranty period beginning from the day of ac-
ceptance of the building by the Architect for the beneficial use of the Owner. 
 

F. During the warranty period, take responsibility for the proper adjustments of systems, equipment 
and apparatus installed and perform work necessary to ensure the efficient and proper function-
ing of the systems and equipment. 
 

G. Certain items of equipment hereinafter specified shall be guaranteed for a longer time than the 
general warranty period.  These guarantees shall be strictly adhered to and the Contractor shall 
be responsible for service or replacement required in connection with guarantee of these items.  
These guarantees shall commence on the same date as the final acceptance by the Architect. 
 

H. Submission of a bid proposal for this Project warrants that the Contractor has reviewed the Con-
tract Documents and has found them free from ambiguities and sufficient for the construction and 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

GENERAL ELECTRICAL REQUIREMENTS 26 05 01 - 19 of 23  

proper operation of systems installed for this project. If discrepancies are found, have them clari-
fied by Addendum. 
 

I. It is possible that certain areas of the building or certain systems will be accepted at a time differ-
ent than as specified.  The date of acceptance by the Architect for beneficial use of the Owner for 
these building areas or systems will be adjusted accordingly. 

3.7  SCHEDULING OF WORK: 
 

A. The Contractor shall not be permitted to do any work in any area of any occupied building during 
normal hours, except in areas specifically assigned. 
  

B. Coordination of work by the Contractor is essential such that power outages are kept to a mini-
mum in quantity and duration.  All required outages shall be approved by the Owner for optimum 
time scheduling.  Written notice of not less than 15 calendar days shall precede all power outag-
es. Utility disruptions during normal school hours are prohibited. 

3.8  TEMPORARY FACILITIES: 
 

A. General:   Refer to the Division 1 Sections for general requirements on temporary facilities. 
 

B. Description:   Furnish and install the necessary metering and distribution equipment or an ade-
quate, 3-phase, 4 wire temporary service and all temporary wiring, including step-down or step-up 
dry-type transformers.  Exact requirements for temporary service will be determined by the Con-
tractor. 
 

C. The Contractor’s attention is directed to the Occupational Safety and Health Act, Americans with 
Disabilities Act and NEC requirements for electrical work on construction sites. 
 

D. Materials:   Lights at each floor in each stair.  At least one light outlet per 1200 square feet on 
each floor, exclusive of stairs. 

1. One 20-ampere circuit for each 7500 square feet of gross floor area per floor to 
which various trades may attach their cords. 

2. One temporary 220v power online in corridor (each elevator lobby) including 
connections to saws, fireproofing equipment and wood sanding equipment, if re-
quired. 

3. Power for testing and operating of elevators. 
4. Temporary lighting for stripping forms for all floors below grade. 
5. Power for crane operation. 

 
E. Installation:   Temporary lighting shall provide minimum foot candle levels for construction as fol-

lows: 
 

 
AREA 

 
FOOT CANDLE LEVEL 

 
General construction area lighting, corridors, 
hallways and exit ways. 

 
10 

 
Electrical equipment rooms, active storerooms, 
shops, locker and dressing areas 

 
10 

 
 F. The Contractor shall pay for all material and labor to provide and maintain temporary service. 
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G. The Contractor shall obtain and shall pay for temporary electrical service for construction power.  

 
H. Provide all underground and/or overhead equipment, transformers, overcurrent devices, wires, 

connections, etc., for obtaining power from utility company lines. 
 

I. Remove all temporary power installations and connections after permanent power is established 
and/or prior to completion of the project. 
 

J. Contractor responsible for any and all temporary utility power connection fees. 

3.9  DEMONSTRATION: 
 

A. As a part of this contract, the Contractor shall provide for the services of equipment manufactur-
ers or their established representatives to demonstrate to selected maintenance personnel the 
correct operation, safety and maintenance of all electrical equipment under this contract. 

3.10 PAINTING AND FINISHES: 
 

A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-resistant ma-
terials, hardware and fittings throughout the work.  Paint bare, untreated ferrous surfaces with 
rust-inhibiting paint.  All exterior components including supports, hangers, nuts, bolts, washers, 
vibration isolators, etc., shall be galvanized or stainless steel. 
 

B. Clean surfaces prior to application of coatings, paint, or other finishes. 
 

C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-applied 
paints shall be baked enamel with proper pre-treatment. 
 

D. Protect all finishes and restore any finishes damaged as a result of work under Division 26 to their 
original condition. 
 

E. The preceding requirements apply to all work, whether exposed or concealed. 
 

F. Remove all construction marking and writing from exposed equipment, conduit, and building sur-
faces.  Do not paint manufacturer's labels or tags. 
 

G. All exposed conduit, etc., shall be painted, except in electrical rooms, mechanical rooms, storage 
rooms, and crawl spaces.  Colors shall be selected by the Architect and conform to ANSI Stand-
ards. 
 

H. Submit color of factory-finished equipment for approval prior to ordering. 

3.11  PROTECTION OF WORK: 
 

A. Protect work, material and equipment from weather and construction operations before and after 
installation.  Properly store and handle all materials and equipment. 
 

B. Cover temporary openings in conduit and equipment to prevent the entrance of water, dirt, debris, 
or other foreign matter. 
 

C. Cover or otherwise protect all finishes. 
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D. Replace damaged materials, devices, finishes and equipment. 

3.12  OPERATION OF EQUIPMENT: 
 

A. Clean all systems and equipment prior to initial operation for testing, retesting, or other purposes.  
Set, adjust, and test all equipment in accordance with manufacturer's instructions.  Do not oper-
ate equipment unless all proper safety devices or controls are operational.  Provide all mainte-
nance and service for equipment that is authorized for operation during construction. 
 

B. Where specified, or otherwise required, provide the services of the manufacturer's factory-trained 
servicemen or technicians to start up the equipment. 
 

C. Do not use electrical systems for temporary services during construction unless authorized in 
writing by the Owner.  Where such authorization is granted, temporary use of equipment shall in 
no way limit or otherwise affect warranties or guaranty period of the work. 
 

D. Upon completion of work, clean and restore all equipment to new conditions; replace expendable 
items such as filters. 

3.13  TESTING AND ADJUSTMENT 
 

A. Perform all tests which are specified or required to demonstrate that the work is installed and op-
erating properly.  Where formal tests are required, give proper notices and perform all necessary 
preliminary tests to assure that the work is complete and ready for final test.  
 

B. Adjust all systems, equipment and controls to operate in a safe, efficient and stable manner. 
 

C. On all circuits, 600 volts or less, provide circuits that are free from ground faults, short circuits and 
open circuits. 
 

D. Other tests of a specific nature for special equipment shall be as specified under the respective 
equipment. 

3.14  IDENTIFICATIONS, ELECTRICAL DIAGRAMS AND OPERATING INSTRUCTIONS: 
 

A. Contractor shall submit for approval schematic diagrams of each electrical system installed in the 
building.  Diagrams shall indicate device location, service, type, make, model number and the 
identification number of each device in the particular system.  Following approval by all authori-
ties, the diagrams shall be framed, mounted under glass and hung in each Main Equipment 
Room where directed.  Contractor shall deliver the tracing or sepia from which the diagrams were 
reproduced to the Owner. 
 

B. All equipment shall be plainly tagged. 
 

C. All items of equipment, including motor starters, panels, etc., shall be furnished with white letters 
and numbers on black plastic identification plates or aluminum letters and numbers on black en-
graved aluminum identification plates.  Lettering shall be a minimum of 1/4" high.  Identification 
plates shall be securely affixed to each piece of equipment, starters, panels, etc., by screws or 
adhesive (Tuff-Bond #TB2 or as approved equal).  Pressure sensitive tape backing is prohibited. 
 

D. Provide three (3) copies and electronic copies of operating and maintenance instructions for all 
principal items of equipment furnished.  This material shall be bound as a volume of the "Record 
and Information Booklet" as hereinafter specified. 
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E. Provide at least 24 hours of straight time instruction to the operating personnel.  This instruction 

period shall consist of not less than three (3) consecutive 8-hour days.  Time of instruction shall 
be designated by the Owner.  Provide two DVD/Digital copies of all instructional peri-
ods/demonstrations. 

3.15  RECORD DRAWINGS AND SPECIFICATIONS: 
 

A. Upon completion of the Electrical installations, the Contractor shall deliver to the Engineer one 
complete set of prints of the Electrical Contract Drawings which shall be legibly marked in red 
pencil to show all Addenda, approved Shop Drawings, Change Orders, changes and departures 
of the installation as compared with the original design.  They shall be suitable for use in prepara-
tion of Record Drawings.  Provide electronic copies of each. 
 

B. The Contractor shall provide a record specification including all Addenda and other modifications.   
Record substantial variations in actual work performed.  Identify all substitutions. 

3.16  RECORD AND INFORMATION BOOKLET: 
 

A. The Contractor shall have prepared three (3) copies of the Record and Information Booklet as 
well as an electronic copy and deliver these copies of the booklet to the Owner.  The booklet shall 
be as specified herein.  The booklet must be approved and will not be accepted as final until so 
stamped. 
 

B. The booklet shall be bound in a three-ring loose-leaf binder similar to "National" No. 3881 with the 
following title lettered on the front and on the spine of the binder:  "Record and Information Book-
let (insert name of the project)".  No sheets larger than 8-1/2" x 11" shall be used, except sheets 
that may be neatly folded to 8-1/2" x 11" and used as a pull-out.  An Index will include the section 
tabs for each subject included.  If more than one binder is required, print covers and spines with 
Volume numbers.  Include in the front of every binder an index to all binders. 

1. Internally subdivide the binder contents with permanent page dividers, logically 
organized as described below; with tab titling clearly printed under reinforced 
laminated plastic tabs. 

2. Contents:   Prepare a Table of Contents for each volume, with each product or 
system description identified, typed on white paper. 

3. Part 1:  Directory, listing names, addresses, and telephone numbers of Electrical 
Engineers; Contractor; Electrical Subcontractors; and major Electrical equipment 
suppliers.  Provide sales and service representative names and phone numbers 
of all equipment. 

4. Part 2:  Operation and Maintenance Instructions, arranged by Specification Sec-
tion.  For each category, identify names, addresses, and telephone numbers of 
Subcontractors and suppliers.  Identify the following: 

a. Significant design criteria. 
b. List of equipment.  Complete record of material list.  Catalog brochures 

and product data for all components.  Include all submittal comments, 
and corrected catalog data and shop drawings on each piece of equip-
ment and each system. 

c. Parts list for each component, including recommended spare parts list.  
Include motor starter overload schedules. 

d. Operating instructions, including sequence of operation. 
i. Description of function, normal operating characteristics and limi-

tations, engineering data and tests, and complete nomenclature 
and commercial numbers of replacement parts.  Provide a de-
scription of each system installed. 
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ii. Manufacturer’s printed operating procedures to include start-up, 
break-in, and routine and normal operating instructions; control, 
stopping. 

e. Maintenance instructions for equipment and systems.  Detailed checkout 
procedures to insure operation of systems and gear, including recom-
mended cleaning methods and materials and special precautions identi-
fying detrimental agents. 

f. Servicing, diagnostic and troubleshooting instructions and procedures for 
systems and major equipment. 

g. Recommended preventative maintenance program, including a list of 
items requiring inspection and servicing.  Provide Chart Form indicating 
time and type of routine and preventative maintenance of electrical 
equipment, etc.  The chart shall also indicate tag number, model number 
of equipment, location and service.  

i. For replacement items, indicate type, size and quantity of the re-
placeable items. 

ii. Provide lubrication schedule, including type, grade, temperature 
range and frequency. 

iii. Provide a list of each type of lighting fixture lamp used, lamp fix-
ture used, and source. 

iv. Include estimated mean time between failures for major parts. 
h. Wiring Diagrams, Block Diagrams, and Assembly Drawings. 

i. Panelboard Circuit Directory for each panelboard, including Pan-
el Name, Panel Location, Panel Ratings, spare circuit breakers, 
spaces for additional circuit breakers. 

i. List of equipment keys turned over to the Owner. 
5. Part 3:  Project Documents and Certificates, including the following: 

a. Shop Drawings and Product Data.  Record Documents of the systems. 
b. Photocopies of certificates. 
c. Photocopies of Manufacturers’ and Contractors’ warranties, guarantees. 
d. Test Reports:  Copies of the approved results of all tests required under 

all sections of specifications. 
e. Inspection Certificates. 
f. Manufacturer’s Conformance Certificates. 

6. Provide one copy (DVD video disk) of video instruction session with each booklet 
set.  Label video disk with all pertinent information.  

7. Submit one copy of completed volumes in final form 15 days prior to final Inspec-
tion.  This copy will be returned with Engineer comments.  Revise content of 
documents as required prior to final submittal. 

8. Submit final volumes revised and electronic copies, within ten days after final in-
spection. 

 
C. Upon completion of the project, the Contractor shall furnish the Owner a complete list of suppliers 

of equipment for parts and maintenance purposes.  The list shall include the name, address, and 
telephone number of the parts and maintenance firm on a single 8-1/2" x 11" sheet of paper. 
 

D. This item shall include the furnishing of a complete list of equipment installed on the project, in-
cluding the Manufacturer’s name, the make and model number of the equipment, and address 
and telephone number of the nearest supplier who stocks maintenance and/or replacement parts.  
The list should be submitted along with as-built drawings and be typed in an organized manner. 

 
 

END OF SECTION 26 05 01 
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

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. Aluminum building wire rated 600 V or less. 
2. Copper building wire rated 600 V or less. 
3. Metal-clad cable, Type MC, rated 600 V or less. 
4. Metal-clad cable, Type MC Luminary Cable, rated 600 V or less. 
5. Connectors, splices, and terminations rated 600 V and less. 

B. Related Requirements: 

1. Section 260533 “Raceways and Boxes for Electrical Systems” 

1.3 DEFINITIONS 

A. RoHS: Restriction of Hazardous Substances. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location and termination locations.  

1.5 QUALITY ASSURANCE 

A. Electrical devices, accessories and components; are certified by a testing agency approved by 
the local authority having jurisdiction, and are listed and labeled per NFPA 70 Article 100. 

B. Installation shall comply with applicable nation, state and local electrical codes and NFPA 70. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products: Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
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1. Alpha Wire Company. 
2. American Bare Conductor. 
3. Belden Inc. 
4. Cerro Wire LLC. 
5. Southwire Company. 
6. WESCO. 

2.2 ALUMINUM BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn aluminum current-carrying conductor 
with an overall insulation layer or jacket, or both, rated 600 V or less. 

B. 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." 

C. Conductors: Aluminum, complying with ASTM B 800 and ASTM B 801. 

D. Conductor Insulation: 
 

1. Type THHN and Type THWN-2: Comply with UL 83. 

2.3 COPPER BUILDING WIRE 

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. 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." 

C. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

D. Conductor Insulation: 

1. Type NM: Comply with UL 83 and UL 719. 
2. Type USE-2and Type SE: Comply with UL 854. 
3. Type THHN and Type THWN-2: Comply with UL 83. 
4. Type XHHW-2: Comply with UL 44. 
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2.4 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. 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." 

C. Circuits: 

1. Single circuit. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

E. Ground Conductor: Insulated. 

F. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 

G. Armor: Steel; interlocked. 

2.5 METAL-CLAD CABLE, TYPE MC, MC LUMINARY CABLE  

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. 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." 

C. Circuits: 

1. Single circuit. 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

E. Ground Conductor: Insulated. 

F. Conductor Insulation: 
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1. Type THHN: No. 10 and No. 12 AWG; power conductors. 
2. Type TFN: No. 16 AWG twisted pair; control conductors 

G. Armor: Steel; interlocked. 

2.6 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. Products: Subject to compliance with requirements, available products that may be incorporated 
into the Work include, but are not limited to the following: 

1. 3M Electrical Products. 
2. AFC Cable Systems; a part of Atkore International. 
3. Gardner Bender. 
4. Hubbell Power Systems, Inc. 
5. Ideal Industries, Inc. 
6. O-Z/Gedney; a brand of Emerson Industrial Automation. 
7. TE Connectivity Ltd. 
8. Thomas & Betts Corporation; A Member of the ABB Group. 

C. Connectors: 
 

1. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with 
compression fittings, designed to connect conductors specified in this Section. 

2. Split Bolt & Set Screw Connectors: Not Acceptable. 
3. Spring Wire Connectors: Solderless spring type pressure connector with insulating 

covers for copper wire splices and taps. Use for conductor sizes 10 AWG and smaller. 
4. Solderless Pressure Connectors: High copper alloy terminal. May be used only for cable 

termination to equipment pads or terminals. Not approved for splicing. 
5. All wire connectors used in underground or exterior pull boxes shall be gel-filled twist 

connectors or a connector designed for damp and wet locations. 
6. Compression (crimp) Connectors: Long barrel; seamless, tin-plated electrolytic high 

conductivity copper tubing, internally beveled barrel ends. Connector shall be clearly 
marked with the wire size and type and proper number and location of crimps. 
Mechanical Connectors: Bolted type tin-plated; high conductivity copper alloy; spacer 
between conductors; beveled cable entrances. 

7. Heat shrinkable tubing shall meet the requirements of ANSI C119.1-1986 for buried 
connections to 90°C and shall be material flame-retarded per IEEE 383 “Vertical Tray 
Flame Test”. Motor connection kits shall consist of heat-shrinkable, polymeric insulating 
material over the connection area and a high dielectric strength mastic to seal the ends 
against ingress of moisture and contamination. Motor connection kits shall accommodate 
a range of cable sizes for both in-line and stub-type configurations. Connection kits shall 
be independent of cable manufacturer’s tolerances 

D. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material: Copper. 
2. Type: Two hole with standard barrels. 
3. Termination: Compression. 

E. Wire Connectors: 
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1. Wire nuts installed in wet locations, exterior, etc., shall be self-contain, waterproof and 

corrosion-proof units incorporating prefilled silicone grease to block out moisture and air.  
2. Connectors shall be UL listed appropriately sized according to manufacturer’s 

recommendations for the suitable wire sizes and voltage ratings. 
3. Connectors’ body shall have a color-coded outer shell. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Aluminum; 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, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, 
single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN/THWN-
2, single conductors in raceway. 

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type MC Cable, single 
conductors. 

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 
Type THHN/THWN-2, single conductors in raceway. 

G. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application. 

H. Type MC Luminary Cable may be used in short lengths (6-foot maximum) for final connections 
to lighting fixtures and may be used between light fixtures for 0-10V control. 

I. Class I Control Circuits: Type THHN-THWN, in raceway. 

J. Class II Control Circuits: Type THHN-THWN, in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 260519 - 6 of 7 

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" 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. Lubricant shall be water based, no 
Yellow 77. 

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 to Section 260529 "Hangers and Supports for Electrical Systems." 

G. Branch circuits of 120V, wire size shall be as follows: 
 

1. Homerun from panelboard to first outlet: size as indicated on E0.1 “20 Ampere Circuits” 
Chart. 

2. From first outlet to other outlets: No. 12. 

H. All circuits for exterior electric work shall be No. 10 (minimum) and contain extra No. 10 copper 
ground conductors. All exterior wiring shall be installed in conduit as specified above, unless 
otherwise noted as larger on the Drawings. 

3.4 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. 

C. Splices shall be done in junction boxes and/or outlet boxes only. 
 

1. Conductors No. 10 and smaller, use wire connectors. 
2. Conductors No. 8 and larger, shall be of the type indented into the conductor by means of 

a hand or hydraulic pressure tool.  

D. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm) of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 
Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 
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3.6 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." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 078413 "Penetration 
Firestopping." 

END OF SECTION 260519 
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SECTION 26 05 26- 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. Ground bonding common with lightning protection system. 
3. Foundation steel electrodes. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans showing dimensioned as-built locations of grounding features 
specified in "Field Quality Control" Article. 

B. Qualification Data: For testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1. Plans showing as-built, dimensioned locations of grounding features specified in "Field 
Quality Control" Article, including the following: 

a. Test wells. 
b. Ground rods. 
c. Ground rings. 
d. Grounding arrangements and connections for separately derived systems. 

2. Instructions for periodic testing and inspection of grounding features at test wells ground 
rings grounding connections for separately derived systems based on NETA MTS 
NFPA 70B. 

a. Tests shall determine if ground-resistance or impedance values remain within 
specified maximums, and instructions shall recommend corrective action if values 
do not. 

b. Include recommended testing intervals. 
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1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a member company of the InterNational Electrical Testing 
Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association to supervise on-site testing specified in Part 3. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

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, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Burndy; Part of Hubbell Electrical Systems. 
2. Dossert; AFL Telecommunications LLC. 
3. ERICO International Corporation. 
4. Fushi Copperweld Inc. 
5. Galvan Industries, Inc.; Electrical Products Division, LLC. 
6. Harger Lightning & Grounding. 
7. ILSCO. 
8. O-Z/Gedney; a brand of Emerson Industrial Automation. 
9. Robbins Lightning, Inc. 
10. SIEMENS Industry, Inc.; Energy Management Division. 

2.3 CONDUCTORS 

A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by 
applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
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4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) 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 (41 mm) wide and 1/16 inch (1.6 mm) thick. 
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 

ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 
mm) in cross section, with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) 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. 

H. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 

I. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

J. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud 
lengths, capable of single and double conductor connections. 

K. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw. 

L. Straps: Solid copper, copper lugs. Rated for 600 A. 

M. Tower Ground Clamps: Mechanical type, copper or copper alloy, terminal one two-piece clamp. 

N. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 

O. Water Pipe Clamps: 

1. Mechanical type, two pieces with stainless-steel bolts. 

a. Material: Die-cast zinc alloy. 
b. Listed for direct burial. 
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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 (19 mm by 3 m). 

B. Ground Plates: 1/4 inch (6 mm) thick, hot-dip galvanized. 

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. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 4/0 AWG 
minimum. 

1. Bury at least 24 inches (600 mm) below grade. 

C. 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 (50 mm) minimum from wall, 6 
inches (150 mm) 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. 

D. 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 SEPARATELY DERIVED SYSTEMS 

A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be 
connected to the equipment grounding conductor and to the frame of the generator. 

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 
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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 (100 mm) 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 (50 mm) above to 6 
inches (150 mm) 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 (150 mm) from the foundation. 

3.5 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70: 

1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 

C. 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. 

D. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond 
conductor to heater units, piping, connected equipment, and components. 

E. 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. 

F. Signal and Communication Equipment:  For telephone, alarm, voice and data, and other 
communication equipment, provide No. 4 AWG minimum insulated grounding conductor in 
raceway from grounding electrode system to each service location, terminal cabinet, wiring 
closet, and central equipment location. 
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1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding 
conductor on a 1/4-by-2-by-24-inch (6-by-50-by-600-mm) grounding bus. 

2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal. 

 

3.6 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 Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 
when interconnecting with lightning protection system. Bond electrical power system ground 
directly to lightning protection system grounding conductor at closest point to electrical service 
grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inches (50 mm) 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. 

D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
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. 

E. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from 
building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service pipes; 
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. 

3.7 FIELD QUALITY CONTROL 

A. Perform tests and inspections with the assistance of a factory-authorized service representative. 

B. Tests and Inspections: 
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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, at ground test 
wells, 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. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 
assembly, and other grounding electrodes. Identify each by letter in alphabetical order, 
and key to the record of tests and observations. Include the number of rods driven and 
their depth at each location, and include observations of weather and other phenomena 
that may affect test results. Describe measures taken to improve test results. 

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 Distribution Units or Panelboards Serving Electronic Equipment:  3 ohm(s). 
3. Substations and Pad-Mounted Equipment: 5 ohms. 
4. 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 26 05 26 
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SECTION 26 05 29- HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings:  For fabrication and installation details for electrical hangers and support 
systems. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, and 
coordinated with each other, using input from installers of the items involved: 

B. Seismic Qualification Certificates: For hangers and supports for electrical equipment and 
systems, accessories, and components, from manufacturer. 

C. Welding certificates. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Comply with MFMA-4 factory-fabricated components for field 
assembly. 

1. Manufacturers:  Subject to compliance with requirements, provide slotted metal angle 
and U-channel systems by one of the following: 
a. Thomas & Betts Corporation. 
b. Alstrut. 
c. Unistrut; Diversified Products 
d. Power-Strut. 

2. Manufacturers:  Subject to compliance with requirements, provide conduit sealing 
bushings and accessories by one of the following: 
a. Bridgeport Fittings 
b. GS Metals, Corporation 
c. O-Z / Gedney 
d. Raco, Inc. 
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3. Material: Pre-galvanized steel. 
4. Channel Width: 1-1/4 inches (31.75 mm). 
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 
7. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-

4. 
8. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 
9. Channel Dimensions: Selected for applicable load criteria. 

B. Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated 
fittings, designed for types and sizes of raceway or cable to be supported. 

C. 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. 

D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, 
shapes, and bars; black and galvanized. 

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their 
supports to building surfaces include the following: 

1. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel 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. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 
2) Empire Tool and Manufacturing Co., Inc. 
3) Hilti Inc. 
4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 

2. 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. 

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

4. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
5. Toggle Bolts: All-steel springhead type. 
6. Hanger Rods: Threaded steel. 
7. Powder actuated fasteners and drive pin type fasteners are not acceptable. 

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. 
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B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 
equipment and systems unless requirements in this Section are stricter. 

B. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and 
Boxes for Electrical Systems." 

C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for 
EMTs, IMCs, and RMCs as required by NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in 
diameter. 

D. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or 
other support system, sized so capacity can be increased by at least 25 percent in future 
without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

E. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) 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. 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 (90 kg). 

C. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements. 

D. 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. 
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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 (100 mm) 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 (20.7-MPa), 28-day compressive-strength concrete.  Concrete materials, 
reinforcement, and placement requirements are specified in Division 03 Section "Cast-in-Place 
Concrete." 

C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 

A. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

B. Touch Up: Clean welds and abraded areas of shop paint. Paint exposed areas after erecting 
hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA1. 

1.  Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05   
  mm). 

END OF SECTION 26 05 29 
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SECTION 26 05 33 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Nonmetal wireways and auxiliary gutters. 
5. Surface raceways. 
6. Boxes, enclosures, and cabinets. 
7. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction. 

2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, surface 
pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and handholes 
serving communications systems. 

3. Section 280528 "Pathways for Electronic Safety and Security" for conduits, surface 
pathways, innerduct, boxes, and faceplate adapters serving electronic safety and 
security. 

1.2 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. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items are 
shown and coordinated with each other, using input from installers of items involved: 

1. Structural members in paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports. 

B. Seismic Qualification Certificates: For enclosures, cabinets, and conduit racks and their 
mounting provisions, including those for internal components, from manufacturer. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include the following: 

1. AFC Cable Systems, Inc. 
2. Alflex Inc. 
3. Allied Tube & Conduit; a Tyco International Ltd. Co. 
4. Anamet Electrical, Inc.; Anaconda Metal Hose. 
5. Electri-Flex Co. 
6. Manhattan/CDT/Cole-Flex. 
7. Maverick Tube Corporation. 
8. O-Z Gedney; a unit of General Signal. 
9. Wheatland Tube Company. 
10. Steel City. 

B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and application. 

C. GRC: Comply with ANSI C80.1 and UL 6. 

D. ARC: Comply with ANSI C80.5 and UL 6A. 

E. IMC: Comply with ANSI C80.6 and UL 1242. 

F. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit. 

1. Comply with NEMA RN 1. 
2. Coating Thickness: 0.040 inch (1 mm), minimum. 

G. EMT: Comply with ANSI C80.3 and UL 797. 

H. FMC: Comply with UL 1; zinc-coated steel. 

I. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

J. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA 70. 
2. Fittings for EMT: 

a. Material: Steel. 
b. Type: Compression. 

3. 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. 

4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch (1 mm), 
with overlapping sleeves protecting threaded joints. 

K. Joint Compound for IMC, GRC: 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. 
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2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 
2. Anamet Electrical, Inc.; Anaconda Metal Hose. 
3. Arnco Corporation. 
4. CANTEX Inc. 
5. CertainTeed Corp.; Pipe & Plastics Group. 
6. Condux International, Inc. 
7. ElecSYS, Inc. 
8. Electri-Flex Co. 
9. Lamson & Sessions; Carlon Electrical Products. 
10. Manhattan/CDT/Cole-Flex. 
11. RACO; a Hubbell Company. 
12. Thomas & Betts Corporation. 

B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. ENT: Comply with NEMA TC 13 and UL 1653. 

D. RNC: Type EPC-40-PVC complying with NEMA TC 2 and UL 651 unless otherwise indicated. 

E. LFNC: Comply with UL 1660. 

F. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 

G. Fittings for LFNC: Comply with UL 514B. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman. 
5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 
6. O-Z/Gedney; a unit of General Signal. 
7. RACO; a Hubbell Company. 
8. Robroy Industries, Inc.; Enclosure Division. 
9. Scott Fetzer Co.; Adalet Division. 
10. Spring City Electrical Manufacturing Company. 
11. Thomas & Betts Corporation. 
12. Walker Systems, Inc.; Wiremold Company (The). 
13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations. 
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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 Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

F. Metal Floor Boxes: 

1. Material: Cast metal. 
2. Type: Fully adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

G. Nonmetallic Floor Boxes: Nonadjustable, round. 

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. 

H. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb (23 
kg). Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) shall 
be listed and marked for the maximum allowable weight. 

I. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

J. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover. 

K. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

L. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm 
deep) 4 inches by 2-1/8 inches by 2-1/8 inches deep (100 mm by 60 mm by 60 mm deep). 

M. Gangable boxes are allowed. 

N. 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. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

O. Cabinets: 

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
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. 
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2.4 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. 

C. Polymer Concrete Handholes and Boxes with Polymer Concrete Cover:  Molded of sand and 
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a 
combination of the two. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. CDR Systems Corporation. 
d. NewBasis. 

 
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. 

D. Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with frame 
and covers of polymer concrete. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. Christy Concrete Products. 
d. Synertech Moulded Products, Inc.; a division of Oldcastle Precast. 

 
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." “Telephone”. 
7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 
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PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit: GRC. 
2. Concealed Conduit, Aboveground: GRC. 
3. Underground Conduit: RNC, Type EPC-40-PVC direct buried unless otherwise noted. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. 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: GRC 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. Boiler rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions: MC. 
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: GRC. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4X stainless 

steel in institutional and commercial kitchens and damp or wet locations. 

C. Minimum Raceway Size: 3/4-inch (21-mm) trade size. 

D. Aluminum conduit is prohibited. 

E. 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 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. 

F. Do not install aluminum 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 (49 deg C). 
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3.2 INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of raceways 
allowed in specific occupancies and number of floors. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping. 

C. Comply with requirements in Division 26 Section "Hangers and Supports for Electrical Systems" 
for hangers and supports. 

D. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

E. 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 (300 mm) 
of changes in direction. 

F. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines. 

G. Support conduit within 12 inches ((300 mm)) of enclosures to which attached. 

H. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch (27-mm) 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 (3-m) 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 (50 mm) 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 RNC, Type EPC-40-PVC to GRC before rising above floor, including into 
wall cavity. 

I. 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. 

J. 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. 

K. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive 
compound prior to assembly. 

L. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to 
protect conductors including conductors smaller than No. 4 AWG. 

M. 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 (35-mm) trade size and insulated 
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throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with 
locknuts. Install insulated throat metal grounding bushings on service conduits. 

N. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300-mm) of slack at each 
end of pull wire. Cap underground raceways designated as spare above grade alongside 
raceways in use. 

O. Surface Raceways: 

1. Install surface raceway with a minimum 2-inch (50-mm) radius control at bend points. 
2. Secure surface raceway with two hole straps at intervals not exceeding 32 inches (813-

mm) 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. 

P. 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. 

Q. 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. Where otherwise required by NFPA 70. 

R. Expansion-Deflection Fittings:  Provide an expansion/deflection fitting in each concealed or 
exposed electrical run crossing a building expansion joint.  Fittings shall be complete with 
bronze end couplings, neoprene sleeve, tinned copper braid integral bonding jumper and 
stainless steel bands.  Expansion/deflection fittings shall be suitable for the size and type of 
conduit run they connect.  Bonding jumper shall comply with NEC and UL requirements. 

 
1. Expansion/deflection fitting shall accommodate the following movements without 

collapsing or fracturing the conduit and damaging the wires it contains: 
a. Axial expansion or contraction up to 3/4-inch. 
b. Angular misalignment of the axes of the conduits up to 30 degrees in all directions. 
c. Parallel misalignment of the axes of the conduits up to 3/4-inch in all directions. 

2. Expansion/Deflection fitting shall be OZ/Gedney Type DX or approved equal by Crouse 
Hinds (Type XD). 

S. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) 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. 

T. 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 top of box 
unless otherwise indicated. 
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U. 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 the box and cover plate or the supported equipment and box. 

V. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 

W. Locate boxes so that cover or plate will not span different building finishes. 

X. 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. 

Y. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

Z. Set metal floor boxes level and flush with finished floor surface. 

AA. 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 Division 31 Section "Earth Moving" for pipe less than 6 inches (150 
mm) 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 
(300 mm) of finished grade, make final conduit connection at end of run and complete 
backfilling with normal compaction as specified in Division 31 Section "Earth Moving." 

4. Install manufactured duct elbows for stub-up 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 (75 mm) of concrete for a minimum of 12 inches 
(300 mm) 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 (1500 mm) from edge of foundation or equipment base. 
Install insulated grounding bushings on terminations at equipment. 

6. Underground Warning Tape: Comply with requirements in Section 260553 "Identification 
for Electrical Systems." 
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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 (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, set so cover surface will be flush with finished grade. Set covers of 
other enclosures 1 inch (25 mm) above finished grade. 

D. Install handholes with bottom below frost line below grade. 

E. 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. 

F. 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 the enclosure. 

G. Field-cut openings for ducts and 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. 

H. 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 Division 03 Section "Cast-
in-Place Concrete," with a troweled finish. 

2. Dimensions:  10 inches wide by 12 inches deep (250 mm wide by 300 mm deep). 

3.5 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 Division 26 Section "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 Division 7 Section "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. 

3.8 GROUNDING 

A. Ground underground ducts and utility structures according to Division 26 Section "Grounding." 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. Demonstrate capability and compliance with requirements on completion of installation of 
underground ducts and utility structures. 

2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-
of-round duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are 
indicated, remove obstructions and retest. 

3. Test manhole and handhole grounding to ensure electrical continuity of grounding and 
bonding connections.  Measure and report ground resistance as specified in Division 26 
Section "Grounding." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

3.10 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.  
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout 
ducts. 

B. Clean internal surfaces of manholes, including sump.  Remove foreign material. 
 

END OF SECTION 26 05 33 
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SECTION 26 05 43- UNDERGROUND DUCTBANKS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Conduit, ducts, and duct accessories for direct-buried and concrete-encased duct 
banks, and in single duct runs. 

2. Handholes and boxes. 
3. Manholes. 

1.3 DEFINITION 

A. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Duct-bank materials, including separators and miscellaneous components. 
2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, 

and solvent cement. 
3. Accessories for manholes, handholes, boxes, and other utility structures. 
4. Warning tape. 
5. Warning planks. 

B. Shop Drawings for Precast or Factory-Fabricated Underground Utility Structures:  Include plans, 
elevations, sections, details, attachments to other work, and accessories, including the 
following: 

1. Duct entry provisions, including locations and duct sizes. 
2. Reinforcement details. 
3. Frame and cover design and manhole frame support rings. 
4. Ladder details. 
5. Grounding details. 
6. Dimensioned locations of cable rack inserts, pulling-in and lifting irons, and sumps. 
7. Joint details. 

C. Shop Drawings for Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:  
Include dimensioned plans, sections, and elevations, and fabrication and installation details, 
including the following: 
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1. Duct entry provisions, including locations and duct sizes. 
2. Cover design. 
3. Grounding details. 
4. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons. 

D. Duct-Bank Coordination Drawings:  Show duct profiles and coordination with other utilities and 
underground structures. 

1. Include plans and sections, drawn to scale, and show bends and locations of expansion 
fittings. 

2. Drawings shall be signed and sealed by a qualified professional engineer. 

E. Product Certificates:  For concrete and steel used in precast concrete manholes and handholes, 
as required by ASTM C 858. 

F. Qualification Data:  For professional engineer and testing agency. 

G. Source quality-control test reports. 

H. Field quality-control test reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Qualified according to ASTM E 329 for testing indicated. 

B. Comply with ANSI C2. 

C. Comply with NFPA 70. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver ducts to Project site with ends capped.  Store nonmetallic ducts with supports to prevent 
bending, warping, and deforming. 

B. Store precast concrete and other factory-fabricated underground utility structures at Project site 
as recommended by manufacturer to prevent physical damage.  Arrange so identification 
markings are visible. 

C. Lift and support precast concrete units only at designated lifting or supporting points. 

1.7 COORDINATION 

A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. 

B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of ducts and duct banks as determined by coordination with 
other utilities, underground obstructions, and surface features.  Revise locations and elevations 
from those indicated as required to suit field conditions and to ensure that duct runs drain to 
manholes and handholes, and as approved by Architect. 
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1.8 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 

B. Furnish cable-support stanchions, arms, insulators, and associated fasteners in quantities equal 
to 5 percent of quantity of each item installed. 

PART 2 - PRODUCTS 

2.1 CONDUIT 

A. Rigid Steel Conduit:  Galvanized.  Comply with ANSI C80.1. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer as 
the conduit, complying with NEMA TC 3 and UL 514B. 

2.2 NONMETALLIC DUCTS AND DUCT ACCESSORIES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. ARNCO Corp. 
2. Beck Manufacturing. 
3. Cantex, Inc. 
4. CertainTeed Corp.; Pipe & Plastics Group. 
5. Condux International, Inc. 
6. ElecSys, Inc. 
7. Electri-Flex Company. 
8. IPEX Inc. 
9. Lamson & Sessions; Carlon Electrical Products. 
10. Manhattan/CDT; a division of Cable Design Technologies. 
11. Spiraduct/AFC Cable Systems, Inc. 

B. Underground Plastic Utilities Duct:  NEMA TC 6 & 8, Type EB-20-PVC, ASTM F 512, UL 651A, 
with matching fittings by the same manufacturer as the duct, complying with NEMA TC 9. 

C. Duct Accessories: 

1. Duct Separators:  Factory-fabricated rigid PVC interlocking spacers, sized for type and 
sizes of ducts with which used, and selected to provide minimum duct spacings indicated 
while supporting ducts during concreting or backfilling. 

2. Warning Tape:  Underground-line warning tape specified in Division 26 Section. 
3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches (300 by 600 by 76 mm) in size, 

manufactured from 6000-psi (41-MPa) concrete. 

a. Color. 
b. Mark each plank with "ELECTRIC" in 2-inch- (50-mm-) high, 3/8-inch- (10-mm-) 

deep letters. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

UNDERGROUND DUCTBANKS                                                                                     26 05 43 - 4 of 13  

  
 

2.3 HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE 

A. Description:  Comply with SCTE 77. 

1. Color:  Gray. 
2. Configuration:  Units shall be designed for flush burial and have closed bottom, unless 

otherwise indicated. 
3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure. 
4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 
5. Cover Legend:  Molded lettering, "ELECTRIC," "TELEPHONE," or as indicated for each 

service. 
6. 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. 

7. Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for 
secure, fixed installation in enclosure wall. 

8. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger 
shall have factory-installed inserts for cable racks and pulling-in irons. 

B. Polymer Concrete Handholes and Boxes with Polymer Concrete Cover:  Molded of sand and 
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a 
combination of the two. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. CDR Systems Corporation. 
d. NewBasis. 

C. Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover:  Sheet-molded, 
fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame. 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. Christy Concrete Products. 
d. Synertech Moulded Products, Inc.; a division of Oldcastle Precast. 

2.4 PRECAST MANHOLES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Christy Concrete Products. 
2. Elmhurst-Chicago Stone Co. 
3. Oldcastle Precast Group. 
4. Rinker Group, Ltd. 
5. Riverton Concrete Products. 
6. Utility Concrete Products, LLC. 
7. Utility Vault Co. 
8. Wausau Tile Inc. 
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B. Comply with ASTM C 858. 

C. Structural Design Loading: Comply with requirements in "Underground Enclosure Application" 
Article. 

D. Precast Manholes: One-piece units and units with interlocking mating sections, complete with 
accessories, hardware, and features. 

E. Windows: Precast openings in walls, arranged to match dimensions and elevations of 
approaching ducts and duct banks, plus an additional 12 inches (300 mm) vertically and 
horizontally to accommodate alignment variations. 

1. Windows shall be located no less than 6 inches (150 mm) from interior surfaces of walls, 
floors, or roofs of manholes, but close enough to corners to facilitate racking of cables on 
walls. 

2. Window opening shall have cast-in-place, welded-wire fabric reinforcement for field 
cutting and bending to tie in to concrete envelopes of duct banks. 

3. Window openings shall be framed with at least two additional No. 3 steel reinforcing bars 
in concrete around each opening. 

F. Duct Entrances in Manhole Walls: Cast end-bell or duct-terminating fitting in wall for each 
entering duct. 

1. Type and size shall match fittings to duct or conduit to be terminated. 
2. Fittings shall align with elevations of approaching ducts and be located near interior 

corners of manholes to facilitate racking of cable. 

G. Concrete Knockout Panels: 1-1/2 to 2 inches (38 to 50 mm) thick, for future conduit entrance 
and sleeve for ground rod. 

H. Ground Rod Sleeve: Provide a 3-inch (75-mm) PVC conduit sleeve in manhole floors 2 inches 
(50 mm) from the wall adjacent to, but not underneath, the ducts routed from the facility. 

I. 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 UTILITY STRUCTURE ACCESSORIES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Bilco Company (The). 
2. Campbell Foundry Company. 
3. Christy Concrete Products. 
4. East Jordan Iron Works, Inc. 
5. Elmhurst-Chicago Stone Co. 
6. McKinley Iron Works, Inc. 
7. Neenah Foundry Company. 
8. NewBasis. 
9. Oldcastle Precast Group. 
10. Osburn Associates, Inc. 
11. Pennsylvania Insert Corporation. 
12. Quazite:Hubbell Power Systems, Inc. 
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13. Rinker Group, Ltd. 
14. Riverton Concrete Products. 
15. Underground Devices, Inc. 
16. Utility Concrete Products, LLC. 
17. Utility Vault Co. 
18. Wausau Tile Inc. 

B. Manhole Frames, Covers, and Chimney Components: Comply with structural design loading 
specified for manhole. 

1. Frame and Cover: Weatherproof, gray cast iron complying with ASTM A 48/A 48M, 
Class 30B with milled cover-to-frame bearing surfaces; diameter, 29 inches (725 mm). 

a. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
b. Special Covers: Recess in face of cover designed to accept finish material in 

paved areas. 

2. Cover Legend: Cast in. Selected to suit system. 

a. Legend: "ELECTRIC-LV" for duct systems with power wires and cables for 
systems operating at 600 V and less. 

b. Legend: "ELECTRIC-HV" for duct systems with medium-voltage cables. 

3. Manhole Chimney Components: Precast concrete rings with dimensions matched to 
those of roof opening. 
a. Seal joints watertight using preformed plastic or rubber conforming to 

ASTM C 990. Install sealing material according to the sealant manufacturers' 
printed instructions. 

C. Pulling Eyes in Concrete Walls: Eyebolt with reinforcing-bar fastening insert, 2-inch- (50-mm-) 
diameter eye, and 1-by-4-inch (25-by-100-mm) bolt. 

1. Working Load Embedded in 6-Inch (150-mm), 4000-psi (27.6-MPa) Concrete: 13,000-lbf 
(58-kN) minimum tension. 

D. Pulling-In and Lifting Irons in Concrete Floors: 7/8-inch- (22-mm-) diameter, hot-dip galvanized, 
bent steel rod; stress relieved after forming; and fastened to reinforcing rod. Exposed triangular 
opening. 

1. Ultimate Yield Strength: 40,000-lbf (180-kN) shear and 60,000-lbf (270-kN) tension. 

E. 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. 

F. Ground Rod Sleeve: 3-inch (75-mm), PVC conduit sleeve in manhole floors 2 inches (50 mm) 
from the wall adjacent to, but not underneath, the ducts routed from the facility. 

G. 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. 
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H. 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 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 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. 

I. 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 conduits, conduit coatings, concrete, masonry, lead, cable 
sheaths, cable jackets, insulation materials, and common metals. 

J. Portable Manhole Ladders: UL-listed, heavy-duty fiberglass specifically designed for portable 
use for access to electrical manholes. Minimum length equal to distance from deepest manhole 
floor to grade plus 36 inches (900 mm). One required. 

K. Cover Hooks: Heavy duty, designed for lifts 60 lbf (270 N) and greater. Two required. 

2.6 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to ASTM C 1037. 

B. Nonconcrete Handhole and Pull-Box Prototype Test:  Test prototypes of manholes and boxes 
for compliance with SCTE 77.  Strength tests shall be for specified tier ratings of products 
supplied. 

1. Tests of materials shall be performed by a independent testing agency. 
2. Strength tests of complete boxes and covers shall be by either an independent testing 

agency or the manufacturer.  A qualified registered professional engineer shall certify 
tests by manufacturer. 

3. Testing machine pressure gages shall have current calibration certification complying 
with ISO 9000 and ISO 10012, and traceable to NIST standards. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of ducts, 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 ducts and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of ducts 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 runs drain to manholes and 
handholes, and as approved by Architect. 
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C. Clear and grub vegetation to be removed, and protect vegetation to remain according to 
Division 02 Section "Clearing." Remove and stockpile topsoil for reapplication according to 
Division 02 Section "Clearing.” 

3.2 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Feeders 600 V and Less:  RNC, NEMA Type EPC-40-PVC, in concrete-
encased duct bank, unless otherwise indicated. 

B. Ducts for Electrical Branch Circuits:  RNC, NEMA Type EPC-40-PVC, in direct-buried duct 
bank, unless otherwise indicated. 

C. Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, 
NEMA Type EPC-40-PVC, in direct-buried duct bank, unless otherwise indicated. 

D. Underground Ducts for Telephone, Communications, or Data Circuits:  RNC, NEMA Type EPC-
40-PVC, in direct-buried duct bank, unless otherwise indicated. 

E. Underground Ducts Crossing Paved Paths, walks, driveways and roadways:  RNC, NEMA 
Type EPC-40-PVC, encased in reinforced concrete. 

F. Ducts for electrical feeders over 600V:  RNC, NEMA Type EPC-40-PVC, direct-buried, unless 
otherwise noted. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 
AASHTO HB 17, H-20 structural load rating. 

2. 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. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading 
by Vehicles: Polymer concrete units, SCTE 77, Tier 8 structural load rating. 

4. 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. 

5. Cover design load shall not exceed the design load of the handhole or box. 

B. Manholes: Precast concrete. 

1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium 
Vehicles: H-20 structural load rating according to AASHTO HB 17. 

2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: H-10 load 
rating according to AASHTO HB 17. 

3.4 EARTHWORK 

A. Excavation and Backfill:  Comply with Division Section "Earthwork" but do not use heavy-duty, 
hydraulic-operated, compaction equipment. 
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B. Restore surface features at areas disturbed by excavation and reestablish original grades, 
unless otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

C. 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 Division Sections "Lawns and Grasses" and "Exterior Plants." 

D. Cut and patch existing pavement in the path of underground ducts and utility structures 
according to Division 01 Section "Cutting and Patching." 

3.5 DUCT INSTALLATION 

A. Slope:  Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away 
from buildings and equipment.  Slope ducts from a high point in runs between two manholes to 
drain in both directions. 

B. Curves and Bends:  Use 5-degree angle couplings for small changes in direction.  Use 
manufactured long sweep bends with a minimum radius of 25 feet (7.5 m), both horizontally and 
vertically, at other locations, unless otherwise indicated. 

C. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to 
manufacturer's written instructions.  Stagger couplings so those of adjacent ducts do not lie in 
same plane. 

D. Duct 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) ducts, 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 line slope and without forming a trap in the line. 

2. Direct-Buried Duct Banks:  Install an expansion and deflection fitting in each conduit in 
the area of disturbed earth adjacent to manhole or handhole. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

E. Building Wall Penetrations:  Make a transition from underground duct to rigid steel conduit at 
least 10 feet (3 m) outside the building wall without reducing duct line slope away from the 
building, and without forming a trap in the line.  Use fittings manufactured for duct-to-conduit 
transition.  Install conduit penetrations of building walls as specified in Division 26 Section 
"Basic Electrical Materials and Methods." 

F. Sealing:  Provide temporary closure at terminations of ducts that have cables pulled.  Seal 
spare ducts at terminations.  Use sealing compound and plugs to withstand at least 15-psig 
(1.03-MPa) hydrostatic pressure. 

G. Pulling Cord:  Install 100-lbf- (445-N-) test nylon cord in ducts, including spares. 

H. Concrete-Encased Ducts:  Support ducts on duct separators. 

1. Separator Installation:  Space separators close enough to prevent sagging and deforming 
of ducts, with not less than 5 spacers per 20 feet (6 m) of duct.  Secure separators to 
earth and to ducts to prevent floating during concreting.  Stagger separators 
approximately 6 inches (150 mm) between tiers.  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. 
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2. Concreting Sequence:  Pour each run of envelope between manholes or other 
terminations in one continuous operation. 

a. Start at one end and finish at the other, allowing for expansion and contraction of 
ducts as their temperature changes during and after the pour.  Use expansion 
fittings installed according to manufacturer's written recommendations, or use 
other specific measures to prevent expansion-contraction damage. 

b. If more than one pour is necessary, terminate each pour in a vertical plane and 
install 3/4-inch (19-mm) reinforcing rod dowels extending 18 inches (450 mm) into 
concrete on both sides of joint near corners of envelope. 

3. Pouring Concrete:  Spade concrete carefully during pours to prevent voids under and 
between conduits and at exterior surface of envelope.  Do not allow a heavy mass of 
concrete to fall directly onto ducts.  Use a plank to direct concrete down sides of bank 
assembly to trench bottom.  Allow concrete to flow to center of bank and rise up in 
middle, uniformly filling all open spaces.  Do not use power-driven agitating equipment 
unless specifically designed for duct-bank application. 

4. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed 
earth and where indicated.  Arrange reinforcing rods and ties without forming conductive 
or magnetic loops around ducts or duct groups. 

5. Forms:  Use walls of trench to form side walls of duct bank where soil is self-supporting 
and concrete envelope can be poured without soil inclusions; otherwise, use forms. 

6. Minimum Space between Ducts:  3 inches (75 mm) between ducts and exterior envelope 
wall, 2 inches (50 mm) between ducts for like services, and 4 inches (100 mm) between 
power and signal ducts. 

7. Depth:  Install top of duct bank at least 24 inches (600 mm) below finished grade in areas 
not subject to deliberate traffic, and at least 30 inches (750 mm) below finished grade in 
deliberate traffic paths for vehicles, unless otherwise indicated. 

8. Stub-Ups:  Use manufactured rigid steel conduit elbows for stub-ups at poles and 
equipment and at building entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and 
encase coupling with 3 inches (75 mm) of concrete. 

b. Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, 
extend steel conduit horizontally a minimum of 60 inches (1500 mm) from edge of 
base.  Install insulated grounding bushings on terminations at equipment. 

9. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above all concrete-
encased ducts and duct banks.  Align tape parallel to and within 3 inches (75 mm) of the 
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. 

I. Direct-Buried Duct Banks: 

1. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor 
temperature. 

2. Space separators close enough to prevent sagging and deforming of ducts, with not less 
than 5 spacers per 20 feet (6 m) of duct.  Secure separators to earth and to ducts to 
prevent displacement during backfill and yet permit linear duct movement due to 
expansion and contraction as temperature changes.  Stagger spacers approximately 6 
inches (150 mm) between tiers. 

3. Excavate trench bottom to provide firm and uniform support for duct bank.  Prepare 
trench bottoms as specified in Division Section "Earth Moving" for pipes less than 6 
inches (150 mm) in nominal diameter. 

4. Install backfill as specified in Division Section "Earth Moving." 
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5. After installing first tier of ducts, 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 ducts 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 as specified in 
Division Section "Earth Moving." 

6. Install ducts with a minimum of 3 inches (75 mm) between ducts for like services and 6 
inches (150 mm) between power and signal ducts. 

7. Depth:  Install top of duct bank at least 36 inches (900 mm) below finished grade, unless 
otherwise indicated. 

8. Set elevation of bottom of duct bank below the frost line. 
9. Install manufactured duct elbows for stub-ups at poles and equipment and at building 

entrances through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts 
throughout the length of the elbow. 

10. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 
at building entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and 
encase coupling with 3 inches (75 mm) of concrete. 

b. For equipment mounted on outdoor concrete bases, extend steel conduit 
horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or 
foundation.  Install insulated grounding bushings on terminations at equipment. 

11. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above direct-
buried ducts and duct banks, placing them 24 inches (600 mm) o.c.  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 planks 12 inches (300 mm) apart, horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Precast Concrete Handhole and Manhole Installation: 

1. Comply with ASTM C 891 unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with connecting 

ducts, 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. Manhole Roof: Install with rooftop at least 15 inches (375 mm) below finished grade. 
2. Manhole Frame: In paved areas and trafficways, set frames flush with finished grade. Set 

other manhole frames 1 inch (25 mm) above finished grade. 
3. Install handholes with bottom below frost line. 
4. 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. 
5. Where indicated, cast handhole cover frame integrally with handhole structure. 

C. Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage 
provisions indicated. 
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D. Manhole Access: Circular opening in manhole roof; sized to match cover size. 

1. Manholes with Fixed Ladders: Offset access opening from manhole centerlines to align 
with ladder. 

2. Install chimney, constructed of precast concrete collars and rings, to support cast-iron 
frame to connect cover with manhole roof opening. Provide moisture-tight masonry joints 
and waterproof grouting for frame to chimney. 

E. Waterproofing: Apply waterproofing to exterior surfaces of manholes after concrete has cured at 
least three days. Waterproofing materials and installation are specified in Division 07. After 
ducts have been connected and grouted, and before backfilling, waterproof joints and 
connections, and touch up abrasions and scars. Waterproof exterior of manhole chimneys after 
mortar has cured at least three days. 

F. Dampproofing: Apply dampproofing to exterior surfaces of manholes and handholes after 
concrete has cured at least three days. Dampproofing materials and installation are specified in 
Division 07. 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. 

G. Hardware: Install removable hardware, including pulling eyes, cable stanchions, cable arms as 
required for installation and support of cables and conductors and as indicated. 

H. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 
3-7/8 inches (97 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts 
installed in the field. Use a minimum of two anchors for each cable stanchion. 

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 ducts to minimize bends and deflections required for proper entrances.  Use box 
extension if required to match depths of ducts, and seal joint between box and extension as 
recommended by the manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch (12.7-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 so cover surface will be flush with finished grade.  
Set covers of other handholes 1 inch (25 mm) above finished grade. 

D. Install handholes and boxes with bottom below the frost line, 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 the enclosure. 

F. Field-cut openings for ducts and 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. 

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 
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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 Division 03 Section "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 Division 26 Section "Grounding." 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. Demonstrate capability and compliance with requirements on completion of installation of 
underground ducts and utility structures. 

2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-
of-round duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are 
indicated, remove obstructions and retest. 

3. Test manhole and handhole grounding to ensure electrical continuity of grounding and 
bonding connections.  Measure and report ground resistance as specified in Division 26 
Section "Grounding." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

3.10 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.  
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout 
ducts. 

B. Clean internal surfaces of manholes, including sump.  Remove foreign material. 

END OF SECTION 26 05 43 
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SECTION 26 05 44- SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 
CABLING 

PART 1 - GENERAL 

1.1 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. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without 
penetrating items. 

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. 

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel 
sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal 
joint, with tabs for screw-fastening the sleeve to the board. 

C. Sleeves for Rectangular Openings: 

1. Material: Galvanized sheet steel. 
2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and 
with no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 
mm). 

b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and 
one or more sides larger than 16 inches (400 mm), thickness shall be 0.138 inch 
(3.5 mm). 
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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 the 
following provide products by one of the following available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following: 

a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 
d. 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 one of the 
following: 

a. HOLDRITE. 

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 (34.5-MPa), 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. 
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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 (6.4-mm) annular clear space between sleeve and 

raceway or cable unless sleeve seal is to be installed or unless seismic criteria require 
different clearance. 

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. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 3 inches (76.2 
mm) above finished floor level. Install sleeves during erection of floors. 

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 (25-mm) 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 (25-mm) annular clear space between raceway or cable and sleeve for 
installing sleeve-seal system. 
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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 26 05 44 
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SECTION 26 05 48 - VIBRATION AND SEISMIC CONTROLS 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. Restraint channel bracings. 
2. Restraint cables. 
3. Seismic-restraint accessories. 
4. Mechanical anchor bolts. 
5. Adhesive anchor bolts. 

B. Related Requirements: 

1. Division 26 "Hangers and Supports for Electrical Systems" for commonly used electrical 
supports and installation requirements. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1. Illustrate and indicate style, material, strength, fastening provision, and finish for each 
type and size of seismic-restraint component used. 

a. Tabulate types and sizes of seismic restraints, complete with report numbers and 
rated strength in tension and shear as evaluated by an agency acceptable to 
authorities having jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 
requirements. 

B. Delegated-Design Submittal:  For each seismic-restraint device. 

1. Include design calculations and details for selecting seismic restraints complying with 
performance requirements, design criteria, and analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

2. Design Calculations:  Calculate static and dynamic loading caused by equipment weight, 
operation, and seismic forces required to select seismic restraints and for designing 
vibration isolation bases. 

a. Coordinate design calculations with wind load calculations required for equipment 
mounted outdoors.  Comply with requirements in other Sections for equipment 
mounted outdoors. 
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3. Seismic Restraint Details: 

a. Design Analysis:  To support selection and arrangement of seismic restraints.  
Include calculations of combined tensile and shear loads. 

b. Details:  Indicate fabrication and arrangement.  Detail attachments of restraints to 
the restrained items and to the structure.  Show attachment locations, methods, 
and spacings.  Identify components, list their strengths, and indicate directions and 
values of forces transmitted to the structure during seismic events.  Indicate 
association with vibration isolation devices. 

c. Comply with requirements in other Sections for equipment mounted outdoors. 
d. Preapproval and Evaluation Documentation:  By an agency acceptable to 

authorities having jurisdiction, showing maximum ratings of restraint items and the 
basis for approval (tests or calculations). 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Show coordination of seismic bracing for electrical components with 
other systems and equipment in the vicinity, including other supports and seismic restraints. 

B. Qualification Data:  For professional engineer and testing agency. 

C. Welding certificates. 

D. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a nationally recognized testing laboratory as defined by 
OSHA in 29 CFR 1910.7 and that is acceptable to authorities having jurisdiction. 

B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are 
more stringent. 

C. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis.  They 
shall bear anchorage preapproval from OSHPD in addition to preapproval, showing maximum 
seismic-restraint ratings, by ICC-ES or another agency acceptable to authorities having 
jurisdiction.  Ratings based on independent testing are preferred to ratings based on 
calculations. Calculations (including combining shear and tensile loads) that support seismic-
restraint designs must be signed and sealed by a qualified professional engineer. 

E. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Wind-Restraint Loading: 
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1. Basic Wind Speed:  110mph. 
2. Building Classification Category:  III. 
3. Minimum 10 lb/sq. ft. multiplied by maximum area of HVAC component projected on 

vertical plane normal to wind direction and 45 degrees either side of normal. 

B. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  C. 
2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  III. 

a. Component Importance Factor:  1.25. 
b. Component Response Modification Factor:  2.0 – Masonry Bearing Wall Area, 3.0 

- Classrooms. 
c. Component Amplification Factor:  1.0. 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second):  15.68%. 
4. Design Spectral Response Acceleration at 1.0-Second Period:  5.03%. 

2.2 RESTRAINT CHANNEL BRACINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper B-Line, Inc.; a Division of Cooper Industries. 
2. Hilti, Inc. 
3. Mason Industries, Inc. 
4. Unistrut; Atkore International. 

B. Description:  MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel 
channels with accessories for attachment to braced component at one end and to building 
structure at the other end, with other matching components, and with corrosion-resistant 
coating; rated in tension, compression, and torsion forces. 

2.3 RESTRAINT CABLES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Kinetics Noise Control, Inc. 
2. Loos & Co., Inc. 
3. Vibration Mountings & Controls, Inc. 

B. Restraint Cables:  ASTM A 603 galvanized-steel cables.  End connections made of steel 
assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; with 
a minimum of two clamping bolts for cable engagement. 

2.4 SEISMIC-RESTRAINT ACCESSORIES 

A. Manufacturers:  Subject to compliance with requirements available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper B-Line, Inc.; a Division of Cooper Industries. 
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2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 
4. TOLCO; a brand of NIBCO INC. 

B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 
connections to hanger rod. 

C. Hinged and Swivel Brace Attachments:  Multifunctional steel connectors for attaching hangers 
to rigid channel bracings and restraint cables. 

D. Bushings for Floor-Mounted Equipment Anchor Bolts:  Neoprene bushings designed for rigid 
equipment mountings and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings and matched to type and 
size of attachment devices used. 

F. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face. 

2.5 MECHANICAL ANCHOR BOLTS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper B-Line, Inc.; a Division of Cooper Industries. 
2. Hilti, Inc. 
3. Kinetics Noise Control, Inc. 
4. Mason Industries, Inc. 

B. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel 
for interior applications and stainless steel for exterior applications.  Select anchor bolts with 
strength required for anchor and as tested according to ASTM E 488. 

2.6 ADHESIVE ANCHOR BOLTS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Hilti, Inc. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 

B. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing PVC or urethane 
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  
Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless 
steel for exterior applications.  Select anchor bolts with strength required for anchor and as 
tested according to ASTM E 488. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic-control devices for 
compliance with requirements for installation tolerances and other conditions affecting 
performance of the Work. 

B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual locations 
before installation. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 APPLICATIONS 

A. Multiple Raceways or Cables:  Secure raceways and cables to trapeze member with clamps 
approved for application by an agency acceptable to authorities having jurisdiction. 

B. Hanger-Rod Stiffeners:  Install hanger-rod stiffeners where indicated or scheduled on Drawings 
to receive them and where required to prevent buckling of hanger rods caused by seismic 
forces. 

C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of 
components so strength will be adequate to carry present and future static and seismic loads 
within specified loading limits. 

3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete.” 

B. Equipment and Hanger Restraints: 

1. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch. 

2. Install seismic-restraint devices using methods approved by an agency acceptable to 
authorities having jurisdiction providing required submittals for component. 

C. Install cables so they do not bend across edges of adjacent equipment or building structure. 

D. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide 
resilient media where equipment or equipment-mounting channels are attached to wall. 

E. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at 
flanges of beams, at upper truss chords of bar joists, or at concrete members. 

F. Drilled-in Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 
anchors.  Do not damage existing reinforcing or embedded items during coring or drilling.  
Notify the structural engineer if reinforcing steel or other embedded items are 
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encountered during drilling.  Locate and avoid prestressed tendons, electrical and 
telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full 
design strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty 
sleeve anchors shall be installed with sleeve fully engaged in the structural element to 
which anchor is to be fastened. 

4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust prior to 
installation of adhesive.  Place adhesive in holes proceeding from the bottom of the hole 
and progressing toward the surface in such a manner as to avoid introduction of air 
pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior 

applications. 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways 
where they cross seismic joints, where adjacent sections or branches are supported by different 
structural elements, and where connection is terminated to equipment that is anchored to a 
different structural element from the one supporting them as they approach equipment. 

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 with the assistance of a factory-authorized service 
representative: 

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable 
to authorities having jurisdiction. 

2. Schedule test with Owner, through Architect, before connecting anchorage device to 
restrained component (unless postconnection testing has been approved), and with at 
least seven days' advance notice. 

3. Obtain Architect's approval before transmitting test loads to structure.  Provide temporary 
load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners selected by 
Architect. 

5. Test to 90 percent of rated proof load of device. 

C. Seismic controls will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.6 ADJUSTING 

A. Adjust restraints to permit free movement of equipment within normal mode of operation. 

END OF SECTION 260548 
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SECTION 26 05 53 - IDENTIFICATION 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. 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. 

B. Delegated-Design Submittal: For arc-flash hazard study. 

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 and Section 260574 "Overcurrent Protective Device Arc-Flash Study" 
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. 
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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. Raceways and Cables Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field. 
2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed 
below for ungrounded service feeder and branch-circuit conductors. 

1. Color shall be factory applied. 
2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 
d. Neutral: White. 

3. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 
b. Phase B: Orange. 
c. Phase C: Yellow. 
d. Neutral: Gray. 

4. Color for Equipment Grounds: Green. 
5. Colors for Isolated Grounds: Green with white stripe. 

C. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 

D. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT 
OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES (915 MM)." 

2.3 LABELS 

A. 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. 

1. Manufacturers: 

a. Brady Corporation. 
b. Hellermann Tyton. 
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c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

B. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3 mil (0.08 mm) thick, multicolor, weather 
and UV resistant, pressure-sensitive adhesive labels, configured for intended use and location.  

1. Manufacturers: 

a. Brady Corporation. 
b. Hellermann Tyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

2.4 BANDS AND TUBES 

A. Snap-around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 
inches (50 mm) long, with diameters sized to suit diameter and that stay in place by gripping 
action. 

1. Manufacturers: 

a. Brady Corporation. 
b. Hellermann Tyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 

2.5 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. 

1. Manufacturers: 

a. Carlton Industries, LP 
b. Champion America 
c. Hellermann Tyton 
d. Ideal Industries, Inc. 
e. Marking Services, Inc. 
f. Panduit Corp. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
(0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide; compounded for outdoor use. 

1. Manufacturers: 

a. Brady Corporation. 
b. Carlton Industries, LP 
c. Emedeo 
d. Marking Services, Inc. 
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C. Floor Marking Tape: 2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with 
yellow and black stripes and clear vinyl overlay. 

1. Manufacturers: 

a. Carlton Industries, LP 
b. Seton Identification Products. 

D. Detectable Underground-Line Warning Tape: 

1. Manufacturers: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. LEM Products, Inc. 
d. Marking Services, Inc. 
e. Reef Industries, Inc. 
f. Seton Identification Products. 

2. Tape: 

a. Recommended by manufacturer for the method of installation and suitable to 
identify and locate underground electrical and communications utility 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. 

3. 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". 

E. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 
inch (25 mm). 

2.6 SIGNS 

A. Baked-Enamel Signs: 

1. Manufacturers: 

a. Carlton Industries, LP 
b. Champion America 
c. Emedco 
d. Marking Services, Inc. 
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2. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size 
required for application. 

3. 1/4-inch (6.4-mm) grommets in corners for mounting. 
4. Nominal Size: 7 by 10 inches (180 by 250 mm). 

B. Metal-Backed Butyrate Signs: 

1. Manufacturers: 

a. Carlton Industries, LP 
b. Champion America 
c. Emedco 
d. Marking Services, Inc. 

2. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 0.0396-
inch (1-mm) galvanized-steel backing, punched and drilled for fasteners, and with colors, 
legend, and size required for application. 

3. 1/4-inch (6.4-mm) grommets in corners for mounting. 
4. Nominal Size: 10 by 14 inches (250 by 360 mm). 

C. Laminated Acrylic or Melamine Plastic Signs: 

1. Manufacturers: 

a. Carlton Industries, LP 
b. Champion America 
c. Emedco 
d. Marking Services, Inc. 

2. Engraved legend. 
3. Thickness: 

a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick). 
b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick. 
c. Engraved legend with white letters on a black background. 
d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets in 

corners for mounting. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.7 CABLE TIES 

1. Manufacturers: 

a. Hellerman Tyton 
b. Ideal Industries, Inc. 
c. Marking Services, Inc. 
d. Panduit Corp. 

B. 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). 
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2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D 638: 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. 

C. 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 D 638: 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. 

D. 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 D 638: 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. 

2.8 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. 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. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 
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G. 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. 

H. System Identification for Raceways and Cables under 600 V: Identification shall completely 
encircle cable or conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. System Identification for Raceways and Cables over 600 V: Identification shall completely 
encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by 
side. 

1. Secure tight to surface of conductor, cable, or raceway. 

J. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and 
signal connections. 

K. 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, emergency power. 

L. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from the floor. 

M. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the 
following systems with the wiring system legend and system voltage. System legends shall be 
as follows: 

1. "EMERGENCY POWER." 
2. "POWER." 
3. "UPS." 

N. Snap-around Labels: Secure tight to surface 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. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

R. 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. 
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S. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written 
instructions. 

T. 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 concrete 
envelope exceeds 16 inches (400 mm) overall. 

2. Limit use of underground-line warning tape to direct-buried cables. 
3. Install underground-line warning tape for direct-buried cables and cables in raceways. 

U. Baked-Enamel Signs: 

1. Attach signs 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. 

V. Metal-Backed Butyrate Signs: 

1. Attach signs 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. 

W. 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. 

X. 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. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits, More Than 20 A and 120 V to Ground: Identify with snap-around labels applied in 
bands. 
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1. Locate identification label at 10 foot (3-m) maximum intervals. 

D. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each 
junction and pull box of the following systems with self-adhesive labels containing the wiring 
system legend and system voltage. System legends shall be as follows: 

1. “Security System” – blue and yellow. 
2. “Power” – orange. 
3. "Emergency Power” – yellow. 
4. “Control Wiring” – green and red. 
5. “Mechanical & Electrical Supervisory System” – green and blue. 
6. “Fire Alarm System” – red. 
7. “Telecommunication System” – green and yellow. 

E. 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. 

F. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
manholes, and handholes, use self-adhesive wraparound labels with the conductor or cable 
designation, origin, and destination. 

G. Control-Circuit Conductor Termination Identification: For identification at terminations, provide 
self-adhesive wraparound labels with the conductor designation. 

H. 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. 

I. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

J. Workspace Indication: Apply floor marking tape 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. 

K. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded 
conductors. 

L. 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. 
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M. Arc Flash Warning Labeling: Self-adhesive labels. 

N. Operating Instruction Signs: Laminated acrylic or melamine plastic signs. 

O. 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 emergency power. 

P. Equipment Identification Labels: 

1. Indoor Equipment: Laminated acrylic or melamine plastic sign. 
2. Outdoor Equipment: Laminated acrylic or melamine sign. 
3. Equipment to be labeled (all may not apply to this project): 

 
a. Panelboards, electrical cabinets, and enclosures. 
b. Access doors and panels for concealed electrical items. 
c. Electrical switchgear and switchboards. 
d. Transformers. 
e. Electrical substations. 
f. Emergency system boxes and enclosures. 
g. Motor-control centers. 
h. Disconnect switches. 
i. Enclosed circuit breakers. 
j. Motor starters 
k. Push-button stations. 
l. Power transfer equipment. 
m. Contactors. 
n. Remote-controlled switches, dimmer modules, and control devices. 
o. Battery inverter units. 
p. Battery racks. 
q. Power-generating units. 
r. Voice and data cable terminal equipment. 
s. Master clock and program equipment. 
t. Time clocks 
u. Intercommunication and call system master and staff stations. 
v. Television/audio components, racks, and controls. 
w. Fire-alarm control panel and annunciators. 
x. Security and intrusion-detection control stations, control panels, terminal cabinets 

and racks. 
y. Monitoring and control equipment. 
z. Uninterruptible power supply equipment. 
aa. Terminals, racks, and patch panels for voice and data communication and for 

signal and control functions. 
bb. Dimmers. 
cc. Transformers. 

END OF SECTION 26 05 53 
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SECTION 26 05 73- OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes computer-based, overcurrent protective device coordination studies to 
determine overcurrent protective devices and to determine overcurrent protective device 
settings for selective tripping. 

B. Review of electrical equipment shop drawings shall not proceed until the overcurrent protective 
device coordination study is submitted. 

C. Arc-Flash labels shall be provided on all electrical distribution equipment with label as indicated 
by study. 

1.2 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Other Action Submittals: Submit the following after the approval of system protective devices 
submittals. Submittals may be in digital form. 

1. Coordination-study input data, including completed computer program input data sheets. 
2. Study and equipment evaluation reports. 
3. Overcurrent protective device coordination study report; signed, dated, and sealed by a 

qualified professional engineer. 

a. Submit study report for action prior to receiving final approval of the distribution 
equipment submittals. If formal completion of studies will cause delay in equipment 
manufacturing, obtain approval from Architect for preliminary submittal of sufficient 
study data to ensure that the selection of devices and associated characteristics is 
satisfactory. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Coordination Study Specialist. 

B. Product Certificates: For overcurrent protective device coordination study software, certifying 
compliance with IEEE 399. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For the overcurrent protective devices to include in 
emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 
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a. The following parts from the Protective Device Coordination Study Report: 

1) One-line diagram. 
2) Protective device coordination study. 
3) Time-current coordination curves. 

b. Power system data. 

1.5 QUALITY ASSURANCE 

A. Studies shall use computer programs that are distributed nationally and are in wide use. 
Software algorithms shall comply with requirements of standards and guides specified in this 
Section. Manual calculations are unacceptable. 

B. Coordination Study Specialist Qualifications: Professional engineer in charge of performing the 
study and documenting recommendations, licensed in the state where Project is located. All 
elements of the study shall be performed under the direct supervision and control of this 
professional engineer. 

PART 2 - PRODUCTS 

2.1 COMPUTER SOFTWARE DEVELOPERS 

A. Software Developers: 

1. Coordinated Power Engineering, Inc. 
2. CGI Cyme 
3. EDSA Micro Corporation. 
4. ESA, Inc. 
5. Operation Technology, Inc. 
6. Power Analytics Corporation. 
7. SKM Systems Analysis, Inc. 

B. Comply with IEEE 242 and IEEE 399. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate mandatory features as listed in IEEE 399. 

D. Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. Computer software program shall report device 
settings and ratings of all overcurrent protective devices and shall demonstrate selective 
coordination by computer-generated, time-current coordination plots. 

2.2 PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS 

A. Executive summary. 

B. Study descriptions, purpose, basis and scope. Include case descriptions, definition of terms and 
guide for interpretation of the computer printout. 

C. One-line diagram, showing the following: 
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1. Protective device designations and ampere ratings. 
2. Cable size and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, and panelboard designations. 

D. Study Input Data: As described in "Power System Data" Article. 

E. Protective Device Coordination Study: 

1. Report recommended settings of protective devices, ready to be applied in the field. Use 
manufacturer's data sheets for recording the recommended setting of overcurrent 
protective devices when available. 

a. Phase and Ground Relays: 

1) Device tag. 
2) Relay current transformer ratio and tap, time dial, and instantaneous pickup 

value. 
3) Recommendations on improved relaying systems, if applicable. 

b. Circuit Breakers: 

1) Adjustable pickups and time delays (long time, short time, ground). 
2) Adjustable time-current characteristic. 
3) Adjustable instantaneous pickup. 
4) Recommendations on improved trip systems, if applicable. 

c. Fuses: Show current rating, voltage, and class. 

F. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to 
achieve selective coordination. Graphically illustrate that adequate time separation exists 
between devices installed in series, including power utility company's upstream devices. 
Prepare separate sets of curves for the switching schemes and for emergency periods where 
the power source is local generation. Show the following information: 

1. Device tag and title, one-line diagram with legend identifying the portion of the system 
covered. 

2. Terminate device characteristic curves at a point reflecting maximum symmetrical or 
asymmetrical fault current to which the device is exposed. 

3. Identify the device associated with each curve by manufacturer type, function, and, if 
applicable, tap, time delay, and instantaneous settings recommended. 

4. Plot the following listed characteristic curves, as applicable: 

a. Power utility's overcurrent protective device. 
b. Low-voltage fuses including manufacturer's minimum melt, total clearing, 

tolerance, and damage bands. 
c. Low-voltage equipment circuit-breaker trip devices, including manufacturer's 

tolerance bands. 
d. Transformer full-load current, magnetizing inrush current. 
e. Ground-fault protective devices. 
f. The largest feeder circuit breaker in each motor-control center and panelboard. 

5. Provide adequate time margins between device characteristics such that selective 
operation is achieved. 
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6. Comments and recommendations for system improvements. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical 
distribution system coordination requirements and other conditions affecting performance. 
Devices to be coordinated are indicated on Drawings. 

1. Proceed with coordination study only after relevant equipment submittals have been 
assembled. Overcurrent protective devices that have not been submitted and approved 
prior to coordination study may not be used in study. 

3.2 PROTECTIVE DEVICE COORDINATION STUDY 

A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time 
intervals. 

B. Comply with IEEE 399 for general study procedures. 

C. The study shall be based on the device characteristics supplied by device manufacturer. 

D. The extent of the electrical power system to be studied is indicated on Drawings. 

E. Study electrical distribution system from normal and alternate power sources throughout 
electrical distribution system for Project. Study all cases of system-switching configurations and 
alternate operations that could result in maximum fault conditions. 

F. The calculations shall include the ac fault-current decay from induction motors. The calculations 
shall also account for the fault-current dc decrement, to address the asymmetrical requirements 
of the interrupting equipment. 

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as 
defined for the three-phase bolted fault short-circuit study. 

G. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and 
single line-to-ground fault at each of the following: 

1. Electric utility's supply termination point. 
2. Low-voltage switchgear. 
3. Motor-control centers. 
4. Standby generators and automatic transfer switches. 
5. Branch circuit panelboards. 

H. Protective Device Evaluation: 

1. Evaluate equipment and protective devices and compare to short-circuit ratings. 
2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand 

short-circuit stresses. 
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3.3 POWER SYSTEM DATA 

A. Obtain all data necessary for the conduct of the overcurrent protective device study. 

1. Verify completeness of data supplied in the one-line diagram on Drawings. Call 
discrepancies to the attention of Architect. 

2. Use characteristics submitted under the provisions of action submittals and information 
submittals for this Project. 

B. Gather and tabulate the following input data to support coordination study. The list below is a 
guide. 

1. Product Data for overcurrent protective devices specified in other Sections and involved 
in overcurrent protective device coordination studies. Use equipment designation tags 
that are consistent with electrical distribution system diagrams, overcurrent protective 
device submittals, input and output data, and recommended device settings. 

2. Electrical power utility impedance at the service. 
3. Power sources and ties. 
4. Short-circuit current at each system bus, three phase and line-to-ground. 
5. Full-load current of all loads. 
6. Voltage level at each bus. 
7. For transformers, include kVA, primary and secondary voltages, connection type, 

impedance, X/R ratio, taps measured in percent, and phase shift. 
8. For circuit breakers and fuses, provide manufacturer and model designation. List type of 

breaker, type of trip and available range of settings, SCCR, current rating, and breaker 
settings. 

9. Maximum demands from service meters. 
10. Busway manufacturer and model designation, current rating, impedance, lengths, and 

conductor material. 
11. Motor horsepower and NEMA MG 1 code letter designation. 
12. Low-voltage cable sizes, lengths, number, conductor material, and conduit material 

(magnetic or nonmagnetic). 
13. Data sheets to supplement electrical distribution system diagram, cross-referenced with 

tag numbers on diagram, showing the following: 

a. Special load considerations, including starting inrush currents and frequent starting 
and stopping. 

b. Ratings, types, and settings of utility company's overcurrent protective devices. 
c. Special overcurrent protective device settings or types stipulated by utility 

company. 
d. Time-current-characteristic curves of devices indicated to be coordinated. 
e. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere 

or current sensor rating, long-time adjustment range, short-time adjustment range, 
and instantaneous adjustment range for circuit breakers. 

f. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment 
range, instantaneous attachment adjustment range, and current transformer ratio 
for overcurrent relays. 

g. Panelboards, switchboards, motor-control center ampacity, and SCCR in amperes 
rms symmetrical. 

3.4 ARC-SLASH HAZARD 

A. Perform Arc-Flash Hazard Analysis and provide results indicating personnel protective 
equipment required for the potential hazard. 
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3.5 FIELD ADJUSTING 

A. Adjust relay and protective device settings according to the recommended settings provided by 
the coordination study. Field adjustments shall be completed by the engineering service division 
of the equipment manufacturer under the Startup and Acceptance Testing contract portion. 

B. Make minor modifications to equipment as required to accomplish compliance with short-circuit 
and protective device coordination studies. 

C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who holds 
NETA ETT Level III certification or NICET Electrical Power Testing Level III certification. 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. Perform 
NETA tests and inspections for all adjustable overcurrent protective devices. 

3.6 DEMONSTRATION 

A. Engage the Coordination Study Specialist to train Owner's maintenance personnel in the 
following: 

1. Acquaint personnel in the fundamentals of operating the power system in normal and 
emergency modes. 

2. Hand-out and explain the objectives of the coordination study, study descriptions, 
purpose, basis, and scope. Include case descriptions, definition of terms, and guide for 
interpreting the time-current coordination curves. 

3. Adjust, operate, and maintain overcurrent protective device settings. 

END OF SECTION 26 05 73 
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SECTION 26 05 74- OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance 
and the incident energy to which personnel could be exposed during work on or near electrical 
equipment. 

1.2 ACTION SUBMITTALS 

A. Product Data: For computer software program to be used for studies. 

B. Study Submittals: Submit the following submittals after the approval of system protective 
devices submittals. Submittals shall be in digital form. 

1. Arc-flash study input data, including completed computer program input data sheets. 
2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer. 

a. Submit study report for action prior to receiving final approval of the distribution 
equipment submittals. If formal completion of studies will cause delay in equipment 
manufacturing, obtain approval from Architect for preliminary submittal of sufficient 
study data to ensure that the selection of devices and associated characteristics is 
satisfactory. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Arc-Flash Study Specialist. 

B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with 
IEEE 1584 and NFPA 70E. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: 

1. Maintenance procedures according to requirements in NFPA 70E shall be provided in the 
equipment manuals. 

2. Operation and Maintenance Procedures: In addition to items specified in Section 017823 
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's 
personnel that comply with requirements in NFPA 70E. 

1.5 QUALITY ASSURANCE 

Studies shall use computer programs that are distributed nationally and are in wide use. 
Software algorithms shall comply with requirements of standards and guides specified in this 
Section. Manual calculations are unacceptable. 
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A. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer 
software used for studies, having performed successful studies of similar magnitude on 
electrical distribution systems using similar devices. 

1. The computer program shall be developed under the charge of a licensed professional 
engineer who holds IEEE Computer Society's Certified Software Development 
Professional certification. 

B. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the 
study, analyzing the arc flash, and documenting recommendations, licensed in the state where 
Project is located. All elements of the study shall be performed under the direct supervision and 
control of this professional engineer. 

C. Field Adjusting Agency Qualifications: An independent agency, with the experience and 
capability to adjust overcurrent devices and to conduct the testing indicated, that is a member 
company of the InterNational Electrical Testing Association or is a nationally recognized testing 
laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities 
having jurisdiction. 

PART 2 - PRODUCTS 

2.1 SOFTWARE DEVELOPERS 

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

1. CGI CYME. 
2. EDSA Micro Corporation. 
3. ESA Inc. 
4. Operation Technology, Inc. 
5. Power Analytics, Corporation. 

B. Comply with IEEE 1584 and NFPA 70E. 

C. Analytical features of device coordination study computer software program shall have the 
capability to calculate mandatory features as listed in IEEE 399. 

2.2 ARC-FLASH STUDY REPORT CONTENT 

A. Executive summary. 

B. Study descriptions, purpose, basis and scope. 

C. One-line diagram, showing the following: 

1. Protective device designations and ampere ratings. 
2. Cable size and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center and panelboard designations. 

D. Study Input Data: As described in "Power System Data" Article. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 26 05 74 - 3 of 5  

E. Protective Device Coordination Study Report Contents: As specified in "Protective Device 
Coordination Study Report Contents" Article in Section 260573 "Overcurrent Protective Device 
Coordination Study." 

F. Arc-Flash Study Output: 

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the 
following for each overcurrent device location: 

a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical 

basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis. 

G. Incident Energy and Flash Protection Boundary Calculations: 

1. Arcing fault magnitude. 
2. Protective device clearing time. 
3. Duration of arc. 
4. Arc-flash boundary. 
5. Working distance. 
6. Incident energy. 
7. Hazard risk category. 
8. Recommendations for arc-flash energy reduction. 

H. Fault study input data, case descriptions, and fault-current calculations including a definition of 
terms and guide for interpretation of the computer printout. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only 
after relevant equipment submittals have been assembled. Overcurrent protective devices that 
have not been submitted and approved prior to arc-flash study may not be used in study. 

3.2 ARC-FLASH HAZARD ANALYSIS 

A. Comply with NFPA 70E and its Annex D for hazard analysis study. 

B. Preparatory Studies: 
1. Protective Device Coordination Study Report Contents: As specified in "Protective Device 

Coordination Study Report Contents" Article in Section 260573 "Overcurrent Protective 
Device Coordination Study." 

C. Calculate maximum and minimum contributions of fault-current size. 
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1. The minimum calculation shall assume that the utility contribution is at a minimum and 
shall assume no motor load. 

2. The maximum calculation shall assume a maximum contribution from the utility and shall 
assume motors to be operating under full-load conditions. 

D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical 
distribution system where personnel could perform work on energized parts. 

E. Include low-voltage equipment locations, except equipment rated 240-V ac or less fed from 
transformers less than 125 kVA. 

F. Safe working distances shall be specified for calculated fault locations based on the calculated 
arc-flash boundary, considering incident energy of 1.2 cal/sq.cm. 

G. Incident energy calculations shall consider the accumulation of energy over time when 
performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take 
into account the changing current contributions, as the sources are interrupted or decremented 
with time. Fault contribution from motors shall be decremented as follows: 

1. Fault contribution from induction motors should not be considered beyond three to five 
cycles. 

H. Arc-flash computation shall include both line and load side of a circuit breaker as follows: 

1. When the circuit breaker is in a separate enclosure. 
2. When the line terminals of the circuit breaker are separate from the work location. 

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum 
clearing time at two seconds based on IEEE 1584, Section B.1.2. 

3.3 POWER SYSTEM DATA 

A. Obtain all data necessary for the conduct of the arc-flash hazard analysis. 

1. Verify completeness of data supplied on the one-line diagram on Drawings  Call 
discrepancies to the attention of Architect. 

2. For new equipment, use characteristics submitted under the provisions of action 
submittals and information submittals for this Project. 

B. Electrical Survey Data: Gather and tabulate the following input data to support study. 

1. Product Data for overcurrent protective devices specified in other Sections and involved 
in overcurrent protective device coordination studies. Use equipment designation tags 
that are consistent with electrical distribution system diagrams, overcurrent protective 
device submittals, input and output data, and recommended device settings. 

2. Obtain electrical power utility impedance at the service. 
3. Power sources and ties. 
4. For circuit breakers and fuses, provide manufacturer and model designation. List type of 

breaker, type of trip and available range of settings, SCCR, current rating, and breaker 
settings. 

5. Busway manufacturer and model designation, current rating, impedance, lengths, and 
conductor material. 

6. Motor horsepower and NEMA MG 1 code letter designation. 
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7. Low-voltage cable sizes, lengths, number, conductor material and conduit material 
(magnetic or nonmagnetic). 

3.4 DEMONSTRATION 

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential 
arc-flash hazards associated with working on energized equipment and the significance of the 
arc-flash warning labels. 

END OF SECTION 26 05 74 
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SECTION 26 09 23- LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Photoelectric switches. 
2. Standalone daylight-harvesting switching and dimming controls. 
3. Indoor occupancy and vacancy sensors. 
4. Switchbox-mounted vacancy sensors 
5. Lighting contactors. 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-switch 
occupancy sensors, and manual light switches. 

1.2 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. 
4. Floor plans with all sensor locations and associated coverage patterns. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and elevations, drawn to scale and 
coordinated with each other, using input from installers of the items involved. 

B. Field quality-control reports. 

C. Sample warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Software and firmware operational documentation. 
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1.5 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control 
devices that fail(s) in materials or workmanship within specified warranty period. 

1. Warranty Period: Two (2) years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 INDOOR OCCUPANCY AND VACANCY SENSORS 

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

1. Eaton Controls. 
2. Acuity Controls NLight. 
3. Wattstopper/Legrand. 
4. Leviton. 

B. General Requirements for Sensors: 

1. Ceiling-mounted, solid-state indoor occupancy and vacancy sensors. 
2. Passive infrared Ultrasonic Dual technology. 
3. Separate power pack. 
4. Hardwired connection to switch in stand-alone rooms. 
5. Low voltage connections via networked lighting control panels. 
6. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and application. 
7. Operation: 

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when coverage area 
is occupied, and turn them off when unoccupied; with a time delay for turning lights 
off, adjustable over a minimum range of 1 to 30 minutes. 

b. Vacancy Sensor: Unless otherwise indicated, lights are manually turned on and 
sensor turns lights off when the room is unoccupied; with a time delay for turning 
lights off, adjustable over a minimum range of 1 to 30 minutes. 

c. Combination Sensor: Unless otherwise indicated, sensor shall be programmed to 
turn lights on when coverage area is occupied and turn them off when unoccupied, 
or to turn off lights that have been manually turned on; with a time delay for turning 
lights off, adjustable over a minimum range of 1 to 30 minutes. 

8. Sensor Output: Sensor is powered from the power pack. 
9. Power Pack: Dry contacts rated for 20-A ballast LED load at 120- and 277-V ac, for 13-A 

tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, Class 2 
power source, as defined by NFPA 70. 

10. Power Failure memory: 
a. Controls incorporate non-volatile memory.  Should power be interrupted and 

subsequently restored, settings and parameters saved in protected memory shall 
not be lost. 

b. Designed and tested to withstand discharges without impairment of performance 
when subjected to dischargers of 15,000 volts per IEC 801-2. 

11. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
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b. Relay: Externally mounted through a 1/2-inch (13-mm) knockout in a standard 
electrical enclosure. 

c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged 
door. 

12. Indicator: Digital display, to show when motion is detected during testing and normal 
operation of sensor. 

13. Bypass Switch: Override the "on" function in case of sensor failure. 
14. All sensors shall provide an LED as a visual means of indication at all times to verify that 

motion is being detected during both testing and normal operation. 
15. All sensors shall have readily accessible, user adjustable settings for time delay and 

sensitivity.  Settings shall be located on the sensor (not the control unit) and shall be 
recessed to limit tampering. 

C. PIR Type: Wall or Ceiling mounted; detect occupants in coverage area by their heat and 
movement. 

1. Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of any 
portion of a human body that presents a target of not less than 36 sq. in. (232 sq. cm). 

2. Detection Coverage (Room, Ceiling Mounted): Detect occupancy anywhere in a circular 
area of 2000 sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

3. Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-
up. 

4. Extreme Temperature PIR types shall have operating temperatures from -40deg F to 
125d F.  UL Listed for damp locations.  Temperature compensating circuitry to avoid false 
activation in extreme conditions, segmented frosted lens, Immune to RFI, EMI and 
voltage fluctuations. 

D. Ultrasonic Type: Wall or Ceiling mounted; detect occupants in coverage area through pattern 
changes of reflected ultrasonic energy. 

1. Detector Sensitivity: Detect a person of average size and weight moving not less than 12 
inches (305 mm) in either a horizontal or a vertical manner at an approximate speed of 
12 inches/s (305 mm/s). 

2. Utilize Doppler shift ultrasonic detection technology. 
3. Detection Coverage (Large Room): Detect occupancy anywhere within a circular area of 

2000 sq. ft. (186 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 
4. Detection Coverage (Corridor): Detect occupancy anywhere within 80 feet (27.4 m) when 

mounted on a 10-foot- (3-m-) high ceiling in a corridor not wider than 14 feet (4.3 m). 
5. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-

degree pattern centered on the sensor over an area of 2000 square feet (220 square 
meters) when mounted84 inches (2100 mm) above finished floor. 

E. Dual-Technology Type: Wall of Ceiling mounted; detect occupants in coverage area using PIR 
and Ultrasonic detection methods. The particular technology or combination of technologies that 
control on-off functions is selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of any 

portion of a human body that presents a target of not less than 36 sq. in. (232 sq. cm), 
and detect a person of average size and weight moving not less than 12 inches (305 mm) 
in either a horizontal or a vertical manner at an approximate speed of 12 inches/s (305 
mm/s). 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area 
of 1000 sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 
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4. Incorporate Doppler shift ultrasonic and passive infrared motion detection technologies.  
Products that react to noise or ambient sound shall not be considered. 

F. Vacancy Wall Switches: 
1. Requires manual On to activate lighting. 
2. Provide a mechanical air-gap on/off function for all sensors. 
3. Capable of detection of occupancy at desktop level up to 300 square feet, and gross 

motion up to 1000 square feet. 
4. Shall accommodate loads from 0-800 watts at 120 volts; 0 to 1200 watts at 277 volts and 

shall have 180 degree coverage capability. 
5. Shall be able to have their visible plastic parts replaced, for color changes in the field, 

without removing the body of the control from the wall and without requiring special tools. 
6. Shall have no leakage current to load, in manual or in Auto/Off mode for safety purposes 

and shall have voltage drop protection. 
7. Shall be dual technology. 
8. A Neutral shall be required. 
9. Where specified as dual relay, provide two separate buttons, one for lighting, one for 

motor load.  Each relay can be set independently to automatic or manual on mode.  
Motor load relay rated for 1/4hp minimum.  Motor load relay shall have adjustable time 
delay for 10 minutes minimum after no detection. 

10. Shall have adjustable time delay. 
11. Shall have self-adaptive technology. 

2.2 LIGHTING CONTACTORS 

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

1. Eaton. 
2. General Electric Company. 
3. Square D. 

B. Description: Electrically operated and mechanically electrically held, combination-type lighting 
contactors with fusible switch non-fused disconnect, complying with NEMA ICS 2 and UL 508. 

1. Current Rating for Switching: Listing or rating consistent with type of load served, 
including tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or 
less THD of normal load current). 

2. Fault Current Withstand Rating: Equal to or exceeding the available fault current at the 
point of installation. 

3. Enclosure: Comply with NEMA 250. 
4. Provide with control and pilot devices as indicated on Drawings matching the NEMA type 

specified for the enclosure. 

2.3 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." 
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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 INSTALLATION 

A. Comply with NECA 1. 

B. Examine lighting control devices before installation. Reject lighting control devices that are wet, 
moisture damaged, or mold damaged. 

C. Coordinate layout and installation of ceiling-mounted devices with other construction that 
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke 
detectors, fire-suppression systems, and partition assemblies and per shop drawings. 

D. Install and aim sensors in locations to achieve not less than 90-percent coverage of areas 
indicated. Do not exceed coverage limits specified in manufacturer's written instructions. 

E. Mount electrically held lighting contactors with elastomeric isolator pads to eliminate structure-
borne vibration unless contactors are installed in an enclosure with factory-installed vibration 
isolators. 

3.2 WIRING INSTALLATION 

A. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." Minimum conduit size is 3/4 inch (21-mm). 

B. Wiring within Enclosures: Separate power-limited and nonpower-limited conductors according to 
conductor manufacturer's written instructions. 

C. Size conductors according to lighting control device manufacturer's written instructions unless 
otherwise indicated. 

D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

3.3 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 "Identification 
for Electrical Systems." 

B. Label time switches and contactors with a unique designation. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 
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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. Lighting control devices will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.5 ADJUSTING 

A. Occupancy Adjustments: When requested within twenty-four (24) months from date of 
Substantial Completion, provide on-site assistance in adjusting lighting control devices to suit 
actual occupied conditions. Provide up to four (4) 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. 

2. For daylighting controls, adjust set points and deadband controls to suit Owner's 
operations. 

3. Submit written documentation of completion. 

3.6 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. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain lighting control devices. 

END OF SECTION 26 09 23 
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SECTION 26 22 00 - LOW-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Distribution and buck-boost, dry-type transformers rated 600 V and less, with 
capacities up to 1500 kVA. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

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. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments 
to structure and to supported equipment. 

3. Include diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates: For transformers, accessories, and components, from 
manufacturer. 

B. Qualification Data: For testing agency. 

C. Source quality-control reports. 

D. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Temporary Heating: Apply temporary heat according to manufacturer's written instructions. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
 
1.  Square D. 
2.  General Electric Company 
3.  Siemens Power Transmission & Distribution, Inc. 
4.  Eaton. 

B. GENERAL TRANSFORMER REQUIREMENTS 

C. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

E. Transformers Rated 15 kVA and Larger: Comply with NEMA TP 1 energy-efficiency levels as 
verified by testing according to NEMA TP 2. 

1. Coil Material: Copper. 

F. Encapsulation: Transformers smaller than 30 kVA shall have core and coils completely resin 
encapsulated. 

2.2 DISTRIBUTION TRANSFORMERS 

A. Comply with NFPA 70, and list and label as complying with UL 1561. 

B. Provide transformers that are constructed to withstand seismic forces typical in region of work. 

C. Cores: One leg per phase. 

D. Enclosure: Ventilated. 

1. NEMA 250, Type 2: Core and coil shall be encapsulated within resin compound to seal 
out moisture and air. 

E. Transformer Enclosure Finish: Comply with NEMA 250. 

1. Finish Color: Gray. 
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F. Taps for Transformers 3 kVA and Smaller: None. 

G. Taps for Transformers 7.5 to 24 kVA: Two 5 percent taps below rated voltage. 

H. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and four 2.5 percent 
taps below normal full capacity. 

I. Insulation Class, Smaller than 30 kVA: 185 deg C, UL-component-recognized insulation system 
with a maximum of 115-deg C rise above 40-deg C ambient temperature. 

J. Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized insulation system 
with a maximum of 115-deg C rise above 40-deg C ambient temperature.  

K. K-Factor Rating:  Transformers indicated to be K-13 factor rated shall comply with UL 1561 
requirements for nonsinusoidal load current-handling capability to the degree defined by 
designated K-factor. 

1. Unit shall not overheat when carrying full-load current with harmonic distortion 
corresponding to designated K-factor. 

2. Indicate value of K-factor on transformer nameplate. 
3. Unit shall meet requirements of NEMA TP 1 when tested according to NEMA TP 2 with a 

K-factor equal to one. 

L. Electrostatic Shielding:  Each winding shall have an independent, single, full-width copper 
electrostatic shield arranged to minimize interwinding capacitance. 

1. Arrange coil leads and terminal strips to minimize capacitive coupling between input and 
output terminals. 

2. Include special terminal for grounding the shield. 
3. Shield Effectiveness: 

a. Capacitance between Primary and Secondary Windings:  Not to exceed 33 
picofarads over a frequency range of 20 Hz to 1 MHz. 

b. Common-Mode Noise Attenuation:  Minimum of minus 120 dBA at 0.5 to 1.5 kHz; 
minimum of minus 65 dBA at 1.5 to 100 kHz. 

c. Normal-Mode Noise Attenuation:  Minimum of minus 52 dBA at 1.5 to 10 kHz. 

M. Neutral: Rated 200 percent of full load current for Harmonic Mitigating. 

N. Wall Brackets: Manufacturer's standard brackets. 

O. Low-Sound-Level Requirement: Minimum of 3 dBA less than NEMA ST 20 standard sound 
levels when factory tested according to IEEE C57.12.91. 

2.3 BUCK-BOOST TRANSFORMERS 

A. Description: Self-cooled, two-winding dry type, rated for continuous duty and with wiring 
terminals suitable for connection as autotransformer. Transformers shall be listed and labeled 
as complying with UL 506 or UL 1561. 

B. Enclosure: Ventilated NEMA 250, Type 2. 

1. Finish Color: Gray. 
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2.4 IDENTIFICATION DEVICES 

A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution transformer, 
mounted with corrosion-resistant screws. Nameplates and label products are specified in 
Section 260553 "Identification for Electrical Systems." 

2.5 SOURCE QUALITY CONTROL 

A. Test and inspect transformers according to IEEE C57.12.01 and IEEE C57.12.91. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify that ground connections are in place and requirements in Section 260526 "Grounding 
and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 
ohms at location of transformer. 

B. Environment: Enclosures shall be rated for the environment in which they are located. Covers 
for NEMA 250, Type 4X enclosures shall not cause accessibility problems. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Install wall-mounted transformers level and plumb with wall brackets fabricated by transformer 
manufacturer. 

1. Coordinate installation of wall-mounted and structure-hanging supports with actual 
transformer provided. 

E. Install transformers level and plumb on a concrete base with vibration-dampening supports. 
Locate transformers away from corners and not parallel to adjacent wall surface. 

F. Construct concrete bases according to Section 033000 "Cast-in-Place Concrete" and anchor 
floor-mounted transformers according to manufacturer's written instructions, seismic codes 
applicable to Project, and requirements in Section 260529 "Hangers and Supports for Electrical 
Systems." 

1. Coordinate size and location of concrete bases with actual transformer provided. Cast 
anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are 
specified with concrete. 

G. Secure transformer to concrete base according to manufacturer's written instructions. 

H. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to 
reduce noise generation. 

I. Remove shipping bolts, blocking, and wedges. 
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3.2 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

C. 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. Provide flexible connections at all conduit and conductor terminations and supports to eliminate 
sound and vibration transmission to the building structure. 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS 
for dry-type, air-cooled, low-voltage transformers. Certify compliance with test 
parameters. 

B. Remove and replace units that do not pass tests or inspections and retest as specified above. 

C. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of 
transformer connections. 

1. Use an infrared-scanning device designed to measure temperature or detect significant 
deviations from normal values. Provide documentation of device calibration. 

2. Perform two follow-up infrared scans of transformers, one at four months and the other at 
11 months after Substantial Completion. 

3. Prepare a certified report identifying transformer checked and describing results of 
scanning. Include notation of deficiencies detected, remedial action taken, and scanning 
observations after remedial action. 

3.4 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 
period. Adjust transformer taps to provide optimum voltage conditions at secondary terminals. 
Optimum is defined as not exceeding nameplate voltage plus 5 percent and not being lower 
than nameplate voltage minus 3 percent at maximum load conditions. Submit recording and tap 
settings as test results. 

B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, plus 
or minus 5 percent, at secondary terminals. 

C. Output Settings Report: Prepare a written report recording output voltages and tap settings. 

END OF SECTION 262200 
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SECTION 26 24 13 - SWITCHBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Service and distribution switchboards rated 600 V and less. 
2. Surge protection devices. 
3. Disconnecting and overcurrent protective devices. 
4. Instrumentation. 
5. Control power. 
6. Accessory components and features. 
7. Identification. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each switchboard, overcurrent protective device, surge protection device, 
ground-fault protector, accessory, and component. 

B. Shop Drawings: For each switchboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details, including required 
clearances and service space around equipment. Show tabulations of installed devices, 
equipment features, and ratings. 

2. Detail enclosure types for types other than NEMA 250, Type 1. 
3. Detail bus configuration, current, and voltage ratings. 
4. Detail short-circuit current rating of switchboards and overcurrent protective devices. 
5. Detail utility company's metering provisions with indication of approval by utility company. 
6. Include evidence of NRTL listing for series rating of installed devices. 
7. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
8. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in switchboards. Submit on translucent log-log graft paper; 
include selectable ranges for each type of overcurrent protective device. 

9. Include schematic and wiring diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer and testing agency. 

B. Seismic Qualification Certificates: For switchboards, overcurrent protective devices, 
accessories, and components, from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions. 
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3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

C. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: An employer of workers qualified as defined in NEMA PB 2.1 and 
trained in electrical safety as required by NFPA 70E. 

B. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1.6 FIELD CONDITIONS 

A. Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and structures 
to provide pathway for moving switchboards into place. 

B. Environmental Limitations: 

1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet 
work in spaces is complete and dry, work above switchboards is complete, 
and temporary HVAC system is operating and maintaining ambient temperature and 
humidity conditions at occupancy levels during the remainder of the construction period. 

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated: 

a. Ambient Temperature: Not exceeding 104 deg F (40 deg C). 
b. Altitude: Not exceeding 6600 feet (2000 m). 

1.7 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace switchboard enclosures, 
buswork, overcurrent protective devices, accessories, and factory installed interconnection 
wiring that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five (5) years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Switchboards shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 
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1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. Shake-table testing shall comply with ICC-
ES AC156. 

2. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2.2 SWITCHBOARDS 

A. Available Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
 
1.  Square D. 
2.  General Electric Company 
3.  Siemens Power Transmission & Distribution, Inc. 
4.  Eaton. 

B. Source Limitations: Obtain switchboards, overcurrent protective devices, components, and 
accessories from single source from single manufacturer. 

C. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
switchboards including clearances between switchboards and adjacent surfaces and other 
items. Comply with indicated maximum dimensions. 

D. Comply with NEMA PB 2. 

E. Comply with NFPA 70. 

F. Comply with UL 891. 

G. Front-Connected, Front-Accessible Switchboards: 

1. Main Devices: Fixed, individually mounted. 
2. Branch Devices: Panel mounted. 
3. Sections front and rear aligned. 

H. Nominal System Voltage: As indicated on the Contract Documents. 

I. Main-Bus Continuous: As indicated on the Contract Documents. 

J. Seismic Requirements: Fabricate and test switchboards according to IEEE 344 to withstand 
seismic forces. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. Shake-table testing shall comply with ICC-
ES AC156. 

a. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified." 

b. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit 
will be fully operational after the seismic event." 

K. Indoor Enclosures: Steel, NEMA 250, Type 1. 
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L. Service Entrance Rating: Switchboards intended for use as service entrance equipment shall 
contain from one to six service disconnecting means with overcurrent protection, a neutral bus 
with disconnecting link, a grounding electrode conductor terminal, and a main bonding jumper. 

M. Utility Metering Compartment: Barrier compartment and section complying with utility company's 
requirements; hinged sealable door; buses provisioned for mounting utility company's current 
transformers and potential transformers or potential taps as required by utility company. If 
separate vertical section is required for utility metering, match and align with basic switchboard. 
Provide service entrance label and necessary applicable service entrance features. 

N. Bus Transition and Incoming Pull Sections: Matched and aligned with basic switchboard. 

O. Hinged Front Panels: Allow access to circuit breaker, metering, accessory, and blank 
compartments. 

P. Buses and Connections: Three phase, four wire unless otherwise indicated. 
1. Phase- and Neutral-Bus Material: Hard-drawn copper of 98 percent conductivity, silver-

plated, with copper feeder circuit breaker line connections. 
2. Load Terminals: Insulated, rigidly braced, runback bus extensions, of same material as 

through buses, equipped with compression connectors for outgoing circuit conductors. 
Provide load terminals for future circuit-breaker positions at full-ampere rating of circuit-
breaker position. 

3. Ground Bus: 1/4-by-2-inch- (6-by-50-mm-) hard-drawn copper of 98 percent conductivity, 
equipped with compression connectors for feeder and branch-circuit ground conductors. 

4. Main-Phase Buses and Equipment-Ground Buses: Uniform capacity for entire length of 
switchboard's main and distribution sections. Provide for future extensions from both 
ends. 

5. Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise indicated, 
equipped with compression connectors for outgoing circuit neutral cables. Brace bus 
extensions for busway feeder neutral bus. 

Q. Future Devices: Equip compartments with mounting brackets, supports, bus connections, and 
appurtenances at full rating of circuit-breaker compartment. 

2.3 SURGE PROTECTION DEVICES 

A. See Specification 264313: Surge Protection Devices 

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity to meet 
available fault currents. 

1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads 
and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip 
setting for circuit-breaker frame sizes 250 A and larger. 

2. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings for circuit breaker 
frame sized 600A or larger: 

a. Instantaneous trip. 
b. Long- and short-time pickup levels. 
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c. Long and short time adjustments. 
d. Ground-fault pickup level, time delay, and I2t response. 

3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault 
protection (6-mA trip). 

4. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Lugs: Compression style, suitable for number, size, trip ratings, and conductor 

material. 
c. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) 
lighting circuits. 

d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent 
of rated voltage. 

2.5 INSTRUMENTATION 

A. Instrument Transformers: NEMA EI 21.1, and the following: 

1. Potential Transformers: NEMA EI 21.1; 120 V, 60 Hz, single secondary; disconnecting 
type with integral fuse mountings. Burden and accuracy shall be consistent with 
connected metering and relay devices. 

2. Current Transformers: NEMA EI 21.1; 5 A, 60 Hz, secondary; wound type; single 
secondary winding and secondary shorting device. Burden and accuracy shall be 
consistent with connected metering and relay devices. 

3. Control-Power Transformers: Dry type, mounted in separate compartments for units 
larger than 3 kVA. 

B. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-wire 
systems and with the following features: 

1. Switch-selectable digital display of the following values with maximum accuracy 
tolerances as indicated: 

a. Phase Currents, Each Phase: Plus or minus 0.5 percent. 
b. Phase-to-Phase Voltages, Three Phase: Plus or minus 0.5 percent. 
c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 0.5 percent. 
d. Megawatts: Plus or minus 1 percent. 
e. Megavars: Plus or minus 1 percent. 
f. Power Factor: Plus or minus 1 percent. 
g. Frequency: Plus or minus 0.1 percent. 
h. Accumulated Energy, Megawatt Hours: Plus or minus 1 percent; accumulated 

values unaffected by power outages up to 72 hours. 
i. Megawatt Demand: Plus or minus 1 percent; demand interval programmable from 

five to 60 minutes. 

2. Mounting: Display and control unit flush or semiflush mounted in instrument compartment 
door. 
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2.6 CONTROL POWER 

A. Control Circuits: 120-V ac, supplied through secondary disconnecting devices from control-
power transformer. 

B. Electrically Interlocked Main and Tie Circuit Breakers: Two control-power transformers in 
separate compartments, with interlocking relays, connected to the primary side of each control-
power transformer at the line side of the associated main circuit breaker. 120-V secondaries 
connected through automatic transfer relays to ensure a fail-safe automatic transfer scheme. 

C. Control-Power Fuses: Primary and secondary fuses for current-limiting and overload protection 
of transformer and fuses for protection of control circuits. 

D. Control Wiring: Factory installed, with bundling, lacing, and protection included. Provide flexible 
conductors for No. 8 AWG and smaller, for conductors across hinges, and for conductors for 
interconnections between shipping units. 

2.7 ACCESSORY COMPONENTS AND FEATURES 

A. Portable Test Set: For testing functions of solid-state trip devices without removing from 
switchboard. Include relay and meter test plugs suitable for testing switchboard meters and 
switchboard class relays. 

B. Mounting Accessories: For anchors, mounting channels, bolts, washers, and other mounting 
accessories, comply with requirements in manufacturer's instructions. 

2.8 IDENTIFICATION 

A. Service Equipment Label: NRTL labeled for use as service equipment for switchboards with one 
or more service disconnecting and overcurrent protective devices. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1. 

B. Install switchboards and accessories according to NEMA PB 2.1. 

C. Equipment Mounting: Install switchboards on concrete base, 4-inch (100-mm) nominal 
thickness. Comply with requirements for concrete base specified in Section 033000 "Cast-in-
Place Concrete."  

1. Install conduits entering underneath the switchboard, entering under the vertical section 
where the conductors will terminate. Install with couplings flush with the concrete base. 
Extend 2 inches (50-mm) above concrete base after switchboard is anchored in place. 

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete 
base. 

3. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 
base and anchor into structural concrete floor. 
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4. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to switchboards. 

D. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, straps and brackets, 
and temporary blocking of moving parts from switchboard units and components. 

E. Comply with mounting and anchoring requirements specified in manufacturer’s instructions. 

F. Operating Instructions: Frame and mount the printed basic operating instructions for 
switchboards, including control and key interlocking sequences and emergency procedures. 
Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic. Mount 
on front of switchboards. 

G. Install filler plates in unused spaces of panel-mounted sections. 

H. Install overcurrent protective devices, surge protection devices, and instrumentation. 

1. Set field-adjustable switches and circuit-breaker trip ranges. 

I. Install spare-fuse cabinet. 

J. Comply with NECA 1. 

3.2 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs complying with requirements for identification specified in Section 260553 "Identification 
for Electrical Systems." 

B. Switchboard Nameplates: Label each switchboard compartment with a nameplate complying 
with requirements for identification specified in Section 260553 "Identification for Electrical 
Systems." 

C. Device Nameplates: Label each disconnecting and overcurrent protective device and each 
meter and control device mounted in compartment doors with a nameplate complying with 
requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

3.3 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Acceptance Testing: 

a. Test insulation resistance for each switchboard bus, component, connecting 
supply, feeder, and control circuit. Open control and metering circuits within the 
switchboard, and remove neutral connection to surge protection and other 
electronic devices prior to insulation test. Reconnect after test. 

b. Test continuity of each circuit. 

2. Test ground-fault protection of equipment for service equipment per NFPA 70. 
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3. Perform each visual and mechanical inspection and electrical test stated in 
NETA Acceptance Testing Specification. Certify compliance with test parameters. 

4. Correct malfunctioning units on-site where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

5. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

B. Switchboard will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports, including a certified report that identifies switchboards 
included and that describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain switchboards, 
overcurrent protective devices, instrumentation, and accessories. 

END OF SECTION 26 24 13 
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SECTION 26 24 16 - PANELBOARDS 

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. Power panelboards. 
2. Life-Safety panelboards. 

1.3 DEFINITIONS 

A. ATS: Acceptance testing specification. 

B. GFCI: Ground-fault circuit interrupter. 

C. GFEP: Ground-fault equipment protection. 

D. HID: High-intensity discharge. 

E. MCCB: Molded-case circuit breaker. 

F. SPD: Surge protective device. 

G. VPR: Voltage protection rating. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of panelboard. 

1. Include materials, switching and overcurrent protective devices, SPDs, accessories, and 
components indicated. 

2. Include dimensions and manufacturers' technical data on features, performance, 
electrical characteristics, ratings, and finishes. 

B. Shop Drawings: For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details. 
2. Show tabulations of installed devices with nameplates, conductor termination sizes, 

equipment features, and ratings. 
3. Detail enclosure types including mounting and anchorage, environmental protection, 

knockouts, corner treatments, covers and doors, gaskets, hinges, and locks. 
4. Detail bus configuration, current, and voltage ratings. 
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5. Short-circuit current rating of panelboards and overcurrent protective devices. 
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 

C. Coordination Layout Drawings: 
 

1. Provide floor plans at ¼” = 1’-0” scale, showing the following for review by the Engineer 
 

a. Dimensioned layout showing mounting location of equipment, equipment outline 
and NEC clearances/workspaces with corresponding structural, mechanical and 
architectural elements. 

b. Show major conduit feeder locations 
c. Identify equipment on submitted plans. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Panelboard Schedules: For installation in panelboards.  

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For panelboards and components to include in emergency, 
operation, and maintenance manuals. In addition to items specified in Section 017823 
"Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective 
devices. 

2. Time-current curves, including selectable ranges for each type of overcurrent protective 
device that allows adjustments. 

3. Submit final versions of Panelboard Schedules after load balancing 

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. Keys: Two spares for each type of panelboard cabinet lock. 
2. Circuit Breakers: provide all spare circuit breakers as indicated in Contract Documents. 

1.8 QUALITY ASSURANCE 

A. Manufacturer Qualifications: ISO 9001 or 9002 certified. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install temporary 
electric heating (250 W per panelboard) to prevent condensation. 
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1.10 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: Three (3) years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PANELBOARDS COMMON REQUIREMENTS 

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces. 

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 NEMA PB 1. 

D. Comply with NFPA 70. 

E. Enclosures: Flush and Surface-mounted, dead-front cabinets. Refer to Contract Documents for 
configurations. 

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. Kitchen Areas: NEMA 250, Type 4X, stainless steel. 
d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 
e. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

2. Mounting Height:  
 

a. 84 inches (2.13 m) maximum. 
b. Over 84 inches (2.13 m); Bottom edge, maximum of 4 inches (102 mm) above 

floor. 
 

3. Hinged Front Cover: Entire front trim hinged to box with continuous piano hinge and with 
standard door within hinged trim cover with continuous piano hinge. Trims shall cover all 
live parts and shall have no exposed hardware. 

4. Skirt for Surface-Mounted Panelboards: Same gage and finish as panelboard front with 
flanges for attachment to panelboard, wall, and ceiling or floor. 

5. Gutter Extension and Barrier: Same gage and finish as panelboard enclosure; integral 
with enclosure body. Arrange to isolate individual panel sections. 

6. Finishes: 

a. Panels and Trim: Steel, factory finished immediately after cleaning and pretreating 
with manufacturer's standard two-coat, baked-on finish consisting of prime coat 
and thermosetting topcoat. 

b. Back Boxes: Same finish as panels and trim. 

F. Incoming Mains: 
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1. Location: Top or Bottom; as required. 

G. Phase, Neutral, and Ground Buses: 

1. Material: Hard-drawn copper, 98 percent conductivity. 

a. Plating shall run entire length of bus. 
b. Bus shall be fully rated the entire length. 

2. Interiors shall be factory assembled into a unit. Replacing switching and protective 
devices shall not disturb adjacent units or require removing the main bus connectors. 

3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding 
conductors; bonded to box. 

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance 
applications. Mount electrically isolated from enclosure. Do not mount neutral bus in 
gutter. 

5. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and listed and 
labeled by an NRTL acceptable to authority having jurisdiction, as suitable for nonlinear 
loads in electronic-grade panelboards and others designated on Drawings. Connectors 
shall be sized for double-sized or parallel conductors as indicated on Drawings. Do not 
mount neutral bus in gutter. 

H. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material: Hard-drawn copper, 98 percent conductivity. 
2. Terminations shall allow use of 75 deg C rated conductors without derating. 
3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, 

for larger conductors. 
4. Main and Neutral Lugs: Compression type, with a lug on the neutral bar for each pole in 

the panelboard. 
5. Ground Lugs and Bus-Configured Terminators: Compression type, with a lug on the bar 

for each pole in the panelboard. 
6. Feed-Through Lugs: Compression type, suitable for use with conductor material. Locate 

at opposite end of bus from incoming lugs or main device. 
7. Subfeed (Double) Lugs: Compression type suitable for use with conductor material. 

Locate at same end of bus as incoming lugs or main device. 
8. Gutter-Tap Lugs: Compression type suitable for use with conductor material and with 

matching insulating covers. Locate at same end of bus as incoming lugs or main device. 
9. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-capacity 

neutral bus. 

I. Future Devices: Panelboards or load centers shall have mounting brackets, bus connections, 
filler plates, and necessary appurtenances required for future installation of devices. 

2.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified." 
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2.3 POWER PANELBOARDS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; by 
Schneider Electric or comparable product by one of the following: 

1. Eaton. 
2. General Electric Company; GE Energy Management - Electrical Distribution. 
3. SIEMENS Industry, Inc.; Energy Management Division. 

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. Mains: As indicated on Contract Documents. 

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: 
Bolt-on circuit breakers. 

F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: 
Bolt-on circuit breakers. 

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; by 
Schneider Electric or comparable product by one of the following: 

1. Eaton. 
2. General Electric Company; GE Energy Management - Electrical Distribution. 
3. SIEMENS Industry, Inc.; Energy Management Division. 

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 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-
mounted, field-adjustable trip setting. 

3. Electronic Trip Circuit Breakers for circuit-breaker frame sizes 400A and larger: 

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. 
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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. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault 

protection (6-mA trip). 
5. GFEP Circuit Breakers: Class B ground-fault protection (30-mA trip). 
6. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, single-

pole configuration. 
7. Subfeed Circuit Breakers: Vertically mounted. 
8. 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. 
f. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable 

pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

2.5 LIFE-SAFETY PANELBOARDS 

A. Life-Safety (Emergency) Panelboards are fed on the load side of ATS-1. 

B. Products: Subject to compliance with requirements, provide one of the following: 
 

1. Square D; by Schneider Electric; Mission Critical Circuit Breaker. 
2. Eaton; Cooper-Bussman Fusible Panelboard. 
3. General Electric Company; GE Energy Management - Electrical Distribution;  
4. SIEMENS Industry, Inc.; Energy Management Division; Fusible Quik-Spec Panelboard 
5. Littlefuse 
6. Mersen 

C. Selective Coordination: 
 

1. Life Safety Panelboards main overcurrent protective devices shall be selectively 
coordinated with all supply-side overcurrent protective devices per NEC Article 700. 

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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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify actual conditions with field measurements prior to ordering panelboards to verify that 
equipment fits in allocated space in, and comply with, minimum required clearances specified in 
NFPA 70. 

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1 and applicable 
sections of NECA 407. 

C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have 
been subjected to water saturation. 

D. Examine elements and surfaces to receive panelboards for compliance with installation 
tolerances and other conditions affecting performance of the Work. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors 
and panels. 

B. Comply with NECA 1. 

C. Install panelboards and accessories according to NECA 407/NEMA PB 1.1. 

D. Equipment Mounting: 
 

1. Attach panelboard to the vertical finished or structural surface behind the panelboard. 

E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from panelboards. 

F. Comply with mounting and anchoring requirements specified in manufacturer’s instructions. 

G. Mount panelboard cabinet plumb and rigid without distortion of box. 

H. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back 
box. 

I. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 
2. Tighten bolted connections and circuit breaker connections using calibrated torque 

wrench or torque screwdriver per manufacturer's written instructions. 
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J. 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. 

K. Install filler plates in unused spaces. 

L. Stub four 1-inch (25 mm) empty conduits from panelboard into accessible ceiling space or 
space designated to be ceiling space in the future. 

M. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing 
load balancing. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs 
complying with requirements in Section 260553 "Identification for Electrical Systems." 

A. Create a circuit directory to indicate installed circuit loads after balancing panelboard loads; 
incorporate Owner's final room designations. Obtain approval before installing. Handwritten 
directories are not acceptable. Install directory inside panelboard door. Include the following 
information: 

1. Clear description of type of load served: including room name and/or number. 
2. Panelboard ratings: AIC rating, main bus ampacity, main circuit breaker or main lug 

ampacity. 
3. Source panelboard and circuit number, incoming feeder size. 
4. Panelboard room location and panelboard name. 

B. Panelboard Nameplates: Engraved, laminated-acrylic or melamine plastic signs for each 
panelboard, mounted with corrosion-resistant screws. Nameplates and label products are 
specified in Section 260553 "Identification for Electrical Systems." 

C. Install warning signs complying with requirements in Section 260553 "Identification for Electrical 
Systems" identifying source of remote circuit. 

3.4 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, 
feeder, and control circuit. 

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test for low-voltage air 
circuit breakers stated in NETA ATS, Paragraph 7.6 Circuit Breakers. Certify compliance 
with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

C. Panelboards will be considered defective if they do not pass tests and inspections. 
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3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in approved Coordination Study 
Shop Drawing. 

3.6 PROTECTION 

A. Temporary Heating: Prior to energizing panelboards, apply temporary heat to maintain 
temperature according to manufacturer's written instructions. 

END OF SECTION 262416 
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SECTION 26 27 26 - WIRING 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. Standard-grade receptacles, 125 V, 20 A. 
2. USB receptacles. 
3. GFCI receptacles, 125 V, 20 A. 
4. Cord and plug sets. 
5. Toggle switches, 120/277 V, 20 A. 
6. Wall-box dimmers. 
7. Wall plates. 

1.3 DEFINITIONS 

A. EMI: Electromagnetic interference. 

B. GFCI: Ground-fault circuit interrupter. 

C. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

D. RFI: Radio-frequency interference. 

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. 
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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. 

PART 2 - PRODUCTS 

2.1 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. Devices for Owner-Furnished Equipment: 

1. Receptacles: Match plug configurations. 
2. Cord and Plug Sets: Match equipment requirements. 

F. Finish 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. Wiring Devices Connected to Emergency Electrical System: RED. 

G. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 MANUFACTURERS: 
 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Pass & 
Seymour/Legrand (Pass & Seymour); or a comparable product by one of the following: 
 
a. Cooper Industries/Cooper Wiring Devices. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 

2.3 RECEPTACLES, 125 V, 20 A 

A. Duplex Receptacles, 125 V, 20 A; comply with UL 498, NEMA WD 1 and NEMA WD 6 
configurations: 

 
1. Convenience: 5362 
2. Tamper-Resistant: TR5362 
3. Tamper-Resistant USB: TR5362USB 

 
a. Two (2) USB ports,  
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b. Minimum Charging Output: 3.1A. 
 

4. Tamper-Resistant GFCI: 2095TR 
 

a. Comply with UL 943, Class A 
b. Integral self-testing with power denial technology 
c. Minimum automatic self-test every: 3 seconds 
d. Indicator light that is lighted when device is tripped. 

 
5. Tamper- and Weather-Resistant GFCI: 2095TRWR 

 
a. Weatherproof cover: WIUC 10-CL. 

2.4 TWIST-LOCKING RECEPTACLES 

A. Twist-Lock, Single Receptacles, 125 V, 20 A: 

1. Configuration: NEMA WD 6, Configuration L5-20R. 
2. Standards: Comply with UL 498. 

2.5 PENDANT CORD-CONNECTOR DEVICES 

A. Description: Matching, locking-type plug and receptacle body connector, heavy-duty grade. 

B. Configuration: NEMA WD 6, Configurations L5-20P and L5-20R. 

C. Body: Nylon, with screw-open, cable-gripping jaws and provision for attaching external cable 
grip. 

D. External Cable Grip: Woven wire-mesh type made of high-strength, galvanized-steel wire 
strand, matched to cable diameter, and with attachment provision designed for corresponding 
connector. 

E. Standards: Comply with FS W-C-596. 

2.6 CORD AND PLUG SETS 

A. Match voltage and current ratings and number of conductors to requirements of equipment 
being connected. 

B. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-
insulated grounding conductor and ampacity of at least 130 percent of the equipment rating. 

C. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for 
connection. 

2.7 TOGGLE SWITCHES, 120/277 V, 20 A 

A. Switches, 120/277V, 20A; comply with UL 20 and NEMA WD 1: 
 

1. Single-Pole: PS20AC1 
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2. Three-Way: PS20AC3 
3. Four-Way: PS20AC4 
4. Key-Operated Single-Pole: PS20AC1-L 
5. Key-Operated Three-Way: PS20AC3-L 
6. Key-Operated Four Way: PS20AC4-L 

2.8 DIMMERS 

A. Wall-Box Dimmers: 

B. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches, with 
audible frequency and EMI/RFI suppression filters. 

C. Control: Continuously adjustable slider toggle switch; with single-pole or three-way switching. 
Comply with UL 1472. 

D. LED Lamp Dimmer Switches: Modular; compatible with LED lamps; 1200va rated, 0-10v 
dimming, rocker switch with slide dimmer, designed for LED power supplies, 3-way compatible, 
capable of consistent dimming with low end not greater than 10 percent of full brightness, flicker 
free.  Leviton IP710-LF series or approved equals. 

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: Thermoplastic 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 cover. 

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. 
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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. 

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. 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. 

5. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
6. Tighten unused terminal screws on the device. 
7. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 
receptacles to the left. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount 
outlet boxes when standard device plates do not fit flush or do not cover rough wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Install unshared neutral conductors on line and load side of dimmers according to 

manufacturers' device, listing conditions in the written instructions. 

H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top. Group adjacent switches under single, 
multigang wall plates. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through GFCI receptacles where protection of downstream receptacles is not 
required. 
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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. 

C. Essential Electrical System: Mark receptacles supplied from the essential electrical system to 
allow easy identification using a self-adhesive label. 

3.4 FIELD QUALITY CONTROL 

A. Test Instruments: Use instruments that comply with UL 1436. 

B. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or illuminated 
digital-display indicators of measurement. 

C. 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. 

D. 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. 
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 

breaker, poor connections, inadequate fault-current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above. 

E. Wiring device will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF SECTION 262726 
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SECTION 26 28 13 - FUSES 

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. Cartridge fuses rated 600 V ac and less for use in the following: 

a. Control circuits. 
b. Motor-control centers. 
c. Panelboards. 
d. Switchboards. 
e. Enclosed controllers. 
f. Enclosed switches. 

2. Spare-fuse cabinets. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product.  

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data. 

1.5 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. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

1.6 FIELD CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) 
or more than 100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment 
factors to fuse ratings. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Bussmann, an Eaton business. 
2. Edison; a brand of Bussmann by Eaton. 
3. Littelfuse, Inc. 
4. Mersen USA. 

 

B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source 
from single manufacturer. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings 
consistent with circuit voltages. 

1. Type RK-1: 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
2. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, time delay. 
3. Type J: 600-V, zero- to 600-A rating, 200 kAIC, time delay. 

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 NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size 
and with system short-circuit current levels. 

2.3 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-
coded cam lock and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity 
minimum. 

2. Finish: Gray, baked enamel. 
3. Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on exterior of door. 
4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse 

manufacturer. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or physically 
damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other 
conditions affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and 
with characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to 
fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FUSE APPLICATIONS 

A. Cartridge Fuses: 
 

1. Feeders: Class J, time delay. 
2. Motor Branch Circuits: Class RK1, time delay. 
3. Other Branch Circuits: Class RK1, time delay. 
4. Control Transformer Circuits: Class CC, time delay, control transformer duty. 
5. Provide open-fuse indicator fuses or fuse covers with open fuse indication. 

3.3 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing 
fuse. 

B. Install spare-fuse cabinet(s) as indicated in the field by Architect/Owner’s Representative. 

3.4 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems" and indicating fuse replacement information inside of door 
of each fused switch and adjacent to each fuse block, socket, and holder. 

END OF SECTION 262813 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 1 of 7 

SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Molded-case circuit breakers (MCCBs). 
4. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and 
manufacturers' technical data on features, performance, electrical characteristics, ratings, 
accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 

B. Shop Drawings: For enclosed switches and circuit breakers. 

1. Include plans, elevations, sections, details, and attachments to other work. 
2. Include wiring diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 
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B. Seismic Qualification Data: Certificates, for enclosed switches and circuit breakers, accessories, 
and components, from manufacturer. 

C. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers 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. Manufacturer's written instructions for testing and adjusting enclosed switches and 
circuit breakers. 

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. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type. 

2. Fuse Pullers: Two for each size and type. 

1.8 FIELD CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.9 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Three (3) year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of 
earthquake motions determined according to ASCE/SEI 7. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2.2 GENERAL REQUIREMENTS 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single 
manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by an NRTL, and marked for intended location and application. 

D. Comply with NFPA 70. 

2.3 MANUFACTURERS: 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; by 
Schneider Electric or comparable product by one of the following: 

1. Eaton. 
2. General Electric Company. 
3. SIEMENS Industry, Inc.; Energy Management Division. 

2.4 FUSIBLE SWITCHES 

A. Type HD, Heavy Duty: 

1. Single throw. 
2. Three pole. 
3. 600-V ac. 
4. 1200 A and smaller. 
5. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate 

specified fuses. 
6. Lockable handle with capability to accept three padlocks, and interlocked with cover in 

closed position. 

B. Accessories (Required per device): 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors. 

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are 
specified. 

4. Lugs: Compression type, suitable for number, size, and conductor material. 

C. Optional Accessories (As specified on Drawings): 
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1. Auxiliary Contact Kit: One NO/NC (Form “C”) auxiliary contact, arranged to activate 

before switch blades open. Contact rating – 120-V ac. 
2. Service-Rated Switches: Labeled for use as service equipment. 

2.5 NONFUSIBLE SWITCHES 

A. Type HD, Heavy Duty: 

1. Single throw. 
2. Three pole. 
3. 600-V ac. 
4. 1200 A and smaller. 
5. UL 98 and NEMA KS 1, horsepower rated. 
6. Lockable handle with capability to accept three padlocks, and interlocked with cover in 

closed position. 

B. Accessories (Required per device): 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors. 

3. Lugs: Compression type, suitable for number, size, and conductor material. 

C. Optional Accessories (As specified on Drawings): 
 

1. Auxiliary Contact Kit: One NO/NC (Form “C”) auxiliary contact, arranged to activate 
before switch blades open. Contact rating – 120-V ac. 

2. Service-Rated Switches: Labeled for use as service equipment. 

2.6 MOLDED-CASE CIRCUIT BREAKERS 

A. Circuit breakers shall be constructed using glass-reinforced insulating material. Current carrying 
components shall be completely isolated from the handle and the accessory mounting area. 

B. Circuit breakers shall have a toggle operating mechanism with common tripping of all poles, 
which provides quick-make, quick-break contact action. The circuit-breaker handle shall be over 
center, be trip free, and reside in a tripped position between on and off to provide local trip 
indication. Circuit-breaker escutcheon shall be clearly marked on and off in addition to providing 
international I/O markings. Equip circuit breaker with a push-to-trip button, located on the face of 
the circuit breaker to mechanically operate the circuit-breaker tripping mechanism for 
maintenance and testing purposes. 

C. MCCBs shall be equipped with a device for locking in the isolated position. 

D. Lugs shall be suitable for 140 deg F (60 deg C) rated wire on 100-A circuit breakers and below. 
167 deg F (75 deg C) rated wire, sized according to the 167 deg F (75 deg C) temperature 
rating in NFPA 70. 

E. Standard: Comply with UL 489 with interrupting capacity to comply with available fault currents. 
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F. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level 
overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip 
setting for circuit-breaker frame sizes 250 A and larger. 

G. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following 
field-adjustable settings for circuit breaker frame sizes 400A and larger: 

1. Instantaneous trip. 
2. Long- and short-time pickup levels. 
3. Long- and short-time time adjustments. 
4. Ground-fault pickup level, time delay, and I-squared t response. 

H. Ground-Fault Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations 
with Class A ground-fault protection (6-mA trip). 

I. Ground-Fault Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault 
protection (30-mA trip). 

J. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs: Compression type, suitable for number, size, trip ratings, and conductor material. 
3. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 
circuits. 

4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered type 
with mechanical ground-fault indicator; relay with adjustable pickup and time-delay 
settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor. 

5. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact. 
6. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional 

time delay. 
7. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic circuit-

breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 
8. Alarm Switch: One NO/NC contact that operates only when circuit breaker has tripped. 
9. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be 

removable only when circuit breaker is in off position. 
10. Electrical Operator: Provide remote control for on, off, and reset operations. 
11. Accessory Control Power Voltage: Integrally mounted, self-powered. 

2.7 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location. 

B. Enclosure Finish: The enclosure shall be finished with gray baked enamel paint, 
electrodeposited on cleaned, phosphatized steel (NEMA 250 Type 1). 

C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts. 
NEMA 250 Types 7 and 9 enclosures shall be provided with threaded conduit openings in both 
endwalls. 

D. Operating Mechanism: The circuit-breaker operating handle shall be externally operable with 
the operating mechanism being an integral part of the box, not the cover. The cover interlock 
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mechanism shall have an externally operated override. The override shall not permanently 
disable the interlock mechanism, which shall return to the locked position once the override is 
released. The tool used to override the cover interlock mechanism shall not be required to enter 
the enclosure in order to override the interlock. 

E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual 
cover interlock mechanism to prevent unintentional opening of the enclosure cover when the 
circuit breaker is ON and to prevent turning the circuit breaker ON when the enclosure cover is 
open. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

1. Commencement of work shall indicate Installer's acceptance of the areas and conditions 
as satisfactory. 

3.2 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS 

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the 
following environmental ratings. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 3R. 
3. Kitchen, Wash-Down Areas: NEMA 250, Type 4X, stainless steel. 
4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 3R. 

3.3 INSTALLATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 
served and adjacent surfaces. Maintain required workspace clearances and required 
clearances for equipment access doors and panels. 

B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated. 

C. Comply with mounting and anchoring requirements specified in manufacturer’s instructions. 

D. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

E. Install fuses in fusible devices. 

F. Comply with NFPA 70 and NECA 1. 
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3.4 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections. 

1. Visually and Mechanical inspect all equipment on project prior to installation. 
2. Correct malfunctioning units on-site, with new units. 

3.6 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in approved Coordination Study 
Shop Drawing. 

END OF SECTION 26 28 16 
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SECTION 26 29 13 - ENCLOSED CONTROLLERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage manual. 
2. Full-voltage magnetic. 
3. Multispeed. 

1.2 DEFINITIONS 

A. CPT: Control power transformer.  

B. MCCB: Molded-case circuit breaker. 

C. MCP: Motor circuit protector. 

D. N.C.: Normally closed. 

E. N.O.: Normally open. 

F. OCPD: Overcurrent protective device. 

1.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Enclosed controllers shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed controller. 

B. Shop Drawings: For each enclosed controller. Include dimensioned plans, elevations, sections, 
details, and required clearances and service spaces around controller enclosures. 

1. Wiring Diagrams: For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates: For enclosed controllers, accessories, and components, from 
manufacturer. 
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B. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.7 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. IEEE Compliance: Fabricate and test enclosed controllers according to IEEE 344 to withstand 
seismic forces. 

PART 2 - PRODUCTS 

2.1 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general purpose, 
Class A. 

B. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button 
action; marked to show whether unit is off, on, or tripped. 

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

a. Square D. 
b. Eaton. 
c. General Electric Company. 
d. Siemens Industry, Inc. 

2. Configuration: Nonreversing. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 
external reset push button; bimetallic type. 

4. Surface mounting. 
5. Pilot light. 
6. Hand-Off-Automatic selector switch. 

C. Magnetic Controllers: Full voltage, across the line, electrically held. 

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

following: 

a. Square D. 
b. Eaton. 
c. General Electric Company. 
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d. Siemens Industry, Inc. 
 

2. Configuration: Nonreversing. 
3. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to 
allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 
fuses, with CPT of sufficient capacity to operate integral devices and remotely located 
pilot, indicating, and control devices. 

6. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10/20 selectable tripping characteristic selected to protect motor against 

voltage and current unbalance and single phasing. 

7. External overload reset push button. 

D. Combination Magnetic Controller: Factory-assembled combination of magnetic controller, 
OCPD, and disconnecting means. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Square D. 
b. Eaton. 
c. General Electric Company. 
d. Siemens Industry, Inc. 

2. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open. 
3. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed 

position. 

2.2 MULTISPEED MAGNETIC CONTROLLERS 

A. General Requirements for Multispeed Magnetic Controllers: Comply with NEMA ICS 2, general 
purpose, Class A. 

B. Multispeed Magnetic Controllers: Two speed, full voltage, across the line, electrically held. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Square D. 
b. Eaton. 
c. General Electric Company. 
d. Siemens Industry, Inc. 
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2. Configuration: Nonreversing; consequent pole or two winding. 
3. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

4. Power Contacts: Totally enclosed, double break, silver-cadmium oxide; assembled to 
allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 
fuses, with CPT of sufficient capacity to operate all integral devices and remotely located 
pilot, indicating, and control devices. 

6. Compelling relays shall ensure that motor will start only at low speed. 
7. Decelerating timer relays shall ensure automatically timed deceleration through each 

speed. 

8. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10/20 selectable tripping characteristic selected to protect motor against 

voltage and current unbalance and single phasing. 

9. External overload reset push button. 

C. Combination Multispeed Magnetic Controller: Factory-assembled combination of multispeed 
magnetic controller, OCPD, and disconnecting means. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Square D. 
b. Eaton. 
c. General Electric Company. 
d. Siemens Industry, Inc. 

2. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed 

position. 
c. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open. 

2.3 ENCLOSURES 

A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed 
location. 

1. Dry and Clean Indoor Locations: Type 1. 
2. Outdoor Locations: Type 3R. 
3. Kitchen Wash-Down Areas: Type 4X, stainless steel. 
4. Other Wet or Damp Indoor Locations: Type 3R. 
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2.4 ACCESSORIES 

A. Push Buttons, Pilot Lights, and Selector Switches: NEMA ICS 5; heavy-duty type; factory 
installed in controller enclosure cover unless otherwise indicated. 

1.  Pilot Lights: LED type; red for “Power Available”, green for “Running”; push to test. 

B. Control Relays: Auxiliary and adjustable time-delay relays. 

C. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing 
circuit with isolated output contacts for hard-wired connections. Provide adjustable 
undervoltage, overvoltage, and time-delay settings. Provide ICM controls ICM450 or approved 
equal, locate in separate enclosure at equipment; match NEMA enclosure rating with 
starter/disconnect. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height, and 
with disconnect operating handles not higher than 79 inches (2006 mm) above finished floor, 
unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-
steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying 
with Section 260529 "Hangers and Supports for Electrical Systems." 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

C. Install fuses in each fusible-switch enclosed controller. 

D. Install fuses in control circuits if not factory installed. Comply with requirements in 
Section 262813 "Fuses." 

E. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load 
amperes after motors have been installed. 

F. Comply with NECA 1. 

3.2 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.3 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices.  
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B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 
that have no safety functions when switch is in manual-control position. 

2. Connect selector switches with enclosed-controller circuit in both manual and automatic 
positions for safety-type control devices such as low- and high-pressure cutouts, high-
temperature cutouts, and motor overload protectors. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed controller, component, connecting supply, 
feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation. Test 
and adjust controllers, components, and equipment. 

2. Test insulation resistance for each enclosed-controller element, component, connecting 
motor supply, feeder, and control circuits. 

3. Test continuity of each circuit. 
4. Verify that voltages at controller locations are within plus or minus 10 percent of motor 

nameplate rated voltages. If outside this range for any motor, notify Construction 
Manager before starting the motor(s). 

5. Test each motor for proper phase rotation. 
6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification. Certify compliance with test parameters. 
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 
8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 

malfunctioning controls and equipment. 

D. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. Include notation of deficiencies detected, remedial action 
taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Set field-adjustable switches and overload-relay pickup and trip ranges. 

3.6 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain enclosed controllers. 
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END OF SECTION 26 29 13 
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SECTION 26 32 13.16 - EMERGENCY ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes packaged engine generators for emergency use with the following features: 

1. Diesel engine. 
2. Unit-mounted cooling system. 
3. Unit-mounted control and monitoring. 
4. Outdoor enclosure. 
5. Generator overcurrent and fault protection. 
6. Generator, exciter, and voltage regulator. 

B. Related Requirements: 

1. Section 263600 "Transfer Switches" for transfer switches including sensors and relays to 
initiate automatic-starting and -stopping signals for engine generators. 

1.2 DEFINITIONS 

A. EPS: Emergency power supply. 

B. EPSS: Emergency power supply system. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include plans and elevations for engine generator and other components specified. 
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. Identify fluid drain ports and clearance requirements for proper fluid drain. 
4. Design calculations for selecting vibration isolators and seismic restraints and for 

designing vibration isolation bases. 
5. Vibration Isolation Base Details: Detail fabrication, including anchorages and attachments 

to structure and supported equipment. Include base weights. 
6. Include diagrams for power, signal, and control wiring. Complete schematic, wiring, and 

interconnection diagrams showing terminal markings for EPS equipment and functional 
relationship between all electrical components. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, manufacturer and testing agency. 
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B. Seismic Qualification Data: Certificates, for engine generator, accessories, and components, 
from manufacturer. 

C. Source quality-control reports. 

D. Field quality-control reports. 

E. Warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: An authorized representative who is trained and approved by 
manufacturer. 

B. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

1.7 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of packaged 
engine generators and associated auxiliary components that fail in materials or workmanship 
within specified warranty period. 

1. Warranty Period: Five (5), years comprehensive warranty, from date of Substantial 
Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Kohler Power Systems.  
2. MTU Onsite Energy Corporation. 
3. Cummins Power Generation. 
4. Caterpillar, Inc.; Electric Power Division. 

2.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Engine generator housing, engine generator, batteries, battery racks, 
silencers, sound attenuating equipment, accessories, and components shall withstand the 
effects of earthquake motions determined according to ASCE/SEI 7. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 
when subjected to the seismic forces specified and the unit will be fully operational after 
the seismic event." 

2. Shake-table testing shall comply with ICC-ES AC156. Testing shall be performed with all 
fluids at worst-case normal levels. 

B. B11 Compliance: Comply with B11.19. 

C. NFPA Compliance: 

1. Comply with NFPA 37. 
2. Comply with NFPA 70. 
3. Comply with NFPA 99. 
4. Comply with NFPA 110 requirements for Level 1 2 EPSS. 

D. UL Compliance: Comply with UL 2200. 

E. Engine Exhaust Emissions: Comply with EPA Tier 3 requirements and applicable state and 
local government requirements. 

F. Noise Emission: Comply with applicable state and local government requirements for maximum 
noise level at adjacent property boundaries due to sound emitted by engine generator, including 
engine, engine exhaust, engine cooling-air intake and discharge, and other components of 
installation. 

G. Environmental Conditions: Engine generator system shall withstand the following environmental 
conditions without mechanical or electrical damage or degradation of performance capability: 

1. Ambient Temperature: 5 to 104 deg F (Minus 15 to plus 40 deg C). 
2. Relative Humidity: Zero to 95 percent. 
3. Altitude: Sea level to 1000 feet (300 m). 

2.3 ENGINE GENERATOR ASSEMBLY DESCRIPTION 

A. Mounting Frame: Structural-steel framework to maintain alignment of mounted components 
without depending on concrete foundation. Provide lifting attachments sized and spaced to 
prevent deflection of base during lifting and moving. 

1. Rigging Diagram: Inscribed on metal plate permanently attached to mounting frame to 
indicate location and lifting capacity of each lifting attachment and engine generator 
center of gravity. 

B. Capacities and Characteristics: 

1. Power Output Ratings: Nominal ratings as indicated at 0.8 power factor excluding power 
required for the continued and repeated operation of the unit and auxiliaries, with 
capacity as required to operate as a unit as evidenced by records of prototype testing. 

2. Nameplates: For each major system component to identify manufacturer's name and 
address, and model and serial number of component. 

C. Engine Generator Performance: 

1. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage, from no 
load to full load. 
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2. Transient Voltage Performance: Not more than 20 percent variation for 50 percent step-
load increase or decrease. Voltage shall recover and remain within the steady-state 
operating band within three seconds. 

3. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency, from no 
load to full load. 

4. Steady-State Frequency Stability: When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

5. Transient Frequency Performance: Less than 5 percent variation for 50 percent step-load 
increase or decrease. Frequency shall recover and remain within the steady-state 
operating band within five seconds. 

6. Output Waveform: At no load, harmonic content measured line to line or line to neutral 
shall not exceed 5 percent total and 3 percent for single harmonics. Telephone influence 
factor, determined according to NEMA MG 1, shall not exceed 50 percent. 

7. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 250 percent of rated full-load current for not 
less than 10 seconds and then clear the fault automatically, without damage to generator 
system components. 

8. Start Time: Comply with NFPA 110, Type 10, system requirements. 

2.4 ENGINE 

A. Fuel: Diesel. 

B. Rated Engine Speed: 1800 rpm. 

C. Lubrication System: Engine or skid mounted. 

1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers and smaller 
while passing full flow. 

2. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature. 
Unit shall be capable of full flow and is designed to be fail-safe. 

3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable 
container with no disassembly and without use of pumps, siphons, special tools, or 
appliances. 

D. Jacket Coolant Heater: Electric-immersion type, factory installed in coolant jacket system. 
Comply with NFPA 110 requirements for Level 1 equipment for heater capacity and with 
UL 499. 

E. Cooling System: Closed loop, liquid cooled, with radiator factory mounted on engine generator 
mounting frame and integral engine-driven coolant pump. 

1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 
with anticorrosion additives as recommended by engine manufacturer. 

2. Size of Radiator: Adequate to contain expansion of total system coolant, from cold start 
to 110 percent load condition. 

3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum 
closed-loop coolant-system pressure for engine used. Equip with gage glass and 
petcock. 

4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow 
automatically to maintain optimum constant coolant temperature as recommended by 
engine manufacturer. 
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5. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer 
covering of aging-, UV-, and abrasion-resistant fabric. 

a. Rating: 50-psig (345-kPa) maximum working pressure with coolant at 180 deg F 
(82 deg C), and noncollapsible under vacuum. 

b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and 
equipment connections. 

F. Muffler/Silencer: Critical type, sized as recommended by engine manufacturer and selected with 
exhaust piping system to not exceed engine manufacturer's engine backpressure requirements. 

1. Minimum sound attenuation of 25 dB at 500 Hz. 
2. Sound level measured at a distance of 25 feet (8 m) from exhaust discharge after 

installation is complete shall be 78 dBA or less. 

G. Air-Intake Filter: Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element and 
"blocked filter" indicator. 

H. Starting System: 24-V electric, with negative ground. 

1. Components: Sized so they are not damaged during a full engine-cranking cycle, with 
ambient temperature at maximum specified in "Performance Requirements" Article. 

2. Cranking Motor: Heavy-duty unit that automatically engages and releases from engine 
flywheel without binding. 

3. Cranking Cycle: As required by NFPA 110 for system level specified. 
4. Battery: Adequate capacity within ambient temperature range specified in "Performance 

Requirements" Article to provide specified cranking cycle at least twice without 
recharging. 

5. Battery Cable: Size as recommended by engine manufacturer for cable length indicated. 
Include required interconnecting conductors and connection accessories. 

6. Battery Compartment: Factory fabricated of metal with acid-resistant finish and thermal 
insulation. Thermostatically controlled heater shall be arranged to maintain battery above 
50 deg F (10 deg C) regardless of external ambient temperature within range specified in 
"Performance Requirements" Article. Include accessories required to support and fasten 
batteries in place. Provide ventilation to exhaust battery gases. 

7. Battery-Charging Alternator: Factory mounted on engine with solid-state voltage 
regulation and 35-A minimum continuous rating. 

8. Battery Charger: Current-limiting, automatic-equalizing and float-charging type. Unit shall 
comply with UL 1236 and include the following features: 

a. Operation: Equalizing-charging rate of 10 A shall be initiated automatically after 
battery has lost charge until an adjustable equalizing voltage is achieved at battery 
terminals. Unit shall then be automatically switched to a lower float-charging mode 
and shall continue to operate in that mode until battery is discharged again. 

b. Automatic Temperature Compensation: Adjust float and equalize voltages for 
variations in ambient temperature from minus 40 to 140 deg F (minus 40 to plus 60 
deg C) to prevent overcharging at high temperatures and undercharging at low 
temperatures. 

c. Automatic Voltage Regulation: Maintain constant output voltage regardless of input 
voltage variations up to plus or minus 10 percent. 

d. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate charging 
rates. 

e. Safety Functions: Sense abnormally low battery voltage and close contacts 
providing low battery voltage indication on control and monitoring panel. Sense 
high battery voltage and loss of ac input or dc output of battery charger. Either 
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condition shall close contacts that provide a battery-charger malfunction indication 
at system control and monitoring panel. 

f. Enclosure and Mounting: NEMA 250, Type 1, wall-mounted cabinet. 

2.5 FUEL SYSTEM 

A. Engine Fuel System: 

1. Fuel Filters: One for each fuel type. 
2. Manual Fuel Shutoff Valves: One for each fuel type. 
3. Flexible Fuel Connectors: Minimum one for each fuel connection. 

B. Main Fuel Pump: Mounted on engine. Pump ensures adequate primary fuel flow under starting 
and load conditions. 

2.6 FUEL STORAGE 

A. Base-Mounted Fuel Tank: Factory installed and piped, complying with UL 142 fuel tank. 
Features include the following: 
1. Tank level indicator. 
2. Capacity: Fuel for minimum 24 hours’ continuous operation at 100 percent rated power 

output. 
3. Vandal-resistant fill cap. 
4. Containment Provision: Comply with requirements of authorities having jurisdiction. 

2.7 CONTROL AND MONITORING 

A. Automatic Starting System Sequence of Operation: When mode-selector switch on the control 
and monitoring panel is in the automatic position, remote-control contacts in one or more 
separate automatic transfer switches initiate starting and stopping of engine generator. When 
mode-selector switch is switched to the on position, engine generator starts. The off position of 
same switch initiates engine generator shutdown. When engine generator is running, specified 
system or equipment failures or derangements automatically shut down engine generator and 
initiate alarms. 

B. Provide minimum run-time control set for 30 minutes, with override only by operation of a 
remote emergency-stop switch. 

C. Comply with UL 508A. 

D. Configuration: Operating and safety indications, protective devices, basic system controls, and 
engine gages shall be grouped in a common wall-mounted control and monitoring panel. Panel 
shall be powered from the engine generator battery. 

E. Control and Monitoring Panel: 

1. Digital controller with integrated LCD display, controls, and microprocessor, capable of 
local and remote control, monitoring, and programming, with battery backup. 

2. Analog control panel with dedicated gages and indicator lights for the instruments and 
alarms indicated below. 

3. Instruments: Located on the control and monitoring panel and viewable during operation. 
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a. Engine lubricating-oil pressure gage. 
b. Engine-coolant temperature gage. 
c. DC voltmeter (alternator battery charging). 
d. Running-time meter. 
e. AC voltmeter, connected to a phase selector switch. 
f. AC ammeter, connected to a phase selector switch. 
g. AC frequency meter. 
h. Generator-voltage adjusting rheostat. 

4. Controls and Protective Devices: Controls, shutdown devices, and common visual alarm 
indication as required by NFPA 110 for Level 1  system, including the following: 
a. Control switch not in automatic position alarm. 
b. Overcrank alarm. 
c. Overcrank shutdown device. 
d. High engine temperature pre-alarm. 
e. High engine temperature. 
f. High engine temperature shutdown device. 
g. Overspeed alarm. 
h. Overspeed shutdown device. 
i. Coolant low-level alarm. 
j. Coolant low-level shutdown device. 
k. Coolant high-temperature prealarm. 
l. Coolant high-temperature alarm. 
m. Coolant low-temperature alarm. 
n. Coolant high-temperature shutdown device. 
o. EPS load indicator. 
p. Battery high-voltage alarm. 
q. Low-cranking voltage alarm. 
r. Battery-charger malfunction alarm. 
s. Battery low-voltage alarm. 
t. Lamp test. 
u. Contacts for local and remote common alarm. 
v. Low-starting air pressure alarm. 
w. Low-starting hydraulic pressure alarm. 
x. Remote manual-stop shutdown device. 
y. Air shutdown damper alarm when used. 
z. Air shutdown damper shutdown device when used. 
aa. Generator overcurrent-protective-device not-closed alarm. 

F. Common Remote Panel with Common Audible Alarm: Comply with NFPA 110 requirements for 
Level 1 systems. Include necessary contacts and terminals in control and monitoring panel. 
Remote panel shall be powered from the engine generator battery. 

G. Remote Alarm Annunciator: Comply with NFPA 99. An LED indicator light labeled with proper 
alarm conditions shall identify each alarm event, and a common audible signal shall sound for 
each alarm condition. Silencing switch in face of panel shall silence signal without altering visual 
indication. Connect so that after an alarm is silenced, clearing of initiating condition will 
reactivate alarm until silencing switch is reset. Cabinet and faceplate are surface- or flush-
mounting type to suit mounting conditions indicated. 

1. Overcrank alarm. 
2. Coolant low-temperature alarm. 
3. High engine temperature pre-alarm. 
4. High engine temperature alarm. 
5. Low lube oil pressure alarm. 
6. Overspeed alarm. 
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7. Low-fuel main tank alarm. 
8. Low coolant level alarm. 
9. Low-cranking voltage alarm. 
10. Contacts for local and remote common alarm. 
11. Audible-alarm silencing switch. 
12. Air shutdown damper when used. 
13. Run-Off-Auto switch. 
14. Control switch not in automatic position alarm. 
15. Fuel tank derangement alarm. 
16. Fuel tank high-level shutdown of fuel supply alarm. 
17. Lamp test. 
18. Low-cranking voltage alarm. 
19. Generator overcurrent-protective-device not-closed alarm. 

H. Supporting Items: Include sensors, transducers, terminals, relays, and other devices and 
include wiring required to support specified items. Locate sensors and other supporting items on 
engine or generator unless otherwise indicated. 

2.8 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Generator Disconnect Switch: Molded-case type; 100 percent rated. 

1. Trip Rating: Matched to generator output rating. 
2. Shunt Trip: Connected to trip switch when signaled by generator protector or by other 

protective devices. 

B. Generator Protector: Microprocessor-based unit shall continuously monitor current level in each 
phase of generator output, integrate generator heating effect over time, and predict when 
thermal damage of alternator will occur. When signaled by generator protector or other engine 
generator protective devices, a shunt-trip device in the generator disconnect switch shall open 
the switch to disconnect the generator from load circuits. Protector performs the following 
functions: 

1. Initiates a generator overload alarm when generator has operated at an overload 
equivalent to 110 percent of full-rated load for 60 seconds. Indication for this alarm is 
integrated with other engine generator malfunction alarms. Contacts shall be available for 
load shed functions. 

2. Under single- or three-phase fault conditions, regulates generator to 300 percent of rated 
full-load current for up to 10 seconds. 

3. As overcurrent heating effect on the generator approaches the thermal damage point of 
the unit, protector switches the excitation system off, opens the generator disconnect 
device, and shuts down the engine generator. 

4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated 
voltage to avoid overshoot. 

C. Ground-Fault Indication: Comply with NFPA 70 Article 700, "Emergency System" signals for 
ground fault. 

1. Indicate ground fault with other engine generator alarm indications. 
2. Trip generator protective device on ground fault. 
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2.9 GENERATOR, EXCITER, AND VOLTAGE REGULATOR 

A. Comply with NEMA MG 1. 

B. Drive: Generator shaft shall be directly connected to engine shaft. Exciter shall be rotated 
integrally with generator rotor. 

C. Electrical Insulation: Class H. 

D. Stator-Winding Leads: Brought out to terminal box to permit future reconnection for other 
voltages if required.  

E. Construction shall prevent mechanical, electrical, and thermal damage due to vibration, 
overspeed up to 125 percent of rating, and heat during operation at 110 percent of rated 
capacity. 

F. Enclosure: Dripproof. 

G. Instrument Transformers: Mounted within generator enclosure. 

H. Voltage Regulator: Solid-state type, separate from exciter, providing performance as specified 
and as required by NFPA 110. 

1. Adjusting Rheostat on Control and Monitoring Panel: Provide plus or minus 5 percent 
adjustment of output-voltage operating band. 

I. Strip Heater: Thermostatically controlled unit arranged to maintain stator windings above dew 
point. 

J. Windings: Two-thirds pitch stator winding and fully linked amortisseur winding. 

K. Subtransient Reactance: 12 percent, maximum. 

2.10 OUTDOOR WEATHERPROOF/SOUND ATTENUATED GENERATOR-SET ENCLOSURE 

A. Description: 

1. Construction: Galvanized-steel, metal-clad, integral structural-steel-framed building 
erected on concrete foundation. Sound attenuated for 75dBA maximum sound level 
measured on all four sides of enclosure, at 23 feet (7 meters) with generator running at 
full load. 

2. Structural Design and Anchorage: Comply with ASCE 7 for wind loads. 
3. Louvers: Equipped with bird screen and filter arranged to permit air circulation when 

engine is not running while excluding exterior dust, birds, and rodents. 
4. Hinged Doors: With padlocking provisions. 
5. Ventilation: Louvers equipped with bird screen and filter arranged to permit air circulation 

while excluding exterior dust, birds, and rodents. 
6. Thermal Insulation: Manufacturer’s standard materials and thickness selected in 

coordination with space heater to maintain winter interior temperature within operating 
limits required by engine-generator-set components. 

7. Muffler Location: Within enclosure. 
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B. Engine Cooling Airflow through Enclosure: Maintain temperature rise of system components 
within required limits when unit operates at 110 percent of rated located for 2 hours with 
ambient temperature at top of range specified in system service conditions. 

1. Louvers: Fixed-engine, cooling-air inlet and discharge. Storm-proof and drainable louvers 
prevent entry of rain and snow. 

C. Interior Lights with Switch: Factory-wired, vaporproof-type fixtures within housing; arranged to 
illuminate controls and accessible interior. Arrange for external electrical connection. 

1. AC lighting system and connection point for operation when remote source is available. 
2. DC lighting system for operation when remote source and generator are both 

unavailable. 

D. Convenience Outlets: Factory wired, GFCI. Arrange for external electrical connection. 

2.11 SOURCE QUALITY CONTROL 

A. Prototype Testing: Factory test engine generator using same engine model, constructed of 
identical or equivalent components and equipped with identical or equivalent accessories. 

1. Tests: Comply with NFPA 110, Level 1 Energy Converters and with IEEE 115. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with packaged engine generator manufacturers' written installation and alignment 
instructions and with NFPA 110. 

B. Equipment Mounting: 

1. Install packaged engine generators on cast-in-place concrete equipment bases. Comply 
with requirements for equipment bases and foundations specified in Section 033000 
"Cast-in-Place Concrete."  

2. Coordinate size and location of concrete bases for packaged engine generators. Cast 
anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are 
specified with concrete. 

C. Install packaged engine generator to provide access, without removing connections or 
accessories, for periodic maintenance. 

D. Cooling System: Install Schedule 40 black steel piping with welded joints for cooling water 
piping between engine generator and heat exchanger.  

1. Install isolating thimbles where exhaust piping penetrates combustible surfaces. Provide 
a minimum of 9 inches (225 mm) of clearance from combustibles. 

2. Insulate cooling-system piping and components according to requirements in 
Section 230700 "HVAC Insulation." 

E. Drain Piping: Install condensate drain piping to muffler drain outlet with a shutoff valve, 
stainless-steel flexible connector, and Schedule 40 black steel pipe with welded joints. 
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F. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not 
specified to be factory mounted. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Sections. Drawings indicate general 
arrangement of piping and specialties. 

B. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine 
generator to allow service and maintenance. 

C. Connect cooling-system water piping to engine generator and remote radiator with flexible 
connectors. 

D. Connect engine exhaust pipe to engine with flexible connector. 

E. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." Provide a minimum of one 90-degree bend in flexible conduit routed to the engine 
generator from a stationary element. 

G. Balance single-phase loads to obtain a maximum of 10 percent unbalance between any two 
phases. 

3.3 IDENTIFICATION 

A. Identify system components according to Section 230553 "Identification for HVAC Piping and 
Equipment" and Section 260553 "Identification for Electrical Systems." 

B. Install a sign indicating the generator neutral is bonded to the main service neutral at the main 
service location. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections with the assistance of a factory-authorized service representative. 

E. Tests and Inspections: 

1. Perform tests recommended by manufacturer and each visual and mechanical inspection 
and electrical and mechanical test listed in first two subparagraphs below, as specified in 
NETA ATS. Certify compliance with test parameters. 

a. Visual and Mechanical Inspection: 
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1) Compare equipment nameplate data with Drawings and the Specifications. 
2) Inspect physical and mechanical condition. 
3) Inspect anchorage, alignment, and grounding. 
4) Verify that the unit is clean. 

b. Electrical and Mechanical Tests: 

1) Perform insulation-resistance tests according to IEEE 43. 

a) Machines Larger Than 200 hp (150 kW): Test duration shall be 10 
minutes. Calculate polarization index. 

b) Machines 200 hp (150 kW) or Less: Test duration shall be one 
minute. Calculate the dielectric-absorption ratio. 

2) Test protective relay devices. 
3) Verify phase rotation, phasing, and synchronized operation as required by 

the application. 
4) Functionally test engine shutdown for low oil pressure, overtemperature, 

overspeed, and other protection features as applicable. 
5) Perform vibration test for each main bearing cap. 
6) Conduct performance test according to NFPA 110. 
7) Verify correct functioning of the governor and regulator. 

2. NFPA 110 Acceptance Tests: Perform tests required by NFPA 110 that are additional to 
those specified here including, but not limited to, single-step full-load pickup test. 

3. Battery-Charger Tests: Verify specified rates of charge for both equalizing and float-
charging conditions. 

4. System Integrity Tests: Methodically verify proper installation, connection, and integrity of 
each element of engine generator system before and during system operation. Check for 
air, exhaust, and fluid leaks. 

5. Exhaust Emissions Test: Comply with applicable government test criteria. 
6. Voltage and Frequency Transient Stability Tests: Use recording oscilloscope to measure 

voltage and frequency transients for 50 and 100 percent step-load increases and 
decreases, and verify that performance is as specified. 

7. Harmonic-Content Tests: Measure harmonic content of output voltage at 25 and 100 
percent of rated linear load. Verify that harmonic content is within specified limits. 

8. Noise Level Tests: Measure A-weighted level of noise emanating from engine generator 
installation, including engine exhaust and cooling-air intake and discharge, at four 
locations 23 feet (7 m) from edge of the generator enclosure, and compare measured 
levels with required values. 

F. Coordinate tests with tests for transfer switches and run them concurrently. 

G. Test instruments shall have been calibrated within the past 12 months, traceable to NIST 
Calibration Services, and adequate for making positive observation of test results. Make 
calibration records available for examination on request. 

H. Leak Test: After installation, charge exhaust, coolant, and fuel systems and test for leaks. 
Repair leaks and retest until no leaks exist. 

I. Operational Test: After electrical circuitry has been energized, start units to confirm proper 
motor rotation and unit operation for generator and associated equipment. 

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



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

GASEOUS EMERGENCY ENGINE GENERATORS 26 32 13.16 - 13 of 13  

K. Remove and replace malfunctioning units and retest/reinspect as specified above. 

L. Retest: Correct deficiencies identified by tests and observations, and retest until specified 
requirements are met. 

M. Report results of tests and inspections in writing. Record adjustable relay settings and 
measured insulation resistances, time delays, and other values and observations. Attach a label 
or tag to each tested component indicating satisfactory completion of tests. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain packaged engine generators. 

END OF SECTION 26 32 13.16 
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SECTION 26 36 00 - 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. This Section includes transfer switches rated 600 V and less, including the following: 

1. Automatic transfer switches. 
2. Remote annunciation systems. 

B. Related Sections include the following: 
1. Division 263213.16 Section "Emergency Engine Generator". 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, weights, operating 
characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum 
clearances, conductor entry provisions, gutter space, installed features and devices, and 
material lists for each switch specified. 

C. Qualification Data:  For manufacturer and testing agency. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data:  For each type of product to include in emergency, operation, 
and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and 
Maintenance Data," include the following: 

1. Features and operating sequences, both automatic and manual. 
2. List of all factory settings of relays; provide relay-setting and calibration instructions, 

including software, where applicable. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Maintain a service center capable of providing training, parts, and 
emergency maintenance repairs within a response period of less than four hours from time of 
notification. 

B. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a member company of the InterNational Electrical Testing 
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Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association or the National Institute for Certification in Engineering 
Technologies to supervise on-site testing specified in Part 3. 

C. Source Limitations:  Obtain automatic transfer switches, remote annunciators and packaged 
engine generator through one source from a single manufacturer. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

E. Comply with NEMA ICS 1. 

F. Comply with NFPA 70. 

G. Comply with NFPA 110. 

H. Comply with UL 1008 unless requirements of these Specifications are stricter. 

1.5 WARRANTY 

A. Provide three (3) year warranty, from substantial completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Shall be provided by same manufacturer as generator submitted. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total system 
transfer, including tungsten filament lamp loads not exceeding 30 percent of switch ampere 
rating, unless otherwise indicated. 

B. Tested Fault-Current Closing and Withstand 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. 

C. Solid-State Controls:  Repetitive accuracy of all settings shall be plus or minus 2 percent or 
better over an operating temperature range of minus 20 to plus 70 deg C. 

D. Resistance to Damage by Voltage Transients:  Components shall meet or exceed voltage-surge 
withstand capability requirements when tested according to IEEE C62.41.  Components shall 
meet or exceed voltage-impulse withstand test of NEMA ICS 1. 

E. Electrical Operation:  Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism, mechanically and electrically interlocked in both directions. 
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F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Limitation:  Switches using molded-case switches or circuit breakers or insulated-case 
circuit-breaker components are not acceptable. 

2. Switch Action:  Double throw; mechanically held in both directions. 
3. Contacts:  Silver composition or silver alloy for load-current switching.  Conventional 

automatic transfer-switch units, rated 225 A and higher, shall have separate arcing 
contacts. 

G. Neutral Switching.  Where four-pole switches are indicated, provide neutral pole switched 
simultaneously with phase poles. 

H. Neutral Terminal:  Solid and fully rated, unless otherwise indicated. 

I. Annunciation, Control, and Programming Interface Components:  Devices at transfer switches 
for communicating with remote programming devices, annunciators, or annunciator and control 
panels shall have communication capability matched with remote device. 

J. Factory Wiring:  Train and bundle factory wiring and label, consistent with Shop Drawings, 
either by color-code or by numbered or lettered wire and cable tape markers at terminations.  
Color-coding and wire and cable tape markers are specified in Division 26 Section 
"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. 

K. Enclosures:  General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508, 
unless otherwise indicated. 

2.3 AUTOMATIC OPEN TRANSITION TYPE TRANSFER SWITCHES 

A. Comply with Level 1 equipment according to NFPA 110. 

B. Switching Arrangement:  Double-throw type, incapable of pauses or intermediate position stops 
during normal functioning, unless otherwise indicated. 

C. Manual Switch Operation:  Unloaded.  Control circuit automatically disconnects from electrical 
operator during manual operation. 

D. Signal-Before-Transfer Contacts:  A set of normally open/normally closed dry contacts operates 
in advance of retransfer to normal source.  Interval is adjustable from 1 to 30 seconds. 

E. Digital Communication Interface:  Matched to capability of remote annunciator or annunciator 
and control panel. 

F. In-Phase Monitor:  Factory-wired, internal relay controls transfer so it occurs only when the two 
sources are synchronized in phase. Relay compares phase relationship and frequency 
difference between normal and emergency sources and initiates transfer when both sources are 
within 15 electrical degrees, and only if transfer can be completed within 60 electrical degrees.  
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Transfer is initiated only if both sources are within 2 Hz of nominal frequency and 70 percent or 
more of nominal voltage. 

G. Motor Disconnect and Timing Relay:  Controls designate starters so they disconnect motors 
before transfer and reconnect them selectively at an adjustable time interval after transfer.  
Control connection to motor starters is through wiring external to automatic transfer switch.  
Time delay for reconnecting individual motor loads is adjustable between 1 and 60 seconds, 
and settings are as indicated.  Relay contacts handling motor-control circuit inrush and seal 
currents are rated for actual currents to be encountered. 

H. Automatic Transfer-Switch Features: 

1. Undervoltage Sensing for Each Phase of Normal Source:  Sense low phase-to-ground 
voltage on each phase.  Pickup voltage shall be adjustable from 85 to 100 percent of 
nominal, and dropout voltage is adjustable from 75 to 98 percent of pickup value.  
Factory set for pickup at 90 percent and dropout at 85 percent. 

2. Adjustable Time Delay:  For override of normal-source voltage sensing to delay transfer 
and engine start signals.  Adjustable from zero to six seconds, and factory set for one 
second. 

3. Voltage/Frequency Lockout Relay:  Prevent premature transfer to generator.  Pickup 
voltage shall be adjustable from 85 to 100 percent of nominal.  Factory set for pickup at 
90 percent.  Pickup frequency shall be adjustable from 90 to 100 percent of nominal.  
Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source:  Adjustable from 0 to 30 minutes, and 
factory set for 10 minutes to automatically defeat delay on loss of voltage or sustained 
undervoltage of emergency source, provided normal supply has been restored. 

5. Test Switch:  Simulate normal-source failure. 
6. Switch-Position Pilot Lights:  Indicate source to which load is connected. 
7. Source-Available Indicating Lights:  Supervise sources via transfer-switch normal- and 

emergency-source sensing circuits. 

a. Normal Power Supervision:  Green light with nameplate engraved "Normal Source 
Available." 

b. Emergency Power Supervision:  Red light with nameplate engraved "Emergency 
Source Available." 

8. Unassigned Auxiliary Contacts:  Two normally open, single-pole, double-throw contacts 
for each switch position, rated 10 A at 240-V ac. 

9. Engine Starting Contacts:  One isolated and normally closed, and one isolated and 
normally open; rated 10 A at 32-V dc minimum. 

10. Engine Shutdown Contacts:  Time delay adjustable from zero to five minutes, and factory 
set for five minutes.  Contacts shall initiate shutdown at remote engine-generator controls 
after retransfer of load to normal source. 

11. Engine-Generator Exerciser:  Solid-state, programmable-time switch starts engine 
generator and transfers load to it from normal source for a preset time, then retransfers 
and shuts down engine after a preset cool-down period.  Initiates exercise cycle at preset 
intervals adjustable from 7 to 30 days.  Running periods are adjustable from 10 to 30 
minutes.  Factory settings are for 7-day exercise cycle, 20-minute running period, and 5-
minute cool-down period.  Exerciser features include the following: 

a. Exerciser Transfer Selector Switch:  Permits selection of exercise with and without 
load transfer. 

b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is not 

available. 
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2.4 REMOTE ANNUNCIATOR SYSTEM 

A. Functional Description:  Remote annunciator panel shall annunciate conditions for indicated 
transfer switches.  Annunciation shall include the following: 

1. Sources available, as defined by actual pickup and dropout settings of transfer-switch 
controls. 

2. Switch position. 
3. Switch in test mode. 
4. Failure of communication link. 

B. Annunciator Panel:  LED-lamp type with audible signal and silencing switch. 

1. Indicating Lights:  Grouped for each transfer switch monitored. 
2. Label each group, indicating transfer switch it monitors, location of switch, and identity of 

load it serves. 
3. Mounting:  Flush, modular, steel cabinet, unless otherwise indicated. 
4. Lamp Test:  Push-to-test or lamp-test switch on front panel. 

2.5 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  Ensure 
proper operation.  Check transfer time and voltage, frequency, and time-delay settings for 
compliance with specified requirements.  Perform dielectric strength test complying with 
NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Annunciator and Control Panel Mounting:  Flush in wall, or wall-mount, unless otherwise 
indicated on Drawings. 

B. Identify components according to Division 26 Section "Identification for Electrical Systems." 

C. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

3.2 CONNECTIONS 

A. Wiring to Remote Components:  Match type and number of cables and conductors to control 
and communication requirements of transfer switches as recommended by manufacturer.  
Increase raceway sizes at no additional cost to Owner if necessary to accommodate required 
wiring. 

B. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

C. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 
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3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.  
Report results in writing. 

B. Manufacturer’s Field Service – Tests and Inspections: 

1. After installing equipment and after electrical circuitry has been energized, test for 
compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification.  Certify compliance with test parameters. 

3. 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. 

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. 

4. After energizing circuits, demonstrate interlocking sequence and operational function for 
each switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches and of 
emergency source with normal source available. 

b. Simulate loss of phase-to-ground voltage for each phase of normal source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of control 

settings. 
e. Verify proper sequence and correct timing of automatic engine starting, transfer 

time delay, retransfer time delay on restoration of normal power, and engine cool-
down and shutdown. 

5. Ground-Fault Tests:  Coordinate with testing of ground-fault protective devices for power 
delivery from both sources. 

a. Verify grounding connections and locations and ratings of sensors. 

C. Coordinate tests with tests of generator and run them concurrently. 

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. Remove and replace malfunctioning units and retest as specified above. 

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 as specified below.  
Refer to Division 01 Section "Demonstration and Training." 
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B. Coordinate this training with that for generator equipment. 

END OF SECTION 26 36 00 
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SECTION 26 41 13 - LIGHTNING PROTECTION FOR STRUCTURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes lightning protection system for the following: 

1. Ordinary structures. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include layouts of the lightning protection system, with details of the components to be 
used in the installation. 

2. Include raceway locations needed for the installation of conductors. 
3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and 

terminations, including concealment requirements. 
4. Calculations required by NFPA 780 for bonding of metal bodies. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Lightning protection system Shop Drawings, drawn to scale, 
coordinated with each other, using input from installers of the items involved: 

B. Qualification Data: For Installer. 

C. Product certificates. 

D. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

B. Completion Certificate: 

1. UL Master Label Certificate. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: LPI Master Installer. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Advanced Lightning Technology, LTD. 
2. East Coast Lightning Equipment Inc. 
3. ERICO International Corporation. 
4. Harger Lightning & Grounding. 
5. Heary Bros. Lightning Protection Co. Inc. 
6. Independent Protection Co. 
7. National Lightning Protection. 
8. Preferred Lightning Protection. 
9. Robbins Lightning, Inc. 

2.2 PERFORMANCE REQUIREMENTS 

A. NFPA Lightning Protection Standard: Comply with NFPA 780 requirements for school buildings. 

B. UL Lightning Protection Standard: Comply with UL 96A requirements for school buildings. 

C. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified 
testing agency as complying with UL 96, and marked for intended location and application. 

2.3 MATERIALS 

A. Air Terminals: 

1. Copper unless otherwise indicated. 
2. 324 inches (610 mm) long. 
3. Rounded tip. 
4. Threaded base support. 

B. Class 1 Main Conductors: 

1. Stranded Copper: 57,400 circular mils in diameter. 

C. Secondary Conductors: 

1. Stranded Copper: 26,240 circular mils in diameter. 

D. Ground Loop Conductor: Stranded copper. 

E. Ground Rods: 

1. Material: Solid copper. 
2. Diameter: 3/4 inch (19 mm). 
3. Rods shall be not less than 120 inches (3050 mm) long. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install lightning protection components and systems according to UL 96A and NFPA 780. 

B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less 
than 90 degrees and 8 inches (203 mm) in radius and narrow loops. 

C. Conceal conductors within normal view from exterior locations at grade within 200 feet (60 m) of 
building. Comply with requirements for concealed installations in UL 96A and concealed 
systems in NFPA 780. 

D. Ground Ring Electrode: The conductor shall be not less than the main-size lightning conductor. 

3.2 CONNECTIONS 

A. Aboveground concealed connections, and connections in earth or concrete, shall be done by 
exothermic welds or by high-compression fittings listed for the purpose. 

B. Aboveground exposed connections shall be done using the following types of connectors, listed 
and labeled for the purpose: exothermic weld. 

C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3.3 FIELD QUALITY CONTROL 

A. Special Inspections: Engage a qualified special inspector to perform the following special 
inspections: 

1. Perform inspections as required to obtain a UL Master Label for system. 

B. Prepare test and inspection reports and certificates. 

C. Notify Architect at least 48 hours in advance of in section before concealing lightning protection 
components. 

END OF SECTION 26 41 13 
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SECTION 26 43 13 - SURGE PROTECTION DEVICES (SPD) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes field mounted SPDs for low-voltage (120V to 600V) power distribution and 
control equipment. 

1.2 LISTING REQUIREMENTS 

A. UL 1449 Third Edition listed. 

1.3 SUBMITTALS 
 
A. Drawings:  Electrical and mechanical drawings shall be provided by the manufacturer which show 

unit dimensions, weights, mounting provisions, connection notes, wire size and wiring diagram. 
 

B. Equipment Manual: The manufacturer shall furnish an installation manual with installation notes, 
start-up and operating instructions for the specified SPD.  Installation instructions shall clearly state 
whether the system requires an external overcurrent device to maintain the system’s UL 1449 
listing.  

 
C. Verification that all SPD are UL tested and labeled with 20kA (In) nominal discharge rating for 

compliance to UL96A Lightning Protection Master Label and NFPA 780. 
 

D. UL 1449 stipulation for fused SPD – The manufacturer’s authorized representative is required to 
submit the following: 

 
1. Certify that the SPD is UL 1449 listed (UL Card) with UL Card. 
2. Indicate the type of internal or external fusing that is incorporated in the SPD and what 

impact the fusing has on the performance of the device with respect to surge capacity 
and clamping levels. 

 
E. Manufacturer must provide independent testing on repetitive capability and maximum surge 

current rating of service entrance suppressor units.  This shall be performed at a nationally 
recognized lab not affiliated with the manufacturer. 
1. Single pulse surge current capacity:  single pulse surge current tested in a mode at rated 

surge currents.  Single pulse surge current capacities of 200,000 A or less per mode are 
established by single pulse testing in a mode.   

2. Single pulse surge current capacity test:  an initial UL 1449 defined as 1.2 x 50µs, 6000V 
open circuit voltage waveform and an 8 x 20µs, 500A and 3kA short circuit current 
waveform is applied to benchmark the unit’s suppression voltage. 

3. A single pulse surge of maximum rated surge current (for units rated over 200,000A per 
mode, components or sub-assemblies are tested) magnitude with an approximated 8 x 
20µs waveform is then applied.  To complete the test, another UL 1449 surge shall be 
applied to verify the unit’s survival.  Survival is achieved if the suppression voltage 
measured from the two UL1449 surges does not vary by more than 10%. 

 
F. Minimum Repetitive Surge Current Capacity. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

 
SURGE PROTECTION DEVICES 26 43 13 - 2 of 6 

1. Service entrance suppressor units should be tested repetitively to verify repetitive 
capacity.   

2. Minimum Repetitive Surge Current Capacity Test: 
a. An initial UL 1449 surge defined as 1.2 x 50µs, 6000V open circuit voltage 

waveform and an 8 x 20µs, 500A and 3kA short circuit current waveform is applied 
to benchmark the unit’s suppression voltage. 

b. A repetitive number of ANSI/IEEE C62.41.2-2002 (Category C3) surges defined as 
a 1.2 x 50µs 10kV or 20kV open circuit voltage waveform and an 8 x 20µs 10,000A 
short circuit current waveform are then applied at one minute intervals. 

c. To complete the test, another UL 1449 surge shall be applied to verify the unit’s 
survival. 

3. Survival is achieved if the suppression voltage measured from the two UL 1449 surges 
does not vary by more than 10%. 

4. Proof of such testing shall be the test log generated by the surge generator. 
 

G. Short Circuit Fuse Testing. 
1. Each design configuration shall be short circuit tested in accordance with the type of 

fusing utilized in the suppression path. 
2. Short Circuit Fuse Test: 

a. Testing shall include application of a sustained overvoltage that causes the unit to 
enter a bolted fault condition. 

b. This bolted fault condition shall occur with the full rated AIC current of the fuse 
available. 

3. The fuse shall fail in a safe manner with no physical or structural damage to the unit and 
any failure shall be self-contained within the unit. 

 
H. Surge Current Fuse Testing. 

1. Each design configuration shall be surge tested with fusing in series to verify that a 
transient of maximum surge current capacity magnitude is fully suppressed without fuse 
failure, operation or degradation. 

 
I. Service Entrance SPD must be subjected to a series of waveforms as described in IEEE 

C62.41.2-2002.  Clamping voltage measurements were taken throughout the tests to evaluate 
any deviations in performance as a result of the surges.  Injected surges included the 1.2/50µs, 
8/20µs waveforms at levels of 6kV/500A for bench marking, and high current 10/1000µs surges 
at 1.5, 3.1, 3.6 and 6.2 kA levels. 

1.4 STANDARDS 

A. UL 1449 3rd Edition.  Underwriters laboratories safety standard for Surge Protection Devices. 

B. NEC Article 285.  National electrical code 2008 rev. 

C. NFPA 780.  STANDARD FOR THE INSTALLATION OF LIGHTNING PROTECTION SYSTEMS. 

D. IEEE (Institute of Electrical and Electronic Engineering Inc.) C62.41.1 and C62.41.2 – 2002 rev.  
 IEEE C62.45 – 2002 rev 
 IEEE Std. 1100 “The Emerald Book” Section 8.4.2.5 

E. CBEMA (ITIC) and IEC - (Computer Business Equipment Manufacturers Association or 
Information Technology Industry Council and International Electrotechnical Commission define 
clamping voltage tolerance guidelines for sensitive equipment) 
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F. All manufacturers must comply with above listed standards and any additions current revisions of 
industry standards.  All products that do not comply with current industry standards will not be 
accepted.   

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain all suppression devices and accessories through one source from a 
single manufacturer. 

1.6 PROJECT CONDITIONS 

A. Placing into Service:  Do not energize or connect service entrance equipment, panelboards, 
control terminals, or data terminals to their sources until the surge protective devices are 
installed and connected. 

B. Each protection device shall have a capacitive filtering system connected in each Line-to-
Neutral (L→N)(Wye) mode or Line to Line (L→L)(Wye or Delta) mode to provide EMI/RFI noise 
attenuation. 

C. Protection modes: The SPD shall have 10 Dedicated Modes of Protection including Direct Line 
to Line. Provide (3) three Line to Neutral (L→N), (3) three Line-to-Ground (L→G), (3) three Line-
to-Line (L→L) and (1) one Neutral-to-Ground (N→G) protection. 

D. Service Conditions:  Rate surge protective devices for continuous operation under the following 
conditions, unless otherwise indicated: 
1. Maximum Continuous Operating Voltage (MCOV):  Should be tested to 115% per UL 

1449 3rd. 
2. Operating Temperature:  0 to 50 deg F. 
3. Humidity:  0 to 95 percent, noncondensing. 
4. Altitude:  Less than 12,000 feet above sea level. 

1.7 COORDINATION 

A. Coordinate location of field-mounted surge suppressors to allow adequate clearances for 
maintenance. 

B. All devices must be installed on the load side of the facility after the first overcurrent protection 
or disconnect.   

C. Products shall be installed external to service, distribution, and branch panel equipment.  All 
SPDs must have the same or greater AIC, Interrupting, or Fault rating of the equipment the SPD 
is protecting.   

1.8 WARRANTY 

A. General Warranty:  Special warranties specified in this article shall not deprive owner of other 
rights owner may have under other provisions of the Contract Documents and shall be in 
addition to, and run concurrent with, other warranties made by contractor under requirements of 
the Contract Documents. 
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B. Manufacturer shall provide a product warranty for a period of not less than twenty-five (25) 
years from date of installation. Warranty shall cover unlimited replacement of SPD or modules 
during the warranty period. Those firms responding to this specification shall provide proof that 
they have been regularly engaged in the design, manufacturing and testing of SPD for not less 
than thirty (30) years.   

PART 2 - PRODUCTS 

2.1 SERVICE ENTRANCE SUPPRESSORS 

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

a. Surge Suppression, Inc 
b. LEA International Inc  
c. Current Technology 
d. Liebert 
e. Advanced Protection Technologies 

 
B.    SPD shall be a multi-stage parallel protector. Please see one-line diagram and panelboard 

schedule to confirm voltages. SPD’s minimum surge current capacity shall be 300kA per phase 
(L-N plus L-G) and 100kA per mode (L-N, L-G, L-L and N-G).     
 

C. SPD shall contain a technology that utilizes component-level and short circuit current fused 
metal oxide varistors (MOV) per mode. 

 
D. SPD shall be labeled as minimum with Type 2 (verifiable at UL.com).  Every component of eve-

ry mode, including N-G, shall be protected by internal thermal protection.  SPDs relying upon 
external or supplementary installed safety overcurrent protection do not meet the intent of this 
specification. 

 
E. All primary transient paths shall utilize copper wire, aluminum bus bar and lugs of equivalent 

capacity to provide equal impedance interconnection between phases.  No plug-in module or 
components shall be used in surge carrying paths.   

F. SPD shall be non-modular design.  

G. SPD shall provide the following monitoring features: dry contacts, digital surge counter and audible 
alarm with alarm disable switch.   

H. Equipment shall utilize a NEMA 12 enclosure.  

I. If no circuit breaker is available add internal disconnect switch. 

2.2 DISTRIBUTION PANEL SUPPRESSORS            

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

a. Surge Suppression, Inc 
b. LEA International Inc  
c. Current Technology 
d. Liebert 
e. Advanced Protection Technologies 
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B. SPD shall be a multi-stage parallel protector. Please see one-line diagram and panelboard 

schedule to confirm voltages. SPD’s minimum surge current capacity shall be 180kA per phase 
(L-N plus L-G) and 60kA per mode (L-N, L-G, L-L and N-G).     

 
C. SPD shall meet all specification requirements in section 2.1 (C through E) and as follows: 

 
D. SPD shall be non-modular design.  

 
E. SPD shall provide the following monitoring features: dry contacts, surge counter and audible alarm 

with alarm disable switch.  
 

F. SPD shall utilize a NEMA 12 enclosure.   
 

G. If no circuit breaker is available add internal disconnect switch. 

2.3 PANELBOARD SUPPRESSORS            

A. Acceptable Manufacturers: 
 
a. Surge Suppression, Inc 
b. LEA International Inc  
c. Current Technology 
d. Liebert 
e. Advanced Protection Technologies 
 

B. SPD shall be a multi-stage non-parallel protector. Please see one-line diagram and panelboard 
schedule to confirm voltages. SPD’s minimum surge current capacity shall be 120kA per phase 
(L-N plus L-G) and 40kA per mode (L-N, L-G, L-L and N-G).     

 
C. SPD shall meet all specification requirements in section 2.1 (C through E) and as follows: 
D. SPD shall be non-modular design.  

 
E. SPD shall provide the following monitoring features:  dry contacts and audible alarm.   

 
F. SPD shall utilize a NEMA 1 enclosure or better. 

 
G. If no circuit breaker is available add internal disconnect switch. 

 

PART 3 - EXECUTION 

3.1 INSTALLATION OF SURGE PROTECTIVE DEVICES 

A. The specified unit shall be installed external to switchboard, distribution and panelboard as 
stand alone.  Internal products will not be accepted. 

B. The specified service entrance/switchboard/switchgear system shall be installed with the 
shortest lead length possible from the power conductor(s) it is protecting, must have a 
grounding of 25 Ohms (NEC Article 250.56) or less and shall avoid any unnecessary or sharp 
bends. Circuit breaker size is to be matched to SPD manufacturer wire size. Minimum circuit 
breaker size is 30A for connection means.  See manufacturer’s installation manual.  

C. The specified distribution system shall be installed with the shortest lead length possible from 
the power conductor(s) it is protecting, must have a grounding of 25 Ohms (NEC Article 250.56) 
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or less and shall avoid any unnecessary or sharp bends. Circuit breaker size is to be matched 
to SPD manufacturer wire size. Minimum circuit breaker size is 30A for connection means.  See 
manufacturer’s installation manual.  

D. The specified branch panelboard system shall be installed with the shortest lead length possible 
from the power conductor(s) it is protecting, must have a grounding of 25 Ohms (NEC Article 
250.56) or less and shall avoid any unnecessary or sharp bends. Circuit breaker size is to be 
matched to SPD manufacturer wire size. Minimum circuit breaker size is 30A for connection 
means. See manufacturer’s installation manual. 

3.2 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 and UL 486B. 

3.3 FIELD QUALITY CONTROL 

A. Testing:  Contractor shall perform the following field quality-control testing: 

B. Testing:  Perform the following field quality-control testing: 
1. After installing surge protective devices, but before electrical circuitry has been energized 

verify that the unit voltage and connecting equipment voltage is same.   
2. Verify per NEC 285.6 that the SPD AIC rating is equal or greater to connecting 

equipment. 
3. Complete startup checks according to manufacturer's written instructions. 
4. Perform visual and mechanical inspection of each unit to verify light functionality. 

END OF SECTION 26 43 00 
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SECTION 26 51 19- LED INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

a. Interior solid-state luminaires that use LED technology. 
b. Lighting fixture supports. 

B. Related Requirements: 

a. Section 260923 "Lighting Control Devices" for automatic control of lighting, including time 
switches, photoelectric relays, occupancy sensors, and multipole lighting relays and 
contactors. 

b. Section 260926 "Lighting Control Panelboards" for panelboards used for lighting control. 

1.2 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, power supply/driver and housing. 

H. Delivered Lumen: Measured light output exiting luminaire after all lensing reflector housing, etc. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product, arranged by designation. 

B. Shop Drawings: For nonstandard or custom luminaires. 

a. Include plans, elevations, sections, and mounting and attachment details. 
b. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

c. Include diagrams for power, signal, and control wiring. 

C. Substitutions: 
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a. Provide one luminaire for each substitution of product not listed in light fixture schedule.  
Sample luminaire shall be the specified color temperature, lumen output, correct size (i.e. 
2x2 or 2x4), plug and cord installed on luminaire.  Paint chip samples for non-standard 
colors shall be provided to Architect in size and quantity as required by Architect.  
Provision of sample does not imply approval of luminaire.  All samples must be delivered 
(assembled and in working order) for inspection and approval 10 working days prior to 
bid.  5 day evaluation and return comments on each fixture shall be allocated for design 
team.  Refer to Specification section  01632-1.06. 

D. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale and 
coordinated with each other, using input from installers of the items involved: 

B. Seismic Qualification Certificates: For luminaires, accessories, and components, from 
manufacturer. 

C. Product Certificates: For each type of luminaire. 

D. Sample warranty. 

E. R9 values of LED Luminaires. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period. 

B. Warranty Period: Five year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined 
according to ASCE/SEI 7. 

B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock resistant. 

a. The term "withstand" means "the luminaire will remain in place without separation of any 
parts when subjected to the seismic forces specified and the luminaire will be fully 
operational during and after the seismic event." 
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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 for hazardous locations shall be listed and labeled for indicated 
class and division of hazard by an NRTL. 

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

D. Recessed Fixtures: Comply with NEMA LE 4. 

E. CRI minimum of 80. CCT of 4000 Kelvin.  unless otherwise noted on light fixture schedule. 

F. Rated lamp life of 50,000 hours minimum at L70. 

G. Dimmable from 100 percent to 10 percent of maximum light output minimum, flicker free and no 
cut outs (unless otherwise specifically noted in light fixture schedule for lower dimming range).  
All dimming controls shall be coordinated and confirmed with each light fixture manufacturer 
dimming driver prior to rough-in and confirmation indicated at shop drawing level in writting.  

H. Internal driver. Bottom and/or room accessible when located in hard ceilings.  No remote drivers 
unless specifically called for in light fixture schedule.  All remote driver locations shall be 
submitted to architect for review and final approval prior to rough-in.  Reverify all remote driver 
distances from luminaire with manufacturer recommendations and adjust wire size as required 
for normal operation. 

I. Nominal Operating Voltage: 120 V ac through 277 V ac (universal voltage) 12 V dc 24 V dc. 

a. Lens Thickness: At least 0.125 inch (3.175 mm) minimum unless otherwise indicated in 
light fixture schedule. 

J. Housings: 

a. Extruded-aluminum housing and heat sink. 
b. Anodized powder-coat painted finishes.  Finish per Architect. 
c. All parts painted after fabrication 

K. All interior Light Fixtures shall be DLC or Energy Star listed. 

2.3 RECESSED TROFFERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
    a.    H.E. Williams. 
    b.    Eaton Lighting. 
    c.    LSI. 

B. Minimum and/or Maximum lumens shall be per light fixture schedule. 

C. With integral mounting provisions. 

D. Bottom/Room side access. 
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E. 0 – 10V dimmable with isolated lead wires. 

F. All parts painted after fabrication. 

G. Spring loaded cam latch style for doors. 

H. Aluminum door frames. 

2.4 DOWNLIGHT 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
    a.    Atlantic Lighting. 
    b.    Portfolio. 
    c.    Spectrum Lighting. 

B. Minimum lumens shall be per light fixture schedule. Minimum allowable efficacy of 68 lumens 
per watt. 

C. Universal mounting bracket. 

D. Integral junction box with conduit fittings. 

E. 0 – 10V dimmable with isolated lead wires. 

F. Aluminum heat sink. 

G. Self-flanged. 

H. Gloves or other protective items shall be used when interacting with the reflector system.  No 
finger prints, dirt, or oils shall be visible.  Any indication of these shall require replacement of 
reflector system at no cost to manufacturer or owner. 

2.5 RECESSED LINEAR 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
a. Coronet Lighting. 
b. Nulite Lighting. 
c. Precision Architectural Lighting. 
d. Pinnacle Lighting. 
e. Mercury Lighting. 
f. Amerlux Lighting 

B. Minimum lumens per lighting fixture schedule. 

C. Integral junction box with conduit fittings. 

D. Integral 0 – 10V dimmable with isolated lead wires. 

E. Flush snap in retention style Lensed (type as per light fixture schedule). 
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F. Refer to plans for housing lengths required. Continuous runs up to 8 ft. long shall be provided 
with one lens. Lengths over 8 ft. long up to 16 ft. long shall be provided with two lenses. Where 
two lenses meet, there will be no gap or light leak. Lensing at end of run shall not have more 
than 1/32 of an inch gap.  Any indication of light leaks or exceeding indicated gap length at end 
of luminaire shall require replacement of lensing at no cost to owner.  4ft long lenses for Wall 
Wash style luminaires only will be acceptable. 

G. Mounting hardware for each recessed linear luminaire run shall be coordinated with all other 
trades prior to ordering. Provide clearly defined submittal drawings indicating each location and 
associated hardware being provide at shop drawing level. 

H. Extruded aluminum housing. 

2.6 STRIP LIGHT 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
    a.    LSI. 
    b.    Metalux. 
    c.    H.E. Williams. 

B. Minimum lumens shall be per light fixture schedule. 

C. Integral junction box with conduit fittings. 

D. Aluminum housing. 

E. 0 – 10V dimmable with isolated lead wires. 

2.7 HIGH BAY 

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

a. Atlantic Lighting. 
b. Venture Lighting. 
c. LSI. 

B. Minimum lumens shall be per light fixture schedule. 

C. Acrylic lensing, bottom conical lens, wire guard with safety chain. 

D. Mounting hardware submittals including power feed details, rigid suspension details, 
suspension points and attachment to structure. 

E. Minimum of 80 CRI, 4000k. 

F. Aluminum housing. 

G. Integral 0 – 10V dimmable with isolated lead wires. 
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2.8 SUSPENDED, LINEAR 

A. Manufacturers: Subject to compliance with requirements provide products by one of the 
following manufacturers: 
a. Coronet Lighting. 
b. NuLite Lighting. 
c. Precision Architectural Lighting. 
d. Pinnacle Lighting. 
e. Mercury Lighting. 
f. Amerlux Lighting. 

B. Minimum lumens shall be per lighting fixture schedule. 

C. Clear dust cover (where applicable). 

D. Integral 0 – 10V dimmable with isolated lead wires. 

E. Mounting hardware submittals including power feed details, aircraft cable suspension details 
and suspension points. 

F. Extruded aluminum housings. 

G. Refer to plans for housing lengths required. Continuous runs up to 8 ft. long shall be provided 
with one lens. Lengths over 8 ft. long up to 16 ft. long shall be provided with two lenses. Where 
two lenses meet, there will be no gap or light leak. Lensing at end of run shall not have more 
than 1/32 of an inch gap.  Any indication of light leaks or exceeding indicated gap length at end 
of luminaire shall require replacement of lensing at no cost to owner.  4ft long lenses for Wall 
Wash style luminaires only will be acceptable. 

H. Flush snap in retention style Lensed (type as per light fixture schedule). 

2.9 MATERIALS 

A. Metal Parts: 

a. Free of burrs and sharp corners and edges. 
b. Sheet metal components shall be steel unless otherwise indicated. 
c. Form and support to prevent warping and sagging 

B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 
relamping and when secured in operating position. 

C. Diffusers, and Globes: 
a. Acrylic: One hundred percent virgin acrylic plastic, with high resistance to yellowing and 

other changes due to aging, exposure to heat, and UV radiation. 
b. Glass: Annealed crystal glass unless otherwise indicated. 
c. Lens Thickness: At least 0.125 inch (3.175 mm) minimum unless otherwise indicated. 
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2.10 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. 

2.11 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. Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling canopy. 
Finish same as luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage (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 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 

C. Install lamps in each luminaire. 

D. Supports: Sized and rated for luminaire weight. 

E. Flush-Mounted Luminaire Support: Secured to outlet box. 

F. Wall-Mounted Luminaire Support: 

a. Attached to structural members in walls Attached to a minimum 20 gauge backing plate 
attached to wall structural members Attached using through bolts and backing plates on 
either side of wall. 

b. Do not attach luminaires directly to gypsum board. 

G. Ceiling-Mounted Luminaire Support: 

a. Ceiling mount with two 5/32-inch- (4-mm-) diameter aircraft cable supports adjustable to 
120 inches (6 m) in length. 

b. Ceiling mount with pendant mount four-point pendant mount with 5/32-inch- (4-mm-) 
diameter aircraft cable supports adjustable to 120 inches (6 m) in length. 

c. Ceiling mount with hook mount. 

H. Suspended Luminaire Support: 
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a. Pendants and Rods: Where longer than 48 inches (1200 mm), brace to limit swinging. 
b. 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. 

c. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and wire 
support for suspension for each unit length of luminaire chassis, including one at each 
end. 

d. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods 
to building structure. 

I. Ceiling-Grid-Mounted Luminaires: 

a. Secure to any required outlet box. 
b. Secure luminaire using approved fasteners in a minimum of four locations, spaced near 

corners of luminaire. 

J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" for wiring connections. 

K. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

a. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

b. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. 
Verify transfer from normal power to generator power and retransfer too normal. 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 

C. Prepare test and inspection reports. 

END OF SECTION 26 51 19 
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SECTION 26 56 13- LIGHTING POLES AND STANDARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Poles and accessories for support of luminaires. 
2. Luminaire-lowering devices. 

1.2 DEFINITIONS 

A. EPA: Effective projected area. 

B. Luminaire: Complete lighting fixture. 

C. Pole: Luminaire-supporting structure, including tower used for large-area illumination. 

D. Standard: See "Pole." 

1.3 ACTION SUBMITTALS 

A. Product Data: For each pole, accessory, and luminaire-supporting and -lowering device. 

B. Shop Drawings: 

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. Detail fabrication and assembly of poles and pole accessories. 
4. Foundation construction details, including material descriptions, dimensions, anchor 

bolts, support devices, and calculations, signed and sealed by a professional engineer 
licensed in the state of installation. 

5. Anchor bolt templates keyed to specific poles and certified by manufacturer. 
6. Method and procedure of pole installation. Include manufacturer's written installations. 

1.4 INFORMATIONAL SUBMITTALS 

A. Pole and Support Component Certificates: Signed by manufacturers of poles, certifying that 
products are designed for indicated load requirements according to AASHTO LTS-6-M and that 
load imposed by luminaire and attachments has been included in design. The certification shall 
be based on design calculations signed and sealed by a professional engineer. 

B. Seismic Qualifications for entire pole assembly. 

C. Material test reports. 
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D. Field quality-control reports. 

E. Sample warranty. 

F. Soil test reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data for luminaire maintenance and pole-mounted accessories. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of pole(s) that fail in 
materials or workmanship; that corrode; or that fade, stain, perforate, erode, or chalk due to 
effects of weather or solar radiation within a specified warranty period. Manufacturer may 
exclude lightning damage, hail damage, vandalism, abuse, or unauthorized repairs from special 
warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 
"Quality Requirements," to design pole foundation and pole power system. 

B. Seismic Performance: Foundation and pole shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the system will remain in place without separation of any 
parts when subjected to the seismic forces specified and the system will be fully 
operational after the seismic event." 

2. Component Importance Factor: 1.5. 

C. Structural Characteristics: Comply with AASHTO LTS-6-M. 

D. Dead Load: Weight of luminaire and its horizontal and vertical supports, lowering devices, and 
supporting structure, applied according to AASHTO LTS-6-M. 

E. Live Load: Single load of 500 lbf (2200 N) distributed according to AASHTO LTS-6-M. 

F. Ice Load: Load of 3 lbf/sq. ft. (145 Pa), applied according to AASHTO LTS-6-M for applicable 
areas on the Ice Load Map. 

G. Wind Load: Pressure of wind on pole and luminaire, calculated and applied according to 
AASHTO LTS-6-M. 

1. Basic wind speed for calculating wind load for poles 50 feet (15 m) high or less is 100 
mph (45 m/s). 
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a. Wind Importance Factor: 1.0. 
b. Minimum Design Life: 25 years. 
c. Velocity Conversion Factor: 1.0. 

H. Strength Analysis: For each pole, multiply the actual EPA of luminaires and brackets by a factor 
of 1.1 to obtain the EPA to be used in pole selection strength analysis. 

I. Luminaire Attachment Provisions: Comply with luminaire manufacturers' mounting 
requirements. Use stainless-steel fasteners and mounting bolts unless otherwise indicated. 

2.2 STEEL POLES 

A. Valmont or approved equals.  Provide sample of bell bottom base for review. 

B. Source Limitations: Obtain poles from single manufacturer or producer. 

C. Source Limitations: For poles, obtain each color, grade, finish, type, and variety of pole from 
single source with resources to provide products of consistent quality in appearance and 
physical properties. 

D. Poles: Comply with ASTM A 500/A 500M, Grade B carbon steel with a minimum yield of 46,000 
psig (317 MPa); one-piece construction up to 40 feet (12 m) in height with access handhole in 
pole wall. 

1. Shape:  Square straight. 
2. Mounting Provisions: Bell bottom taper or approved equals.  Minimum 0.75” base plate 

for bolted mounting on foundation 
3. Provide internal barrier separation or internal raceway for security system cabling and low 

voltage 0-10v control wiring. 

E. Steel Mast Arms: Single-arm type, continuously welded to pole attachment plate. Material and 
finish same as plate. 

F. Brackets for Luminaires: Detachable, cantilever, without underbrace. 

1. Adaptor fitting welded to pole, allowing the bracket to be bolted to the pole-mounted 
adapter, then bolted together with stainless or galvanized-steel bolts. 

2. Cross Section: Tapered oval, with straight tubular end section to accommodate luminaire. 
Match pole material and finish. 

G. Pole-Top Tenons: Not allowed. 

H. Fasteners: Stainless steel or Galvanized steel, size and type as determined by manufacturer. 
Corrosion-resistant items compatible with support components. 

1. Materials: Compatible with poles and standards as well as the substrates to which poles 
and standards are fastened and shall not cause galvanic action at contact points. 

2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers: Hot-dip galvanized after 
fabrication unless otherwise indicated. 

I. Grounding and Bonding Lugs: Welded 1/2-inch (13-mm) threaded lug, complying with 
requirements in Section 260526 "Grounding and Bonding for Electrical Systems," listed for 
attaching grounding and bonding conductors of type and size indicated, and accessible through 
handhole. 
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J. Handhole: Oval or Rectangular shaped, with minimum clear opening of 2-1/2 by 5 inches (65 by 
130 mm), with cover secured by stainless-steel captive screws with independent access to both 
sides of barrier(s). 

K. Intermediate Handhole and Cable Support: Weatherproof, 3-by-5-inch (76-by-130-mm) 
handhole located at midpoint of pole, with cover for access to internal welded attachment lug for 
electric cable support grip. 

L. Cable Support Grip: Wire-mesh type with rotating attachment eye, sized for diameter of cable 
and rated for a minimum load equal to weight of supported load multiplied by a 5.0 safety factor. 

M. Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting. 

N. Galvanized Finish: After fabrication, hot-dip galvanize according to ASTM A 123/A 123M. 

O. Factory-Painted Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and 
Metal Products" recommendations for applying and designating finishes. 

1. Surface Preparation: Clean surfaces according to 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, 
according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Interior Surfaces of Pole: One coat of bituminous paint, or otherwise treat for equal 
corrosion protection. 

3. 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 by Architect from manufacturer's full range. 

P. Powder-Coat Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal 
Products" recommendations for applying and designating finishes. 

1. Surface Preparation: Clean surfaces according to SSPC-SP 1 to remove dirt, oil, grease, 
and other contaminants that could impair powder coat bond. Grind welds and polish 
surfaces to a smooth, even finish. Remove mill scale and rust, if present, from uncoated 
steel, according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Powder Coat: Comply with AAMA 2604. 

a. Electrostatic-applied powder coating; single application and cured to a minimum 
2.5- to 3.5-mils dry film thickness. Coat interior and exterior of pole for equal 
corrosion protection. 

b. Color: As selected by Architect from manufacturer's full range. 

2.3 ALUMINUM POLES 

A. Valmont or approved equals. 

B. Poles: Seamless, extruded structural tube complying with ASTM B 221, Alloy 6063-T6, with 
access handhole in pole wall. 

C. Poles: Seamed Seamless, extruded structural tube complying with ASTM B 221, Alloy 6061-T6, 
with access handhole in in pole wall. 

1. Shape: Square straight. 
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2. Mounting Provisions: Butt flange for bolted mounting on foundation or breakaway 
support. 

3. Provide internal barrier separation or internal raceway for security system cabling. 

D. Mast Arms: Aluminum or Steel Single-arm type, continuously welded to pole attachment plate. 
Material and finish same as plate. 

E. Brackets for Luminaires: Detachable, cantilever, without underbrace. 

1. Adaptor fitting welded to pole, allowing the bracket to be bolted to the pole-mounted 
adapter, then bolted together with stainless or galvanized-steel bolts. 

2. Cross Section: Tapered oval, with straight tubular end section to accommodate luminaire. 
Match pole material and finish. 

F. Pole-Top Tenons: Not allowed. 

G. Grounding and Bonding Lugs: Bolted 1/2-inch (13-mm) threaded lug, complying with 
requirements in Section 260526 "Grounding and Bonding for Electrical Systems," listed for 
attaching grounding and bonding conductors of type and size listed in that Section, and 
accessible through handhole. 

H. Fasteners: Stainless steel or Galvanized steel, size and type as determined by manufacturer. 
Corrosion-resistant items compatible with support components. 

1. Materials: Compatible with poles and standards as well as to substrates to which poles 
and standards are fastened and shall not cause galvanic action at contact points. 

2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers: Hot-dip galvanized after 
fabrication unless otherwise indicated. 

I. Handhole: Oval or Rectangular shaped, with minimum clear opening of 2-1/2 by 5 inches (65 by 
130 mm), with cover secured by stainless-steel captive screws. 

J. Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting. 

K. Aluminum Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal 
Products" 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 of 0.018 mm or thicker), complying with AAMA 611. 

4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium; 
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. 

L. Factory-Painted Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and 
Metal Products" 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 
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surfaces to a smooth, even finish. Remove mill scale and rust, if present, from uncoated 
steel, according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Interior Surfaces of Pole: One coat of bituminous paint, or otherwise treat for equal 
corrosion protection. 

3. 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 by Architect from manufacturer's full range. 

M. Powder-Coat Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal 
Products" 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 powder coat bond. Grind welds and 
polish surfaces to a smooth, even finish. Remove mill scale and rust, if present, from 
uncoated steel, according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Powder coat shall comply with AAMA 2604. 

a. Electrostatic applied powder coating; single application with a minimum 2.5- to 3.5-
mils dry film thickness; cured according to manufacturer's instructions. Coat interior 
and exterior of pole for equal corrosion protection. 

b. Color: As selected by Architect from manufacturer's full range. 

2.4 POLE ACCESSORIES 

A. Base Covers: Manufacturers' standard metal units, finished same as pole, and arranged to 
cover pole's mounting bolts and nuts. 

B. Transformer-Type Bases: Not allowed. 

2.5 MOUNTING HARDWARE 

A. Anchor Bolts: Manufactured to ASTM F 1554, Grade 55, with a minimum yield strength of 
55,000 psi (380,000 kPa). 

1. Galvanizing: Hot dip galvanized according to ASTM A 153, Class C. 
2. Bent Headed rods <Insert inches (mm)> in diameter by <Insert inches (mm)> in length. 
3. Threading: Uniform National Coarse Uniform National 8, Class 2A. 

B. Nuts: ASTM A 563, Grade A, Heavy-Hex 

1. Galvanizing: Hot dip galvanized according to ASTM A 153, Class C. 
2. Four nuts provided per anchor bolt, shipped with nuts pre-assembled to the anchor bolts. 

C. Washers: ASTM F 436, Type 1. 

1. Galvanizing: Hot dip galvanized according to ASTM A 153, Class C. 
2. Two washers provided per anchor bolt. 
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2.6 GENERAL FINISH REQUIREMENTS 

A. Protect mechanical finishes on exposed surfaces from damage by applying a strippable, 
temporary protective covering before shipping. 

B. Appearance of Finished Work: Noticeable variations in same piece are unacceptable. Variations 
in appearance of adjoining components are acceptable if they are within the range of approved 
Samples and are assembled or installed to minimize contrast. 

PART 3 - EXECUTION 

3.1 POLE FOUNDATION 

A. Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base flange. 
Structural steel complying with ASTM A 36/A 36M and hot-dip galvanized according to 
ASTM A 123/A 123 M; and with top-plate and mounting bolts to match pole-base flange and 
strength required to support pole, luminaire, and accessories. Concrete, reinforcement, and 
formwork are specified in Section 033000 "Cast-in-Place Concrete." 

B. Pre-Cast Foundations: Factory fabricated, with structural steel complying with 
ASTM A 36/A 36M and hot-dip galvanized according to ASTM A 123/A 123M; and with top-plate 
and mounting bolts to match pole-base flange and strength required to support pole, luminaire, 
and accessories. Concrete, reinforcement, and formwork are specified in Section 033000 "Cast-
in-Place Concrete." 

C. Power-Installed Screw Foundations: Factory fabricated by pole manufacturer, with structural 
steel complying with ASTM A 36/A 36M and hot-dip galvanized according to 
ASTM A 123/A 123M; and with top-plate and mounting bolts to match pole-base flange and 
strength required to support pole, luminaire, and accessories. 

1. Baseplate: Stamped with manufacturer's name, date of production, and cable entry. 

D. Direct-Buried Foundations: Install to depth indicated on Drawings, but not less than one-sixth of 
pole height as indicated. Add backfill in 6-inch (150-mm) to 9-inch (230-mm) layers, tamping 
each layer before adding the next as shown on Drawings. To ensure a plumb installation, 
continuously check pole orientation with plumb bob while tamping. 

E. Direct-Buried Poles with Concrete Backfill: Set poles in augered holes to depth below finished 
grade indicated on Drawings, but not less than one-sixth of pole height as indicated. To ensure 
a plumb installation, continuously check pole orientation with plumb bob while tamping. 

1. Make holes 6 inches (150 mm) in diameter larger than pole diameter. 
2. Fill augered hole around pole with air-entrained concrete having a minimum compressive 

strength of 3000 psi (20 MPa) at 28 days and finish in a dome above finished grade. 
3. Use a short piece of 1/2-inch (13-mm) diameter pipe to make a drain hole through grout. 

Arrange to drain condensation from interior of pole. 
4. Cure concrete a minimum of 72 hours before performing work on pole. 

F. Anchor Bolts: Install plumb using manufacturer-supplied steel plywood template, uniformly 
spaced. 
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3.2 POLE INSTALLATION 

A. Concrete Pole Foundations: Set anchor bolts according to anchor-bolt templates furnished by 
pole manufacturer. Concrete materials, installation, and finishing requirements are specified in 
Section 033000 "Cast-in-Place Concrete." 

B. Foundation-Mounted Poles: Mount pole with leveling nuts and tighten top nuts to torque level 
according to pole manufacturer's written instructions. 

C. Poles and Pole Foundations Set in Concrete-Paved Areas: Install poles with a minimum 6-inch- 
(150-mm-) wide, unpaved gap between the pole or pole foundation and the edge of the adjacent 
concrete slab. Fill unpaved ring with pea gravel. Insert material to a level 1 inch (25 mm) below 
top of concrete slab. 

D. Raise and set pole using web fabric slings (not chain or cable) at locations indicated by 
manufacturer. 

3.3 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar 
metal, protect aluminum using insulating fittings or treatment. 

B. Steel Conduits: Comply with requirements in Section 260533 "Raceways and Boxes for 
Electrical Systems." In concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick, 
pipe-wrapping plastic tape applied with a 50-percent overlap. 

3.4 GROUNDING 

A. Ground Metal Poles and Support Structures: Comply with requirements in Section 260526 
"Grounding and Bonding for Electrical Systems." 

1. Install grounding electrode for each pole unless otherwise indicated. 
2. Install grounding conductor pigtail in the base for connecting luminaire to grounding 

system. 

B. Ground Nonmetallic Poles and Support Structures: Comply with requirements in 
Section 260526 "Grounding and Bonding for Electrical Systems." 

1. Install grounding electrode for each pole. 
2. Install grounding conductor and conductor protector. 
3. Ground metallic components of pole accessories and foundation. 

END OF SECTION 26 56 13 
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SECTION 26 56 19 - LED EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Exterior solid-state luminaires that are designed for and exclusively use LED lamp 
technology. 

2. Luminaire supports. 
3. Luminaire-mounted photoelectric relays. 

B. Related Requirements: 

1. Section 260923 "Lighting Control Devices" for automatic control of lighting, including time 
switches, photoelectric relays, occupancy sensors, and multipole lighting relays and 
contactors. 

2. Section 260926 "Lighting Control Panelboards" for panelboard-based lighting control. 
3. Section 265613 "Lighting Poles and Standards" for poles and standards used to support 

exterior lighting equipment. 
4. Section 01632 “Products and Substitutions” and Section 012500 “Substitution 

Procedures” for luminaire substitutions. 

1.2 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating 

E. Lumen: Measured output of lamp and luminaire, or both. 

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Substitutions: 
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1. Provide one luminaire for each substitution of product not listed in light fixture schedule.  
Sample luminaire shall be the specified color temperature, lumen output, plug and cord 
installed on luminaire (associated pole and or stanchion not required as a sample).  Paint 
chip samples for non-standard colors shall be provided to Architect in size and quantity 
as required by Architect.  Provision of sample does not imply approval of luminaire.  All 
samples must be delivered (assembled and in working order) for inspection. Refer to 
specification section 01632-1.06. 

2. Point by Point calculations shall be done by the design team.  Vendor or “others” provided 
photometrics will not be reviewed or approved.  Submit appropriate IES file for: 
a. Each distribution type 
b. Correct lumen output 
c. As individual luminaire.  Multiple heads on one pole shall be address by the design 

team. 

D. Delegated-Design Submittal: For luminaire supports. 

1. Include design calculations for luminaire supports and seismic restraints. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans, drawn to scale and coordinated. 

B. Seismic Qualification Certificates: For luminaires, accessories, and components, from 
manufacturer. 

C. Product Certificates: For each type of the following: 

1. Luminaire. 
2. Photoelectric relay. 

D. Sample warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes. 
2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes. 

1.6 FIELD CONDITIONS 

A. Mark locations of exterior luminaires for approval by Architect and Lighting Designer prior to the 
start of luminaire installation. 

B. Verify orientation and proper distribution with Lighting Designer prior to the start of luminaire 
installation. 

1.7 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five (5) years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined 
according to ASCE/SEI 7. 

B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock resistant. 

1. The term "withstand" means "the luminaire will remain in place without separation of any 
parts when subjected to the seismic forces specified and the luminaire will be fully 
operational during and after the seismic event." 

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. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

D. UL Compliance: Comply with UL 1598 and listed for wet location. 

E. Lamp base complying with IEC 60061-1. 

F. CRI of minimum 70. CCT of 4000 Kelvin unless otherwise indicated in light fixture schedule. 

G. L70 lamp life of 50,000 hours. 

H. Dimmable from 100 percent to 10 percent of maximum light output flicker free and no cut out. 

I. Nominal Operating Voltage: 120 V ac 240 V ac 277 V ac 12 V dc 24 V dc. 

J. In-line Fusing: Separate in-line fuse for each luminaire. 

K. 20kV rated surge suppression located integral to luminaire. 

L. Source Limitations: Obtain luminaires from single source from a single manufacturer. 

M. Source Limitations: For luminaires, obtain each color, grade, finish, type, and variety of 
luminaire from single source with resources to provide products of consistent quality in 
appearance and physical properties. 

2.3 LUMINAIRE TYPES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
    a.    Visionaire Lighting. 
    b.    McGraw-Edison. 
    c.    LSI. 
    d. RAB. 
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B. Area and Site: 
1. Luminaire Shape: Per luminaire specifications. Refer to drawings. 
2. Mounting: Pole or Building. 
3. Luminaire-Mounting Height: Per drawing specifications.  Secondary review shall be 

conducted with Architect and documented prior to rough-in for all wall mounted 
luminaires. 

4. Distribution: As specified in luminaire schedule. 

2.4 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Corrosion-resistant aluminum 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. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 

1. White Surfaces: 85 percent. 
2. Specular Surfaces: 83 percent. 
3. Diffusing Specular Surfaces: 75 percent. 

F. Housings: 

1. Rigidly formed, weather and light-tight enclosure that will not warp, sag, or deform in use. 

2. U.L. listed for wet locations. 

2.5 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in 
appearance of adjoining components are acceptable if they are within the range of approved 
Samples and are assembled or installed to minimize contrast. 

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested 
luminaire before shipping. Where indicated, match finish process and color of pole or support 
materials. 

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes 
Manual for Architectural and Metal Products" for recommendations for applying and designating 
finishes. 

1. Finish designations prefixed by AA comply with the system established by the Aluminum 
Association for designating aluminum finishes. 

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff 
complying with AA-M20 requirements; and seal aluminum surfaces with clear, hard-coat 
wax. 
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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: Per Architect. 

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 by Architect from manufacturer's full range. 

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. 

PART 3 - EXECUTION 

3.1 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Use fastening methods and materials selected to resist seismic forces defined for the 
application and approved by manufacturer. 

C. Install lamps in each luminaire. 

D. Fasten luminaire to structural support. 

E. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Support luminaires without causing deflection of finished surface. 
4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 

percent of luminaire weight and a vertical force of 400 percent of luminaire weight. 

F. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls.  Attached to a minimum 1/8 inch (3 mm) backing 
plate attached to wall structural members Attached using through bolts and backing 
plates on either side of wall.  Refer to manufacturer installations recommendations and 
coordinate with Architect and Structural Engineer prior to rough-in. 
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G. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

H. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. Install 
luminaires at height and aiming angle as indicated on Drawings. 

I. Coordinate layout and installation of luminaires with other construction. 

J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric 
device to prevent false operation of relay by artificial light sources, favoring a north orientation. 

K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" and 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and 
wiring methods. 

3.2 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Aim as indicated on Drawings. 

B. Install on concrete base with top 4 inches (100 mm) above finished grade or surface at 
luminaire location. Cast conduit into base, and finish by troweling and rubbing smooth. Concrete 
materials, installation, and finishing are specified in Section 033000 "Cast-in-Place Concrete." 

3.3 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar 
metal, protect aluminum by insulating fittings or treatment. 

B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In 
concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick, pipe-wrapping plastic 
tape applied with a 50 percent overlap. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

B. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Verify operation of all controls. 

C. Illumination Tests: 

1. Measure light intensities at night.  Meter shall be placed on grade with no temporary or 
movable obstructions present. Use photometers with calibration referenced to NIST 
standards. Comply with the following IES testing guide(s): 

a. IES LM-5. 
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b. IES LM-50. 
c. IES LM-52. 
d. IES LM-64. 
e. IES LM-72. 

2. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

D. Luminaire will be considered defective if it does not pass tests and inspections. 

E. Prepare a written report of tests, inspections, observations, measured lighting levels including 
weather conditions, day/month/year and at what time measurements taken and verifications 
indicating and interpreting results. If adjustments are made to lighting system, retest to 
demonstrate compliance with standards. 

3.6 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaires and 
associated controls.  Field training shall be a minimum of (2) Two Hours for controls training.  
Provide temporary sample of luminaire to demonstrate and train Owner’s maintenance personal 
on luminaire at table top height (accessing components, replacement of led boards and drivers, 
surge suppressor replacement/maintenance). 

B. Training personally shall be qualified and approved by the supplying luminaire manufacturer.  
Provide written documentation on training personal certification(s). 

END OF SECTION 26 56 19 
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SECTION 27 05 26 - 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 DEFINITIONS 

A. BCT: Bonding conductor for telecommunications. 

B. EMT: Electrical metallic tubing. 

C. TGB: Telecommunications grounding busbar. 

D. TMGB: Telecommunications main grounding busbar. 

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. Qualification Data: For Installer, installation supervisor, and field inspector. 

C. Qualification Data: For testing agency and testing agency's field supervisor. 

D. 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. 
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1. Installation Supervision: Installation shall be under the direct supervision of ITS 
Technician 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 an ITS Installer 2 to perform the on-site 
inspection. 

PART 2 - PRODUCTS 

2.1 SYSTEM COMPONENTS 

A. Comply with J-STD-607-A. 

2.2 CONDUCTORS 

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

1. Panduit Corp. 
2. TE Connetivity Ltd. 
3. Harger Lightning & Grounding. 

B. Comply with UL 486A-486B. 

C. 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 No. 6 AWG. 

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

1. Panduit Corp. 
2. TE Connetivity Ltd. 
3. Harger Lightning & Grounding. 
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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 exothermic-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 
1. Panduit Corp. 
2. Harger Lightning & Grounding. 
3. Chatsworth Products, Inc. 

B. 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 J-STD-607-A. 

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. 

C. 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 J-STD-607-A. 

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. 

D. 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 J-STD-607-A. 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 23-inch (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 36 inches ( 914 mm) long, with stainless-steel or copper-
plated hardware for attachment to the rack. 
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2.5 GROUND RODS 
1. Panduit Corp. 
2. HellermannTyton 
3. Brother International Corp. 

B. Ground Rods: Copper-clad - steel 3/4 inch by 10 feet (19 mm by 3 m) 5/8 by 96 inches (16 by 
2400 mm) in diameter. 

2.6 LABELING 
1. Panduit Corp. 
2. HellermannTyton 
3. Brother International Corp. 

B. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, including label 
stocks, laminating adhesives, and inks used by label printers. 

C. Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall 
be 3/8 inch (10 mm). Overlay shall provide a weatherproof and UV-resistant seal for label. 

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 J-STD-607-A. 

3.3 APPLICATION 

A. Conductors: Install solid conductor for No. 8 AWG and smaller and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated. 
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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. 4 AWG. 

B. 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. 

C. Conductor Support: 

1. Secure grounding and bonding conductors at intervals of not less than 36 inches (900 
mm). 

D. 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. 4/0 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. 
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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 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 168 kcmils (85 sq. mm) unless otherwise 
indicated. 

F. Telecommunications Enclosures and Equipment Racks: Bond metallic components of 
enclosures to the telecommunications bonding and grounding system. Install top-mounted 
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. Shielded Cable: Bond the shield of shielded cable to the TGB in communications rooms and 
spaces. Comply with TIA/EIA-568-B.1 and TIA/EIA-568-B.2 when grounding screened, 
balanced, twisted-pair cables. 

J. 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. 
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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. 
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 27 05 26 
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SECTION 27 05 28 - PATHWAYS FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Nonmetallic conduits and fittings. 
3. Optical-fiber-cable pathways and fittings. 
4. Metal wireways and auxiliary gutters. 
5. Nonmetallic wireways and auxiliary gutters. 
6. Metallic surface pathways. 
7. Nonmetallic surface pathways. 
8. Hooks. 
9. Boxes, enclosures, and cabinets. 
10. Polymer-concrete handholes and boxes for exterior underground cabling. 

1.2 ACTION SUBMITTALS 

A. Product data for each type of product. 

B. Shop Drawings: For enclosures and cabinets. Include plans, elevations, sections, and 
attachment details. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Pathway routing plans, drawn to scale and coordinated with each other, 
using input from installers of items involved. 

B. Qualification Data: For professional engineer. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Description: Metal raceway of circular cross section with manufacturer-fabricated fittings. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. AFC Cable Systems; a part of Atkore International. 
2. Allied Tube & Conduit; a part of Atkore International. 
3. Alpha Wire. 
4. Anamet Electrical, Inc. 
5. Electri-Flex Company. 
6. O-Z/Gedney; a brand of Emerson Industrial Automation. 
7. Picoma Industries, Inc. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

PATHWAYS FOR COMMUNICATIONS SYSTEMS 27 05 28 - 2 of 8  

8. Plasti-Bond. 
9. Republic Conduit. 
10. Southwire Company. 
11. Thomas & Betts Corporation; A Member of the ABB Group. 
12. Western Tube and Conduit Corporation. 

C. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, 
and marked for intended location and application. 

2. Comply with TIA-569-C. 

D. GRC: Comply with ANSI C80.1 and UL 6. 

E. PVC-Coated Steel Conduit: PVC-coated GRC. 

1. Comply with NEMA RN 1. 
2. Coating Thickness: 0.040 inch (1 mm), minimum. 

F. EMT: Comply with ANSI C80.3 and UL 797. 

G. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and 
NFPA 70. 

2. Fittings for EMT: 

a. Material: Steel. 
b. Type: Compression. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL-467, rated for 
environmental conditions where installed, and including flexible external bonding jumper. 

4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch (1 mm), 
with overlapping sleeves protecting threaded joints. 

H. 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 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS 

A. Description: Comply with UL 2024; flexible-type pathway with a circular cross section, approved 
for plenum installation unless otherwise indicated. 

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

1. Alpha Wire. 
2. Carlon; a brand of Thomas & Betts Corporation. 
3. Dura-Line. 
4. Endot Industries Inc. 
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2.3 SURFACE METAL PATHWAYS 

A. Description: Galvanized steel with snap-on covers, complying with UL 5. 

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

1. Wiremold/Legrand 
2. MonoSystems, Inc. 
3. Niedax Inc. 
4. Panduit Corp. 

C. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for intended location and 
application. 

D. Comply with TIA-569-C. 

2.4 HOOKS 

A. Description: Prefabricated sheet metal cable supports for telecommunications cable. 

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

1. MonoSystems, Inc. 
2. Panduit Corp. 

C. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for intended location and 
application. 

D. Comply with TIA-569-C. 

E. Galvanized steel. 

F. J shape. 

PART 3 - EXECUTION 

3.1 PATHWAY APPLICATION 

A. Minimum Pathway Size: 3/4-inch (21-mm) trade size for copper and aluminum cables, and 1 
inch (25 mm) for optical-fiber cables. 

B. Pathway Fittings: Compatible with pathways and suitable for use and location. 

C. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 

D. Install surface pathways only where indicated on Drawings. 
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3.2 INSTALLATION 

A. Comply with the following standards for installation requirements except where requirements on 
Drawings or in this Section are stricter: 

1. NECA 1. 
2. NECA/BICSI 568. 
3. TIA-569-C. 
4. NECA 101 
5. NECA 102. 
6. NECA 105. 
7. NECA 111. 

B. Comply with NFPA 70 limitations for types of pathways allowed in specific occupancies and 
number of floors. 

C. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
hangers and supports. 

E. Comply with requirements in Section 270544 "Sleeves and Sleeve Seals for Communications 
Pathways and Cabling" for sleeves and sleeve seals for communications. 

F. Keep pathways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal pathway runs above water and steam piping. 

G. Complete pathway installation before starting conductor installation. 

H. Install no more than the equivalent of two 90-degree bends in any pathway run. Support within 
12 inches (300 mm) of changes in direction. Utilize long radius ells for all optical-fiber cables. 

I. Conceal rigid conduit within finished walls, ceilings, and floors unless otherwise indicated. Install 
conduits parallel or perpendicular to building lines. 

J. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

K. Pathways Embedded in Slabs: 

1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main 
reinforcement. Where at right angles to reinforcement, place conduit close to slab 
support. Secure pathways to reinforcement at maximum 10-foot (3-m) intervals. 

2. Arrange pathways to cross building expansion joints at right angles with expansion 
fittings. Comply with requirements for expansion joints specified in this article. 

3. Arrange pathways to keep a minimum of 2 inches (50 mm) 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 nonmetallic conduit and fittings to GRC and fittings before rising above 
floor. 

L. Stub-ups to Above Recessed Ceilings: 

1. Use EMT for pathways. 
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2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 
in an enclosure. 

M. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of pathway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

N. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive 
compound prior to assembly. 

O. 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. 

P. Cut conduit perpendicular to the length. For conduits of 2-inch (50-mm) trade size and larger, 
use roll cutter or a guide to ensure cut is straight and perpendicular to the length. 

Q. Install pull wires in empty pathways. Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each 
end of pull wire. Secure pull wire, so it cannot fall into conduit. Cap pathways designated as 
spare alongside pathways in use. 

R. Surface Pathways: 

1. Install surface pathway for surface telecommunications outlet boxes only where indicated 
on Drawings. 

2. Install surface pathway with a minimum 2-inch (50-mm) radius control at bend points. 
3. Secure surface pathway with screws or other anchor-type devices at intervals not 

exceeding 48 inches (1200 mm) and with no less than two supports per straight pathway 
section. Support surface pathway according to manufacturer's written instructions. Tape 
and glue are not acceptable support methods. 

S. Pathways for Optical-Fiber and Communications Cable: Install pathways, metal and 
nonmetallic, rigid and flexible, as follows: 

1. 3/4-Inch (21-mm) Trade Size and Smaller: Install pathways in maximum lengths of 50 
feet (15 m). 

2. 1-Inch (25-mm) Trade Size and Larger: Install pathways in maximum lengths of 75 feet 
(23 m). 

3. Install with a maximum of two 90-degree bends or equivalent for each length of pathway 
unless Drawings show stricter requirements. Separate lengths with pull or junction boxes 
or terminations at distribution frames or cabinets where necessary to comply with these 
requirements. 

T. Install pathway-sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed pathways, 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 pathway-
sealing fittings according to NFPA 70. 

U. Install devices to seal pathway 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 
pathways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service pathway enters a building or structure. 
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3. Where otherwise required by NFPA 70. 

V. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings. 

W. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F (17 deg C), and that has straight-run length that exceeds 
25 feet (7.6 m). Install in each run of aboveground RMC and EMT that is located where 
environmental temperature change may exceed 100 deg F (55 deg C), and that has 
straight-run length that exceeds 100 feet (30 m). 

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 (70 deg C) 
temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 
(70 deg C) temperature change. 

d. Attics: 135 deg F (75 deg C)  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 (0.06 mm per meter of length of straight run per deg C) 
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 (0.0115 
mm per meter of length of straight run per deg C) 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. 

X. Hooks: 

1. Size to allow a minimum of 25 percent future capacity without exceeding design capacity 
limits. 

2. Shall be supported by dedicated support wires. Do not use ceiling grid support wire or 
support rods. 

3. Hook spacing shall allow no more than 6 inches (150 mm) of slack. The lowest point of 
the cables shall be no less than 6 inches (150 mm) adjacent to ceilings, mechanical 
ductwork and fittings, luminaires, power conduits, power and telecommunications outlets, 
and other electrical and communications equipment. 

4. Space hooks no more than 5 feet (1.5 m) o.c. 
5. Provide a hook at each change in direction. 

Y. Mount boxes at heights indicated on Drawings. Install boxes with height measured to top of box 
unless otherwise indicated. 

Z. 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 surface to provide a flat surface for a 
raintight connection between box and cover plate or supported equipment and box. 
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AA. Horizontally separate boxes mounted on opposite sides of walls, so they are not in the same 
vertical channel. 

BB. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

CC. Set metal floor boxes level and flush with finished floor surface. 

DD. 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. Install backfill. 
2. After installing conduit, backfill and compact. 
3. Install manufactured duct elbows for stub-ups at poles and equipment and at building 

entrances through floor unless otherwise indicated. 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 (75 mm) of concrete around conduit for a minimum 
of 12 inches (300 mm) 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 (1500 mm) from edge of foundation or equipment base. 
Install insulated grounding bushings on terminations at equipment. 

4. 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 (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, set so cover surface will be flush with finished grade. Set covers of 
other enclosures 1 inch (25 mm) above finished grade. 

D. 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. 
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3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR COMMUNICATIONS PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 270544 "Sleeves and Sleeve Seals for Communications Pathways 
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 or 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. 

END OF SECTION 27 05 28 
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SECTION 27 05 44- SLEEVES AND SLEEVE SEALS FOR COMMUNICATIONS PATHWAYS 
AND CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Sleeves for pathway 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. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without 
penetrating items. 

1.2 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. 

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel 
sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal 
joint, with tabs for screw-fastening the sleeve to the board. 

C. Sleeves for Rectangular Openings: 

1. Material: Galvanized-steel sheet. 
2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and 
with no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 
mm). 
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b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and 
one or more sides larger than 16 inches (400 mm), thickness shall be 0.138 inch 
(3.5 mm). 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and pathway or cable. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following provide products by one of the following available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following: 

a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 
d. 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. HOLDRITE. 

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 (34.5-MPa), 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. 
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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 pathway 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 (6.4-mm) annular clear space between sleeve and 

pathway or cable unless sleeve seal is to be installed or unless seismic criteria require 
different clearance. 

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. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 3 inches (76.2 
mm) above finished floor level. Install sleeves during erection of floors. 

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 pathways 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 (25-mm) 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 (25-mm) annular clear space between pathway or cable and sleeve for 
installing sleeve-seal system. 
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3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

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

B. Install type and number of sealing elements recommended by manufacturer for pathway or 
cable material and size. Position pathway or cable in center of sleeve. Assemble mechanical 
sleeve seals and install in annular space between pathway or cable and sleeve. Tighten bolts 
against pressure plates that cause sealing elements to expand and make watertight seal. 

3.3 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 27 05 44 
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SECTION 27 11 16 - COMMUNICATIONS RACKS, FRAMES, AND ENCLOSURES 

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. 19-inch equipment racks. 
2. Power strips. 
3. Grounding. 
4. Labeling. 

1.3 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. BICSI: Building Industry Consulting Service International. 

C. LAN: Local area network. 

D. RCDD: Registered communications distribution designer. 

E. Service Provider: The operator of a telecommunications transmission service delivered through 
access provider facilities. 

F. TGB: Telecommunications grounding bus bar. 

G. TMGB: Telecommunications main grounding bus bar. 

1.4 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 equipment racks and cabinets. 

2. Include rated capacities, operating characteristics, electrical characteristics, certifications, 
standards compliance, and furnished specialties and accessories. 

B. Shop Drawings: For communications racks, frames, and enclosures. Include plans, elevations, 
sections, details, and attachments to other work. 
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1. Detail equipment assemblies and indicate dimensions, elevations, 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. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field 
inspector. 

B. Seismic Qualification Data: Certificates, from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions. Base certification on the maximum 
number of components capable of being mounted in each rack type. Identify components 
on which certification is based. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

1.6 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 Technician, who 
shall be present at all times when Work of this Section is performed at Project site. 

3. Field Inspector: Currently registered by BICSI as RCDD to perform on-site inspection. 

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). 
Comply with requirements for plywood backing panels specified in Section 061000 "Rough 
Carpentry." 

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. Basis-of-Design Product: Subject to compliance with requirements, provide CommScope, Inc.; 
RK3-45A or a comparable product by one of the following: 
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1. Hubbell Premise Wiring. 
2. Chatsworth 

C. General Requirements: 

1. Frames: Modular units designed for telecommunications terminal support and 
coordinated with dimensions of units to be supported. 

2. Material: Aluminum. 
3. Finish: Manufacturer's standard, baked-polyester powder coat. 
4. Color: Black. 

D. Floor-Mounted Racks: 

1. Overall Height: 84-inches (2133.6-mm). 
2. Overall Width: 20.4-inches (518.16-mm 
3. Overall Depth: 15-inches (381-mm). 
4. Upright Depth: 3-inches (76.2-mm) 
5. Two-Post Load Rating: 1,000-lb (453.6-kg). 
6. Number of Rack Units per Rack: 45 

a. Numbering: Every rack units, on interior of rack. 

7. Threads: 12-24. 
8. Vertical and horizontal cable management channels, top and bottom cable troughs, 

grounding lug, and a power strip. 
9. Base shall have a minimum of four mounting holes for permanent attachment to floor. 
10. Top shall have provisions for attaching to cable tray or ceiling. 
11. Self-leveling. 

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 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. 
3. Six 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles. 
4. LED indicator lights for power and protection status. 
5. LED indicator lights for reverse polarity and open outlet ground. 
6. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens and cannot be 

reset. 
7. Circuit Breaker and Thermal Fusing: Unit continues to supply power if protection is lost. 
8. Cord connected with 15-foot (4.5-m) line cord. 
9. Rocker-type on-off switch, illuminated when in on position. 
10. Peak Single-Impulse Surge Current Rating: 13 kA per phase. 
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11. Protection modes shall be line to neutral, line to ground, and neutral to ground. UL 1449 
clamping voltage for all three modes shall be not more than 330 V. 

2.4 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. Connectors: Mechanical type, cast silicon bronze, solderless exothermic-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar. 

2. Ground Bus Bar: Copper, minimum ¼ inch thick by 4 inches wide (6 mm thick by 100 mm 
wide). 

3. Stand-Off Insulators: Comply with UL 891, Lexan or PVC, impulse tested at 5,000 V. 

2.5 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 ENTRANCE FACILITIES 

A. Contact telecommunications service provided and arrange for installation of demarcation point, 
protected entrance terminals and a housing when so directed by service provider. 

3.2 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. 
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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. 

3.3 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. 

3.4 IDENTIFICATION 

A. Coordinate system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements in Section 26 "Identification for Electrical Systems." 

B. Comply with requirements in Section 09 "Interior Painting" for painting backboards. For fire-
resistant plywood, do not paint over manufacturer's label. 

C. Labels shall be machine printed. Type shall be 1/8 inch (3 mm) in height. 

END OF SECTION 27 11 16 
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SECTION 27 13 23 - COMMUNICATIONS OPTICAL FIBER BACKBONE CABLING 

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. 850 nanometer laser-optimized 50/125 micrometer multimode optical fiber cable (OM4). 
2. Optical fiber cable connecting hardware, patch panels, and cross-connects. 
3. Cabling identification products. 

1.3 DEFINITIONS 

A. BICSI: Building Industry Consulting Service International. 

B. Cross-Connect: A facility enabling the termination of cable elements and their interconnection or 
cross-connection. 

C. RCDD: Registered Communications Distribution Designer. 

1.4 OPTICAL FIBER BACKBONE CABLING DESCRIPTION 

A. Optical fiber backbone cabling system shall provide interconnections between communications 
equipment rooms, main terminal space, and entrance facilities in the telecommunications 
cabling system structure. Cabling system consists of backbone cables, intermediate and main 
cross-connects, mechanical terminations, and patch cords or jumpers used for backbone-to-
backbone cross-connection. 

B. Backbone cabling cross-connects may be located in communications equipment rooms or at 
entrance facilities. Bridged taps and splitters shall not be used as part of backbone cabling. 

1.5 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. 
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4. Wiring diagrams to show typical wiring schematics including the following: 

a. Telecommunications rooms plans and elevations. 
b. Telecommunications pathways. 
c. Telecommunications system access points. 
d. Telecommunications grounding system. 
e. Cross-connects. 
f. Patch panels. 
g. Patch cords. 

5. Cross-connects and patch panels. Detail mounting assemblies, and show elevations and 
physical relationship between the installed components. 

C. Optical fiber cable testing plan. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For RCDD, Installer, installation supervisor, and field inspector. 

B. Source quality-control reports. 

C. Product Certificates: For each type of product. 

D. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For optical fiber cable, splices, and connectors to include in maintenance 
manuals. 

1.8 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 Technician 
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 a Technician. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine the continuity of the strand end to end.  
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2. Test optical fiber cable while on reels. Use an optical time domain reflectometer to verify 
the cable length and locate cable defects, splices, and connector, including the loss value 
of each. Retain test data and include the record in maintenance data. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations: Do not deliver or install cables and connecting materials until wet 
work in spaces is complete and dry, and temporary HVAC system is operating and maintaining 
ambient temperature and humidity conditions at occupancy levels during the remainder of the 
construction period. 

1.11 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Backbone 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. 

2.2 850 NANOMETER LASER-OPTIMIZED, 50/125 MICROMETER, MULTIMODE OPTICAL 
FIBER CABLE (OM4) 

A. Description: Multimode, 50/125-micrometer, 48-fiber, nonconductive, tight buffer, optical fiber 
cable. 

B. Basis-of-Design Product: Subject to compliance with requirements, provide CommScope, Inc.; 
P-048-SD-5K-FMUAQ or a comparable product by one of the following: 

1. Corning Cable Systems. 
2. Hubbell Premise Wiring. 
3. Berk-Tek Leviton Technologies. 

C. Standards: 

1. Comply with ICEA S-83-596 for mechanical properties. 
2. Comply with TIA-568-C.3 for performance specifications. 
3. Comply with TIA-492AAAD for detailed specifications. 

D. Maximum Attenuation: 3.0 dB/km at 850 nm; 1.0 dB/km at 1300 nm. 

E. Minimum Overfilled Modal Bandwidth-length Product: 3500 MHz-km at 850 nm; 500 MHz-km at 
1300 nm. 
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F. Minimum Effective Modal Bandwidth-length Product: 4700 MHz-km at 850 nm. 

G. Jacket: 

1. Jacket Color: Aqua. 
2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-D. 
3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inches (1000 mm). 

H. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with 
UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262. 

2.3 OPTICAL FIBER CABLE HARDWARE 

A. Basis-of-Design Product: Subject to compliance with requirements, provide CommScope, Inc. 
or comparable product by one of the following: 

1. Corning Cable Systems. 
2. Hubbell Premise Wiring. 
3. Berk-Tek Leviton Technologies. 

B. Standards: 

1. Comply with Fiber Optic Connector Intermateability Standard (FOCIS) specifications of 
the TIA-604 series. 

2. Comply with TIA-568-C.3. 

C. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable 
connectors. 

1. Number of Connectors per Field: One for each fiber of cable or cables assigned to field, 
plus spares and blank positions adequate to suit specified expansion criteria. 

D. Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths. 

E. Connector Type: Type LC complying with TIA-604-10-B connectors. 

2.4 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. 

2.5 IDENTIFICATION PRODUCTS 

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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2.6 SOURCE QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to evaluate cables. 

B. Factory test multimode optical fiber cables according to TIA-526-14-B and TIA-568-C.3. 

C. Factory test pre-terminated optical fiber cable assemblies according to TIA-526-14-B and TIA-
568-C.3. 

D. Cable will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 ENTRANCE FACILITIES 

A. Coordinate backbone cabling with the protectors and demarcation point provided by 
communications service provider. 

3.2 WIRING METHODS 

A. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, 
desks, and counters and except in accessible ceiling spaces, in attics, and in gypsum board 
partitions where unenclosed wiring method may be used. Conceal raceway and cables except 
in unfinished spaces. 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Comply with requirements for pathways specified in Section 270528 "Pathways for 

Communications Systems." 

B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where 
possible. 

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. 

3.3 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES 

A. Comply with NECA 1, NECA 301, and NECA/BICSI 568. 

B. General Requirements for Optical Fiber Cabling Installation: 

1. Comply with TIA-568-C.1 and TIA-568-C.3. 
2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices." 
3. Terminate all cables; no cable shall contain unterminated elements. Make terminations 

only at indicated outlets, terminals, cross-connects, and patch panels. 
4. 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. 
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5. Install lacing bars to restrain cables, to prevent straining connections, and to prevent 
bending cables to smaller radii than minimums recommended by manufacturer. 

6. Bundle, lace, and train cable to terminal points without exceeding manufacturer's 
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, "Cabling 
Termination Practices" Chapter. Use lacing bars and distribution spools. 

7. 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. 

8. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps 
shall not be used for heating. 

9. In the communications equipment room, provide a 10-foot- (3-m-) long service loop on 
each end of cable. 

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor cable pull 
tensions. 

11. Cable may be terminated on connecting hardware that is rack or cabinet mounted. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces 
with terminating hardware and interconnection equipment. 

2. Cable shall not be run through structural members or in contact with pipes, ducts, or 
other potentially damaging items. 

D. Group connecting hardware for cables into separate logical fields. 

3.4 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI ITSIMM, "Firestopping" Chapter. 

3.5 GROUNDING 

A. Install grounding according to BICSI ITSIMM, "Grounding (Earthing), Bonding, and Electrical 
Protection" Chapter. 

B. Comply with TIA-607-B and NECA/BICSI-607. 

C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing 
at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding bus bar 
with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to suitable 
electrical building ground. 

D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG 
equipment grounding conductor. 
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3.6 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements for identification specified in Section 260553 "Identification for Communications 
Systems." 

B. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List 
incoming and outgoing cables and their designations, origins, and destinations. Protect with 
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive schedules 
for Project. 

C. Cabling Administration Drawings: Show building floor plans with cabling administration-point 
labeling. Identify labeling convention and show labels for telecommunications closets, backbone 
pathways and cables, entrance pathways and cables, terminal hardware and positions, 
horizontal cables, work areas and workstation terminal positions, grounding buses and 
pathways, and equipment grounding conductors. 

D. Cable and Wire Identification: 

1. Label each cable within 4 inches (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 
device if color of wire is consistent with associated wire connected and numbered within 
panel or cabinet. 

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at 
intervals not exceeding 15 feet (4.5 m). 

4. 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. 

E. Labels shall be preprinted or computer-printed type with printing area and font color that 
contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the 
following: 

1. Flexible vinyl or polyester that flexes as cables are bent. 

3.7 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Visually inspect optical fiber 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. Optical Fiber Cable Tests: 
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a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.1. 
Use only test cords and adapters that are qualified by test equipment manufacturer 
for channel or link test configuration. 

b. Link End-to-End Attenuation Tests: 

1) Horizontal and multimode backbone link measurements: Test at 850 or 
1300 nm in one direction according to TIA-526-14-B, Method B, One 
Reference Jumper. 

2) Attenuation test results for backbone links shall be less than 2.0 dB. 
Attenuation test results shall be less than those calculated according to 
equation in TIA-568-C.1. 

C. Data for each measurement shall be documented. Data for submittals shall be printed in a 
summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the 
instrument to the computer, saved as text files, and printed and submitted. 

D. Remove and replace cabling where test results indicate that it does 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 27 13 23 
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SECTION 27 15 13 - COMMUNICATIONS COPPER HORIZONTAL CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
 

1. Category 6 twisted pair cable. 
2. Twisted pair cable hardware, including plugs and jacks. 
3. Cable management system. 
4. Cabling identification products. 
5. Grounding provisions for twisted pair cable. 
6. Source quality control requirements for twisted pair cable. 

1.3 DEFINITIONS 

A. Cross-Connect: A facility enabling the termination of cable elements and their interconnection or 
cross-connection. 

B. EMI: Electromagnetic interference. 

C. IDC: Insulation displacement connector. 

D. LAN: Local area network. 

E. Jack: Also commonly called an "outlet," it is the fixed, female connector. 

F. Plug: Also commonly called a "connector," it is the removable, male telecommunications 
connector. 

G. RCDD: Registered Communications Distribution Designer. 

H. SCS: Structured Cable System. 

I. UTP: Unscreened (unshielded) twisted pair. 

1.4 COPPER HORIZONTAL CABLING DESCRIPTION 

A. Horizontal cable 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. 
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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. 

1.5 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, including the following: 

a. Telecommunications rooms plans and elevations. 
b. Telecommunications pathways. 
c. Telecommunications system access points. 
d. Telecommunications grounding system. 
e. Telecommunications conductor drop locations. 
f. Typical telecommunications details. 
g. Mechanical, electrical, and plumbing systems. 

C. Twisted pair cable testing plan. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For RCDD, Installer, installation supervisor, and field inspector. 

B. Product Certificates: For each type of product. 

C. Source quality-control reports. 

D. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For splices and connectors to include in maintenance manuals. 
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1.8 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 Technician 
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. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test each pair of twisted pair cable for open and short circuits. 

1.10 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers. 

1.11 WARRANTY 

A. Installer’s Warranty: Provide manufacturer’s system warranty against electrical or mechanical 
defects for (2) two years from date of final acceptance. 

B. A twenty-five (25) year Extended Product and System Assurance Warranty shall be provided for 
this system by the Manufacturer and must adhere to the following: 

 
1. SCS Systems will be covered by a two-part certification program provided by a single 

manufacturer and that manufacturer's certified vendor.  Manufacturer shall administer a 
follow on program through the Vendor to provide support and service to the purchaser.  
The first part is an assurance program, which provides that the certified system will 
support the applications for which it is designed, during the 25-year warranty of the 
certified system.   

2. The second portion of the certification is a 25-year warranty provided by the manufacturer 
and the vendor on all products within the system (cords, telecommunications 
outlet/connectors, cables, cross-connects, patch panels, etc.). 

3. In the event that the certified system ceases to support the certified application(s), 
whether at the time of cutover, during normal use or when upgrading, the manufacturer 
and vendor shall commit to promptly implement corrective action. 

4. Documentation proving the cabling system's compliance to the End-to-End Link 
Performance recommendations, as listed in ANSITIA/EIA-568-B shall be provided by the 
Vendor prior to the structured cabling system being installed. 

5. The cabling system must conform to the current issue of industry standard ANSI/TIA/EIA-
568.  All performance requirements of this document must be followed.  As well, 
workmanship and installation methods used shall be equal to or better than that found in 
the BICSI (Building Industry Consulting Service International) ITSIM manual. 
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6. Purchaser demands strict adherence to the performance specifications listed in 
ANSI/TIA/EIA-568-B series standards.   

7. Manufacturer shall maintain ISO Quality Control registration for the facilities that 
manufacturer the product used in this cabling system. 

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. RoHS compliant. 

B. Shielding/Screening: Unshielded twisted pairs (UTP). 

C. Cable Rating: Plenum. 

D. Jacket: Thermoplastic; refer to Contract Documents for Color Coding. 

2.3 MANUFACTURERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide CommScope, Inc.; 
or a comparable product by one of the following: 

 
1. Hubbell Premise Wiring. 
2. Berk-Tek Leviton Technologies. 

2.4 CATEGORY 6 TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission 
characteristics of Category 6 cable at frequencies up to 250MHz. 

 
1. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6 

cables. 
2. Conductors: 100-ohm, 23 AWG solid copper 

 
a. Category 6: 6504+. 

2.5 TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate twisted pair copper 
communications cable. 
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B. General Requirements for Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 6. 
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 6. 
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. 48 ports. 
 

2. Category 6: UNP-U-610-2U-48. 

G. Patch Cords: Factory-made, four-pair cables in 36-inch (900-mm) lengths; 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. 

2. Patch cords shall have color-coded boots for circuit identification. 

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. 
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J. Faceplate: 

1. Refer to Contract Documents for port configuration and quantity.  
2. Vertical single/double gang faceplates designed to mount to single gang wall boxes, refer 

to Contract Documents for configuration. 
3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring 

Devices." 
4. Metal Faceplate: Stainless steel, complying with requirements in Section 262726 "Wiring 

Devices." 
5. For use with snap-in jacks accommodating any combination of twisted pair, optical fiber, 

and coaxial work area cords. 

K. Legend: 

1. Machine printed, in the field, using adhesive-tape label. 
2. Snap-in, clear-label covers and machine-printed paper inserts. 

2.6 IDENTIFICATION PRODUCTS 

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. 

2.7 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. 

2.8 SOURCE QUALITY CONTROL 

A. Installing Contractor shall evaluate and test all installed cables. 

B. Factory test cables on reels according to TIA-568-C.1. 

C. Factory test twisted pair cables according to TIA-568-C.2. 

D. Cable will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 WIRING METHODS 

A. Wiring Method: Install cables in raceways and cable trays, except within consoles, cabinets, 
desks, and counters and except in accessible ceiling spaces, attics, and gypsum board 
partitions where unenclosed wiring method may be used. Conceal raceway and cables, except 
in unfinished spaces. 
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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." 

B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where 
possible. 

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. 

3.2 INSTALLATION OF TWISTED-PAIR HORIZONTAL CABLES 

A. Comply with NECA 1 and NECA/BICSI 568. 

B. General Requirements for Cabling: 

1. Comply with TIA-568-C.0, TIA-568-C.1, and TIA-568-C.2. 
2. Comply with BICSI's "Information Transport Systems Installation Methods Manual 

(ITSIMM), 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 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. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces 
with terminating hardware and interconnection equipment. 

2. Suspend twisted pair cabling, not in a wireway or pathway, a minimum of 8 inches (200 
mm) above ceilings by cable supports not more than 60 inches (1524 mm) apart. 
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3. Cable shall not be run through structural members or in contact with pipes, ducts, or 
other potentially damaging items. 

D. Group connecting hardware for cables into separate logical fields. 

E. 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. 

2. Separation between open communications cables or cables in nonmetallic raceways and 
unshielded power conductors and electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches (127 mm). 
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches (300 

mm). 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches (600 mm). 

3. Separation between communications cables in grounded metallic raceways and 
unshielded power lines or electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches (64 
mm). 

b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 6 inches (150 
mm). 

c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches (300 mm). 

4. Separation between communications cables in grounded metallic raceways, power lines, 
and electrical equipment located in grounded metallic conduits or enclosures shall be as 
follows: 

a. Electrical Equipment Rating Less Than 2 kVA: No requirement. 
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches (76 

mm). 
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches (150 mm). 

5. Separation between Communications Cables and Electrical Motors and Transformers, 5 
kVA or HP and Larger: A minimum of 48 inches (1200 mm). 

6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 
inches (127 mm). 

3.3 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." 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

COMMUNICATIONS COPPER HORIZONTAL CABLING 271513 - 9 of 10 

3.4 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. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

 
1. Color-code cross-connect fields and apply colors to voice and data service backboards, 

connections, covers, and labels. 

B. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List 
incoming and outgoing cables and their designations, origins, and destinations. Protect with 
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive schedules 
for Project. 

C. Cabling Administration Drawings: Show building floor plans with cabling administration-point 
labeling. Identify labeling convention and show labels for telecommunications closets, terminal 
hardware and positions, horizontal cables, work areas and workstation terminal positions, 
grounding buses and pathways, and equipment grounding conductors. 

D. Cable and Wire Identification: 

1. Label each cable within 4 inches (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. 
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E. 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: 

1. Cables use flexible vinyl or polyester that flexes as cables are bent. 

3.6 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections. 

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. 

a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.2. 
Perform tests with a tester that complies with performance requirements in "Test 
Instruments (Normative)" Annex, complying with measurement accuracy specified 
in "Measurement Accuracy (Informative)" Annex. Use only test cords and adapters 
that are qualified by test equipment manufacturer for channel or link test 
configuration. 

B. 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. 

C. Remove and replace cabling where test results indicate that they do not comply with specified 
requirements. 

D. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 27 15 13 
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SECTION 27 51 23 INTERCOMMUNICATIONS SYSTEM 

 
PART 1 – GENERAL  
 
1.01 GENERAL REQUIREMENTS 
 

A. The conditions of the General Contract (General, Supplementary, and other Conditions) and the 
General Requirements are hereby made a part of this Section. 

 
B. All bids shall be based on the equipment as specified herein. The catalog numbers and model 

designations are that of the Quantum Multicom IP. The specifying authority must approve any 
alternate system. 

 
C. Contractors that wish to submit alternate equipment shall provide the specifying authority with the 

appropriate documentation, at least 15 business days prior to bid opening.  The submitted 
documentation must provide a feature by feature comparison identifying how the proposed 
equipment meets the operation and functionality of the system described in this specification.  
Contractor shall provide adequate and complete submittal information, prior to bid date, which 
shall include but not limited to specification sheets, working drawings, shop drawings, and a 
demonstration of the system. Alternate supplier-contractor must also provide a list to include six 
installations identical to the system proposed. 

 
D. The contractor shall also provide the FCC registration number of the proposed system. 

 
E. Final approval of the alternate system shall be determined at the time of job completion. Failure to 

provide the "precise functional equivalent" shall result in the removal of the alternate system at 
the contractor’s expense. 

 
F. The contractor for this work shall be held to have read all of the bidding requirements, the general 

requirements of division 1, and contract proposal forms, and the execution of this work. The 
contractor will be bound by all of the conditions and requirements therein. 

 
G. The contractor shall be responsible for providing a complete functional system including all 

necessary components whether included in this specification or not. 
 

H. In preparing the bid, the contractor should consider that no claim will be made against the owner 
for any costs incurred by the contractor for any equipment demonstrations which the owner 
requests. 
 

1.02 RELATED SECTIONS 
 

A. Specification Section 275124 – Sound Systems 
 
B. Specification Section 275313 – Clock System 

 
 
1.02 SCOPE OF WORK 
 

A. Furnish and install all equipment, accessories, and materials in accordance with these 
specifications and drawings to provide a complete and operating school communications system 
including but not limited to:  

 
1. Administrative display phone with integrated 4x16 character display 
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2. Administrative phone  
 

3. Handsets 
 

4. Classroom speaker(s), ceiling- or wall-mounted 
 

5. Call initiation switches capable of placing normal, urgent or emergency calls 
 

6. Telemedia control of VCRs, DVDs, Video-On-Demand laser disc players 
 

7. Built in Master Clock with 1024 events, 32 Schedules, including Daylight Savings Time, and 
32 custom holiday events that can be assigned to any of the 64 multi-purpose zones 

 
8. Wall-mounted paging horns 

 
9. One built-in network interface port for system combining and LAN station-to-station calling 

and district-wide all-calls 
 

10. One built-in network interface port for first-time system configuration 
 

11. Built-in Web Server for full system programming with Quantum Commander 
 

12. Administrative Web-Browser Application for Programming and System Operation  
 
 

B. System can connect to the PSTN (Public Switched Telephone Network) by connecting it to 
analog CO trunks. 

  
1. Telephone service with public utilities shall be arranged by the owner, in conjunction with the 

equipment supplier.  Equipment supplier shall generate a one-page document that will 
provide the Owner with information concerning number of outside lines (minimum of 8, and a 
maximum of 960 per school, max of 99 Schools [facilities]).  

 
 
1.03 SUBMITTALS 
 

A. Specification Sheets shall be submitted on all items including cable types. 
 

B. Submit outline drawing of system control cabinet showing relative position of all major 
components. 

 
C. Shop drawings, detailing integrated electronic communications network system including, but not 

limited to, the following: 
 

1. Station wiring arrangement 
 
2. Equipment cabinet detail drawing 

 
D. Submit wiring diagrams showing typical connections for all equipment. 
 
E. Submit a numbered Certificate of Completion for installation, programming, and service training, 

which identifies the installing technician(s) as having successfully completed the technical training 
course(s) provided by the system manufacturer. 
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1.04 QUALITY ASSURANCE 
 

A. All items of equipment shall be designed by the manufacturer to function as a complete system 
and shall be accompanied by the manufacturer's complete service notes and drawings detailing 
all interconnections. 

 
B. The contractor shall be an established communications and electronics contractor that has had 

and currently maintains a locally run and operated business for at least 5 years.  The contractor 
shall be a duly authorized distributor of the equipment supplied with full manufacturer's warranty 
privileges. 

 
C. The contractor shall show satisfactory evidence, upon request, that he or she maintains a fully 

equipped service organization capable of furnishing adequate inspection and service to the 
system. The contractor shall maintain at his or her facility the necessary spare parts in the proper 
proportion as recommended by the manufacturer to maintain and service the equipment being 
supplied. 

 
 
1.05 SINGLE SOURCE RESPONSIBILITY 
 

A. Except where specifically noted otherwise, all equipment supplied shall be the standard product 
of a single manufacturer of known reputation and minimum of 35 years experience in the industry. 
The supplying contractor shall have attended the manufacturer's installation and service school. 
A certificate of this training shall be provided with the contractor's submittal. 

 
 
1.06 SAFETY / COMPLIANCE TESTING 
 

A. The communications system shall bear the label of a Nationally Recognized Testing Laboratory 
(NRTL) such as ETL, and be listed by their re-examination service.  All work must be completed 
in strict accordance with all applicable electrical codes, under direction of a qualified and factory 
approved distributor, to the approval of the owner. 

 
B. The system is to be designed and configured for maximum ease of service and repair.  All major 

components of the system shall be designed as a standard component of one type of card cage.  
All internal connections of the system shall be with factory-keyed plugs designed for fault-free 
connection. 

 
C. The printed circuit card of the card cage shall be silk-screened to indicate the location of each 

connection. 
 
 
1.07 IN-SERVICE TRAINING 
 

A. The contractor shall provide a minimum of eight hours of in-service training with this system. 
These sessions shall be broken into segments, which will facilitate the training of individuals in 
the operation of this system. Operators Manuals and Users Guides shall be provided at the time 
of this training. 

 
 
1.08 WIRING 
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A. System wiring and equipment installation shall be in accordance with good engineering practices 
as established by the EIA and the NEC. Wiring shall meet all state and local electrical codes. All 
wiring shall test free from all grounds and shorts. 

 
B. All communication system wiring shall be labeled at both ends of the cable.  All labeling shall be 

based on the room numbers as indicated in the architectural graphics package. 
 
 
1.09 PROTECTION 
 

A. The contractor shall provide all necessary transient protection on the AC power feed and on all 
station lines leaving or entering the building. 

 
B. The contractor shall note in his system drawings, the type and location of these protection 

devices as well as all wiring information.  Such devices are not to be installed above the ceiling. 
 
 
1.10 SERVICE AND MAINTENANCE  
 

A. The contractor shall provide a five year equipment warranty of the installed system against 
defects in material and workmanship. All materials shall be provided at no expense to the owner 
during normal working hours. The warranty period shall begin on the date of acceptance by the 
owner/engineer. 

 
B. The contractor shall, at the owner's request, make available a service contract offering continuing 

factory authorized service of this system after the initial warranty period. 
 

C. The system manufacturer shall maintain engineering and service departments capable of 
rendering advice regarding installation and final adjustment of the system. 

 
  
PART 2 - EQUIPMENT SPECIFICATION 
 
2.01 MANUFACTURERS 
 

A. Manufactures: Subject to compliance with requirements specifications, provide the following 
system: 

 
1. Quantum Multicom IP manufactured by Bogen Communications, Inc., Ramsey, NJ 
 

B. The Specifying authority must approve any alternate system. 
 
C. The intent is to establish a standard of quality, function and features. It is the responsibility of the 

bidder to insure that the proposed product meets or exceeds every standard set forth in these 
specifications. 

 
D. The functions and features specified are vital to the operation of this facility; therefore, inclusion in 

the list of acceptable manufacturers does not release the contractor from strict compliance with 
the requirements of this specification. 

 
 
2.02 EQUIPMENT 
 

A. CONSOLE 
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1. Rack-mounted equipment shall be Bogen Model TCPER 
 

a. 42” Rack 
b. 61” Rack 
c. 77” Rack 

 
2. MCRMP / MCMP / QRC24-48 (Compact Rack System) 

 
Rack Mount full, Mini-System, or Wall Mount panel.  Shall include the following components: 

 
Quantum Processor Card QSPC1 

  Analog Card 
  Station Card 
  Telephone Interface Card 
  5 volt / 12 volt Power Supply 

26 volt Power Supply(s) 
Audio Program Module Interface Assembly 

 
3. MCRMF / MCMF / QRC24-48 

 
a. MCRMF Rack mounting mainframe.  Includes built-in ventilation fans and the following 

circuit cards: 
 

Quantum Processor Card 
Analog Card  
Station Card  
Telephone Interface Card  
Ribbon Cable Assembly  

 
b. MCMF Wall Mount mounting mainframe.  Utilizes convection cooling and the following 

circuit cards: 
 
 Quantum Processor Card 
 Analog Card 
 Station Card 
 Telephone Interface Card 
 
c. QRC24 / QCR48 Compact Quantum Rack System Mainframe (1 per Mini-System). 

Includes built-in ventilation fan and the following circuit cards: 
 
 Quantum Processor Card 
 Analog Card 

Station Card 
 Telephone Interface Card 

 
 

4. MCRRP / MCRRC / MCRC 
 

1. Relay Module/Card 
 

5. MCRCA 
 

a. Ribbon Cable Assemblies 
  

6. Program Sources 
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a. Tape Player & AM/FM Tuner 
b. 5-Disc CD Player 
c. AM/FM Tuner 
d. Desktop Paging Microphone 

  
7. Power Amplifiers, a separate power amplifier will be provided for all corridor speakers, and 

one for all exterior horns. 
 

a. 60-Watt Amplifier 
b. 125-Watt Amplifier 
c. 250-Watt Amplifier 

 
8. Station Equipment 
 

a. Administrative Display Phone 
b. Administrative VoIP Phone 
c. Administrative Wall-Mount Phone 
d. Administrative Desktop Phone 
e. Call switch with Privacy 
f. Rocker-style Call Switch 

 
9. Optional Equipment 
 

a. Telephone Access Card 
b. Telemedia Control Unit 
c. Television Control Unit 
d. Handheld Infrared Transmitter 

 
 
2.03 COMPONENTS AND DESCRIPTIONS  
 

A. The Quantum Multicom IP must be capable of supporting the existing Multicom 2000 hardware 
and functions as well as the new features across the Quantum Processor’s interfaced over the 
LAN. The VoIP capabilities of the QSPC1 Quantum Processor Card will enable the support of the 
features across the various processors’ nodes. The sections below cover how the system will 
handle each of the existing and the new features in the QSPC1 product.  Systems that do not 
allow the reuse of existing equipment or are not backwards compatible shall not be deemed 
acceptable.  Systems that don’t allow processors to be seamlessly integrated via the LAN are not 
considered equal. 

 
B. Quantum Multicom IP 

 
1. The Quantum facility shall have a minimum of one node/processor and a maximum of 64 

interconnected nodes/processors. A maximum of 99 facilities can be interconnected into a 
district. 

 
2. The station numbers, program buses, etc. shall be identified with a QSPC1#, Station card# 

and port# or QSPC1#, program#. 
 

3. Audio Information will be transmitted between the processors on the LAN using VoIP 
technology. Quantum will utilize all of the existing Multicom 2000 hardware except the current 
processor card. Thus making Quantum Multicom IP backwards-compatible with existing 
Multicom 2000 systems. 
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4. The processor software shall be upgradeable via Quantum Commander. The Quantum 
automatically reboots after it installs the software upgrade. If for some reason the newly 
installed software will not boot properly, the system shall revert to the previous working load. 

 
5. It shall be possible for Quantum schools to exchange ‘station-to-station’ calls and ‘inter-facility 

All-Call paging’ to a single facility or all facilities in a district using VoIP technology.  
 

6. The primary QSPC1 shall be configured to act as a Gateway for facility point-to-point calls. 
Using Quantum Commander, every facility shall be configured with the IP addresses of the 
primary QSPC1 systems of all the other known facilities (maximum of 98 additional), and an 
organizationally private multicast IP address (i.e. 239.x.y.z series), which shall be used for 
inter-facility paging.  

 
7. The maximum number of simultaneous inter-facility point-to-point calls supported is based on 

the actual performance of the network and the CPU load. The voice quality of the inter-facility 
calls may vary based on the network conditions. 

 
8. The system shall facilitate the playing of short audio clips repetitively played until stopped by 

the Quantum Commander User or administrative display phone MCDS4 whichever occurs 
earlier. 

 
9. A built-in Master Program Clock, with battery backup, shall be included to automatically 

control class change or other signals.  The Master Program Clock shall have 1024 events 
that may be programmed into any of the 32 time signaling schedules, and/or 32 flexible 
holiday schedules.  Systems that rely on external master clock shall not be considered 
equivalent. 

 
10. Network Time Synchronization. The system shall be capable of periodic 

update/synchronization of the processor’s time with a Network Time Server via the school’s 
LAN network.  Systems that do not provide Network Time Synchronization will not be 
deemed equivalent. 

 
C. Quantum Commander 
 

1. The processor utilizes a web-based programming tool.  The Quantum Commander is built 
into the QSPC1 processor card and upon boot up, users can login to the Quantum 
Commander Web Server via their web browser. 

 
2. The Quantum Commander shall be broken into three access levels depending on user 

access credentials.  Systems that do not provide at least three (3) levels of access are not 
equal. 

 
3. Only the Administrator and Technician shall have access to add/delete/modify the database 

objects. 
 

4. Users shall have display only access to see the data objects that include configuration, 
alarms, and performance data and perform certain operations based on the user’s CoS 
(Class of Service). 

 
D. Administrative Display Phone 
 

1. Administrative Display Phones shall be Bogen Model MCDS4. The administrative telephone 
display panel shows the time of day and day of week, the current time signaling schedule, 
and the station numbers and call-in priority of staff stations that have called that particular 
station.  A 3-key response is used to scroll the display, and answer or erase normal, urgent, 
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and security calls.  Depending upon the system programming, an administrative station can 
use display menus to activate zone pages, alarm signals and external functions, as well as 
select program sources and distribute or cancel a program to any or all speakers or zones. 

 
2. Administrative Display Phones shall have the ability to dial and have the option of dialing 

either the loudspeaker or phone at each station location. The system shall automatically 
switch from phone-to-intercom communication to phone-to-phone communication when the 
staff handset or enhanced staff phone on the receiving end of the call is lifted. 

 
3. The Administrative Display Phone shall display the classroom number of any station that calls 

911. This feature will notify the main office when a classroom has dialed 911 emergency 
centers so that administrators can direct emergency personnel to the correct physical location 
in the building when they arrive. Systems that do not provide this feature will not be deemed 
equal. 

 
 

E. Administrative Phone 
 

1. Classroom phones shall be one of the following Bogen Model(s) 
 

a. MCESS – Administrative Desk Phone 
b. MCWESS – Administrative Wall Phone.   

 
2. The Station goes Off-Hook and dials the 3- to 6-digit (preceded by an * if calling a telephone 

instead of loudspeaker) number of the desired station. The call is routed to any station 
(admin/staff).The classroom phone shall be capable of the following features: 

 
a. Emergency Call involves going off hook and flash hook the switch at least four times. 

The Call is then switched to the assigned Admin Phone. This requires the display of 
the architectural number on the Administrative Display phone and or Wall Display.  
Systems that do not provide this feature are not equivalent.  

 
b. Alarm Distribution 

 
c. Audio Program toggle On/Off 

 
d. Call Forward activation for All-Calls/Busy/No Answer/Busy or No Answer 

 
e. Cancel Call Forward 

 
f. Conference Calling 

 
g. Transfer Call 

 
h. Dial administrative display phone, dial the station number to call to the speaker or dial 

the station number preceded with * to call the phone. The call shall be routed to the 
administrative display phone and/or administrative wall display showing the 
architectural number that is calling. 

 
i. Emergency All-Call shall be broadcasted to all the stations in the facility. 

 
j. Place Outside Call 

 
k. Remote Answer 
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l. Single-Zone/All-Station Page 
 

m. Call Waiting Tone for Outside Calls, and it shall be possible to feed the call waiting 
tone to the Administrative Phone during a conversation. 

 
 

F. Intercom System Speakers 
 

1. Classroom Speakers shall be Bogen: 
 

a. Ceiling Speakers: CSD2X2 Drop-In Ceiling Speakers 
b. Wall Speakers: MB8TSQ/SL Metal Box Speakers 

 
2. Hallway Speakers shall be Bogen: 

 
a. Ceiling Speakers: CSD2X2 Drop-In Ceiling Speakers 
b. Wall Speakers: MB8TSQ/SL Metal Box Speakers 

 
3. Outdoor / Gym / Locker Room Speakers shall be Bogen: 

 
a. FMH15T mounted in BBSM6 surface-mounted vandal-resistant enclosure/BBFM6 flush-

mounted vandal-resistant enclosure with FMHAR8 adapter ring and SGHD8 heavy duty 
grille 

b. KFLDS30T Wide Dispersion Reentrant Horn Loudspeakers 
 

4. Common Area Speakers shall be Bogen: 
 

a. HFCS1 High-Fidelity Ceiling Speakers 
b. OCS1 NEAR Orbit Ceiling Speakers 
c. OPS1 NEAR Orbit Pendent Speakers 

 
 

G. Quantum Commander 
 

1. The processor utilizes a web-based programming tool. The Quantum Commander is built into 
the QSPC1 processor card, and upon boot up, user can login to the Quantum Commander 
Web Server. 

 
2. The Quantum Commander shall be broken into three access levels depending on user 

access credentials.  Systems that do not provide at least three (3) Levels of access are not 
equivalent. The three levels are: 

 
a. User 
b. Administrator 
c. Technician  

 
3. Only the Administrator and Technician shall have access to add/delete/modify the database 

objects. 
 
4. Users shall have display only access to see the data objects that include configuration, 

alarms, and performance data and perform certain operations based on the user’s CoS 
(Class of Service). 

 
5. The following Menu Items must be available on the Multicom IP Quantum Commander: 
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a. File - Open Database, New System, Save, Delete, Report and Exit, Upload Database, 
Download Database, Download Software, Diagnostics, Tones and Announcements, 
Relay Configuration, Program Distribution, Media Assignment, List Passwords, Add 
Password, and Change Password. 

 
 
2.04 SYSTEM PARAMETERS  
 

A. The communication system shall be a Bogen Quantum Multicom IP, and shall provide a 
comprehensive communication network between administrative areas and staff locations 
throughout the facility.  Nonvolatile memory shall store permanent memory and field-
programmable memory. A system, which uses a battery to maintain system configuration 
information, shall not be acceptable. 

 
 The system shall provide no less than the following features and functions: 
 

1. Telephonic communication (complete with DTMF signaling, dial tone, ringing and busy 
signals, and data display) on administrative stations shall use two wires. Systems that use 
more than two wires for communication, tones and data display shall not be acceptable. 

 
2. Amplified-voice communication with loudspeakers shall use a shielded audio pair (shield can 

be used as one of the two required conductors for administrative phone or call-in switch). 
 

3. The system shall be provided in the following configuration: 
 

 
a. MC2KR Rack-mounted Quantum.  Station capacity shall be from 24 to 250 stations each 

Node.  All telephone stations shall have the ability to support displays. 
 
 

The above system configurations represent a single processor in the Quantum Multicom 
IP.  Each processor can be combined with up to 63 additional systems (nodes) for a total 
single facility capacity of up to 16,000 stations. 

 
4. The system shall consist of any combination of the following: Administrative Display Phones, 

Administrative VoIP Phones, and Administrative Phones. 
 

a. Staff Classroom Stations shall consist of wall- or ceiling-mounted loudspeakers with call-
in switches or handsets. 

 
b. Administrative phone stations shall consist of, display phones, or DTMF dialing 2500 

analog-style telephone sets. 
 

c. Administrative Display Phones shall be DTMF-dialing digital telephone sets with a 4x16 
character LCD display panel.  They shall be equipped with a standard 12-key push-
button dialing keypad.  Phones requiring external LCD displays shall not be accepted as 
an equal.  Optionally, a loudspeaker may be connected at each administrative station 
location. MCDS4 

 
1. Up to 5 Administrative Wall Displays may be added to the Administrative Station for 

large office areas. 
 

d. Administrative Display Phones, Administrative VoIP Phones, and Administrative Phones 
shall have the option of including a loudspeaker. 
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e. All types of stations except administrative VoIP phones shall utilize the same type of field 
wiring.  Future station alterations shall only require the station type to be changed and the 
proper software designation to be selected.  Alterations shall not require field wiring or 
system head-end alterations.  All field wiring and system head-end equipment shall 
support any type of station, at the time of installation.  All contractor proposals shall 
reflect this capacity.  Failure to submit and bid this project in this manner will be deemed 
as being in direct conflict of these specifications and will be rejected. 

 
f. There shall be no limit to the number of administrative display stations within the total 

capacity of the system. 
 

g. It shall be possible at any time to change the type of station at any location without 
equipment or wiring changes except for administrative VoIP phones that utilize existing 
LAN connections.  Systems that limit the quantity of each station type or require future 
additional equipment and/or system expansion to provide additional administrative 
telephones shall not be accepted as an equal. 

 
5. The system shall be a global switching system, providing up to 512 unrestricted simultaneous 

private telephone paths per facility. The system shall also be capable of providing up to 512 
amplified intercom paths per facility. One amplified intercom path shall automatically be 
provided with each increment of 24 stations of system capacity. All hardware, etc., required to 
achieve the necessary number of amplified-voice intercom channels for this system shall be 
included in this submittal.  Amplified-voice intercom channels shall provide voice-activated 
switching.  Systems requiring the use of a push-to-talk switch on administrative telephones 
shall not be acceptable. There shall be an automatic level control for return speech during 
amplified-voice communications. The intercom amplifier shall also provide control over the 
switch sensitivity and delay times of the VOX circuitry. 

 
6. The system shall provide 911 Dial-Through with specific outside line(s) dedicated only for this 

function to ensure that the line is available all the time for 911 calls. The 911 Dial-Through is 
available to any station that can dial. 
 
a. The 911 CO lines will be pre-configured and reserved. If the 911 reserved lines are busy, 

the normal CO lines will be connected to route the 911 calls. If all the normal CO lines are 
busy, the ongoing call shall be disconnected and the 911 call shall be placed. 

 
b. When 911 is dialed from a Administrative VoIP Phone or Administrative Phone its 

Administrative Display Phone or Wall Display will receive a message that that room 
dialed 911. 

 
7. It is of utmost importance that emergency calls from staff stations receive prompt attention.  

Therefore, it is important that there be an alternate destination in case the emergency call 
does not get answered at the primary location.  To this end: 

 
a. Staff-generated Emergency calls shall be treated as the second highest system priority. 

Therefore, all Emergency calls shall annunciate at the top of the call queue of their 
respective administrative display phone.  Should that emergency call go unanswered for 
15 seconds, the call shall be re-routed to an alternate speaker station then a tone 
prompts the caller to make a verbal call for help. During the transfer, the original 
administrative telephone shall continue to ring the distinctive Emergency Ring. Should 
the Emergency Transfer to Station have an associated administrative telephone, it too 
shall ring the distinctive Emergency ring. 

 
b. The Emergency Transfer to Station shall be field programmable. 
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c. Should the original administrative display phone be engaged in a non-emergency 
conversation, its conversation shall be automatically terminated, indicated with an alert 
tone, and then reconnected to the station that generated the Emergency Call. 

 
d. Should the administrative display phone be engaged in an emergency conversation, 

successive emergency calls shall log into the call queue as well as transfer to the 
Emergency Transfer Station for their verbal call for help. Upon termination of the initial 
emergency conversation, the next one shall immediately ring the administrative 
telephone. 

 
e. Systems failing to transfer unanswered Emergency calls or failing to immediately connect 

to the administrative display phone shall not be deemed as equal. 
 

8. There shall be a System-Wide Facility Emergency All-Call feature. The Emergency All-Call 
shall be accessed from designated administrative phones or by the activation of an external 
contact closure which shall give the third audio program input emergency status.  The 
Emergency All-Call function shall have the highest system priority and shall override all other 
loudspeaker-related functions including Time Tones, Normal All-Call or Zone Pages or Audio 
Distribution. 

 
a. Considering that emergencies calls are to be treated with the highest level of concern. 

Systems which do not regard Emergency-All-Call page from an administrative station 
with the highest priority shall not be deemed as equal. 

 
b. Upon picking up the receiver and dialing "9", a menu shall appear on the display 

prompting the user to enter each subsequent digit. In this way, the user shall not be 
required to memorize complicated key sequences in order to access emergency 
functions. 

 
c. The Emergency All-Call shall capture complete system priority, and shall be transmitted 

over all speakers in the facility.  It shall also activate an external relay, which can be used 
to automatically override volume controls and other systems. 

 
d. Systems without Emergency All-Call, or systems with All-Call that cannot be activated by 

external means, or which do not capture complete system priority or activate an external 
relay, shall not be acceptable. 

 
9. There shall be at least four Dedicated Emergency Alarm Tones. Each may be accessed by 

dialing a three-digit number from designated administrative display phone. These emergency 
tones should be separate from the time tones. Systems using external alarm generators, or 
having less than four emergency alarm tones shall not be acceptable. 

 
a. Upon picking up the receiver and dialing "9", a menu shall appear on the display 

prompting the user to enter each subsequent digit. In this way, the user shall not be 
required to memorize complicated key sequences in order to access Emergency Alarm 
Tones. 

 
10. There shall be four (4) External-Function Relay Driver Outputs, accessible from designated 

Quantum Commander User or Administrative Display Telephones by dialing a four-digit 
number. These outputs remain set until accessed and reset at a later time. The user shall 
have the ability to review the status of each relay driver. A plain English menu, prompting the 
user through the fields without requiring the user to remember any dialing sequences shall 
support this feature. Systems that require the user to remember complicated dialing schemes 
or prompt the user via cryptic commands shall not be deemed equal. 
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a. The stations shall be capable of being programmed for security contact relays for use 
with magnetic locks, motion detectors, cameras or any low-voltage, dry contact creating 
device. System using security stations for control of external functions shall not be 
acceptable. 

 
b. Upon picking up the receiver and dialing "9", a menu shall appear on the display 

prompting the user to enter each subsequent digit. In this way, the user shall not be 
required to memorize complicated key sequences in order to access external relay 
functions. 

 
11. There shall be a program-material interface included with each node, which shall accept up to 

four (4) Bogen Power Vector Series program modules. Systems requiring an external 
program source interface shall not be acceptable. 

 
12. There shall be an outside line feature.  The circuitry shall interface with the station ports of an 

external telephone system, and shall provide facilities for up to 960 incoming lines per facility 
which shall be designated by the user to ring "day" and "night" administrative display stations 
or administrative stations. Where an administrative display station is designated to receive 
outside line calls, the phone shall ring with a unique tone and the outside line number shall 
appear on the display panel. The option shall also provide the ability to make outside line 
calls from Administrative Display Stations or Administrative Stations. This ability shall be 
programmable for each phone and there shall be thirty-two Classes of Service available to 
any station. This feature shall be capable of supporting DID, DISA, and a Security DISA 
function. 

 
a. Cellular system access for Security is of the utmost concern.  Wireless security page 

offers a password-protected Security DISA feature that shall be accessible only from 
authorized Police, Fire, Emergency personal or an off-premise security office, which 
monitors the facility’s security system.  It shall function as follows: upon confirmation of 
the password DISA number, the system shall allow security personnel to dial access any 
station and monitor the activity without pre-announce tone or the privacy tone.  This will 
then allow the security office to determine exactly what the conditions are in the station 
and the actions need to be taken. 

 
13. The system shall provide for field-programmable three-, four-, five-, or six-digit architectural 

station numbers. 
 
14. There shall be an automatic level control for return speech during amplified-voice 

communications.  
 

15. Each station loudspeaker shall be assignable to any one, any combination, or all of 64 Multi-
purpose zones or any of the 16,000 hard-wired zones per facility. 

 
a. Each station loudspeaker shall be assignable to any one, any combination, or all of 64 

Multi-purpose zones.  Systems with less than 64 Multi-purpose zones shall not be 
acceptable. 

 
16. There shall be thirty-two (32) Flexible Time-Signaling Schedules with a total of 1024 user-

programmed events per facility.  Each event shall sound one of user-selected tones or 
external audio.  It shall be possible to assign each schedule to a day of the week, or manually 
change schedules from an authorized Quantum Commander User via Web browser. 
Systems, which do not provide a minimum of thirty-two (32) flexible time-signaling schedules 
or a choice of eight (8) time tones plus external audio, shall not be acceptable. 
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17. An internal program clock (with battery backup) shall be included, allowing a total of 1024 
user-programmed events per facility.  It shall be possible to synchronize the internal program 
clock with an external master clock.  Systems, which do not provide an internal program clock 
and/or can not synchronize with an external master clock to meet these specifications, are 
not equal. 

  
a. There shall be thirty-two (32) flexible time-signaling schedules.  It shall be possible to 

assign each schedule to a day of the week, or manually change schedules from an 
authorized Quantum Commander User via Web browser on the LAN. 

 
b. The built-in Master Clock corrects time by accessing the LAN NTP time server. 

 
c. The Quantum Processor is capable of adjusting the Daylight Savings Time automatically. 

 
d. Each event shall be able to be directed to any one or more of the sixty-four (64) Multi-

purpose time-signaling zones. 
 

e. Each of the 64 Multi-purpose zones shall have a programmable "tone duration" unique 
unto itself.  For example: the gymnasium shall receive a time tone for ten (10) seconds 
while the rest of the facility receives a tone for five (5) seconds. 

 
f. Each event shall sound one of eight (8) user-selected tones or external audio. Each 

event may utilize a different custom tone. It shall be utilized to send the gymnasium, shop 
classes, and pool (if necessary), a separate time tone to indicate "clean up." Minutes later 
the entire facility can then receive the same time tone to indicate class change. 

 
g. Each of the eight (8) Distinct Time Tone Signals may be manually activated by selected 

Administrative Display Phones or an authorized Quantum Commander User via web-
browser. These tone signals shall remain active as long as the telephone remains off-
hook, or until canceled from the keypad or Quantum Commander. 

 
1. Upon picking up the receiver and dialing "9", a menu shall appear on the display 

prompting the user to enter the next digit. In this way, the user shall not be required 
to memorize complicated key sequences in order to access manual time-tone 
functions. 

 
2. Systems that do not provide at least thirty-two (32) flexible time signaling schedules 

or do not provide automatic activation of schedules shall not be acceptable. 
 

18. There shall be a zone-page/all-page feature that is accessible by selected administrative 
VoIP phones and administrative phones. 

 
a. There shall be automatic muting of the loudspeaker in the area where a page is 

originating. 
 
b. There shall be a pre-announce tone signal at any loudspeaker selected for voice paging. 

 
19. There shall be a voice-intercom feature that is accessible by selected administrative phones, 

administrative VoIP phones and all administrative display phones. 
 

a. There shall be a periodic privacy tone signal at any loudspeaker selected for amplified-
voice communication. 

 
b. There shall be a pre-announce tone signal at any loudspeaker selected for voice-

intercom communication. 
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c. Privacy and pre-announce tone signals shall be capable of being disabled during system 

initialization. 
 

d. There shall be an automatic switchover to private telephone communication should the 
person at the loudspeaker pick up his handset. 

 
e. By picking up the receiver and dialing the first digit of the number of the station to be 

called, that number shall appear on the display along with a loudspeaker symbol, 
prompting the user to enter the next digits.  There shall be no confusion as to the type of 
conversation that is to be established. 

 
20. There shall be a telephonic communication feature, which is accessible by all Administrative 

VoIP Phones, Administrative Phones, and Administrative Display Phones. 
 

a. There shall be an audible ring signal announcing that a call has been placed to that 
station. 

 

b. Upon picking up the receiver and dialing * (star), a telephone symbol shall appear on the 
display, prompting the user to enter the number of the station to be called.  There shall be 
no confusion as to the type of conversation that is to be established. 

 
c. There shall be an automatic disconnect of Staff Handsets left off-hook to prevent them 

from tying up communications channels.  The station shall receive a busy signal and shall 
automatically disconnect after 45 seconds.  Systems shall also be capable of doing off 
hook emergency call-in. 

 
d. There shall be an automatic disconnect of Administrative Display Phones and 

Administrative Phones to prevent them from tying up communications channels.  When a 
phone goes off-hook and does not initiate a call within ten seconds, the station shall 
receive a busy signal and shall automatically disconnect after 45 more seconds. 

 
e. Staff and Administrative Phone Stations may be programmed to ring an Administrative 

Display Phone during day hours and another Administrative Display Phone during night 
hours. Day and Night Hours shall be user-programmable. Assignment of Staff Stations 
shall not be restricted to any particular Administrative Station.  Systems that limit the 
number and assignment of staff call-in to particular Administrative Display Station of 
Administrative Stations shall not be acceptable. 

 
21. Each staff call station shall be programmable for one of three call-in types, as follows: 

 
Normal / Emergency 
Urgent / Emergency 
Emergency 

 
a. Staff Call Stations programmed for access Normal / Emergency or Urgent / Emergency 

shall be able to initiate an emergency call by repeated flashing of the hook switch or 
repeated pressing of the call-in switch. Systems, which require additional switches and/or 
conductors to initiate an emergency call, shall not be acceptable. 

 
b. Emergency Calls from Administrative VoIP Phones, Administrative Phones or Staff Call 

Switch Stations shall interrupt a non-emergency call in progress at the designated 
Administrative Display Phone. The administrator shall receive a warning tone and be 
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connected to the emergency caller. The disconnected party shall receive a busy signal. 
Systems which do not provide emergency call interrupt shall not be acceptable. 

 
c. It shall be possible to connect a single push emergency call-in switch to any 

Administrative Phone, without effecting normal station operation.  This feature is not 
available with the Administrative VoIP Phone. 

 
d. Normal and Urgent calls shall be logged into queue for the designated administrative 

display phones. 
 

e. Administrative Display Phones shall ring for a period of 45 seconds when they receive a 
call, and then stop ringing. 

 
f. Each queue shall first be sorted according to call priority (emergency calls, then urgent 

calls, and then normal calls).  Calls are sorted within each priority level on a first-in, first-
out basis.  When a call is answered, it shall automatically be removed from the queue.  
Systems, which do not sort calls according to priority and order received, shall not be 
acceptable. 1) The display shall simultaneously show up to four (4) Staff Call Switch 
Station Calls pending.  Additional calls, beyond four (4), shall be indicated by an arrow 
pointing down thus prompting the user that additional calls are waiting. 

 
g. It shall be possible to answer any incoming call simply by picking up the handset while it 

is ringing.  It shall not be necessary to hit any buttons to answer a call unless the call has 
dropped into the queue. 

   
22. Administrative VoIP Phones shall receive dial tone upon going off-hook.  Outgoing calls are 

made by dialing the desired station. Incoming calls can be directed to the telephone or to the 
associated loudspeaker for a hands-free reply. There shall be a switchover from loudspeaker 
to private telephone communication when a person picks up the handset and dials #### and 
enter (check mark). 

 
a. Administrative VoIP Phones shall be able to make a normal call to any Administrative 

Display Phone by dialing the number. They shall also be able to initiate an Emergency 
Call by dialing ****. Emergency Calls shall ring the Designated Day/Night Administrative 
Display Phone. The system shall provide for each station to have a PIN Numbers. By 
dialing the PIN at any system telephone, the administrator shall have access to 
emergency paging regardless of the restrictions on the particular phone being used. 

 
23. Administrative Phones MCESS or MCWESS shall receive dial tone upon going off-hook.  

Outgoing calls are made by dialing the desired station. Incoming calls can be directed to the 
telephone or to the associated loudspeaker for a hands-free reply. There shall be an 
automatic switchover from loudspeaker to private telephone communication should the 
person pick up the handset. 

 
a. Administrative Phones shall be able to make a normal call to any Administrative Phone 

by dialing the number. They shall also be able to initiate an Emergency Call by flashing 
the hook switch four times. Emergency Calls shall ring the Designated Day/Night 
Administrative Display Phone and then their speaker will be connected to the emergency 
link station if not answered within a predetermined time period. The system shall provide 
for each station to have a PIN Numbers. By dialing the PIN at any system telephone, the 
administrator shall have access to emergency paging regardless of the restrictions on the 
particular phone being used. 

 
 

24. Student Phone 
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a. Student Phone shall be supported. The Student Phone can only make 10-digit (7 digit or 

less than or equal to 10 digit), 0 local and 911 calls. The call duration shall be set to 5 
minutes. The dial tone shall be fed momentarily at 00:04:30, 00:04:40, 00:04:50, then at 
five minutes, calls are disconnected. The student phone can not receive any incoming 
calls. 

 
b. The Station is not allowed to dial the same number within 30 minutes and a busy signal 

shall be fed to the Station if the number is dialed. 
 

25. Administrative Display Phones shall be equipped with a 4x16 character alphanumeric display 
panel.  

 
a. Administrative Display Phones shall receive dial tone upon going off-hook.  Outgoing 

calls are made by dialing the desired stations.  Incoming calls can be directed to the 
telephone or to the associated loudspeaker for a hands-free reply.  There shall be an 
automatic switchover from loudspeaker to private telephone communication should the 
person pick up his handset. 

 
b. The display shall normally show the time of day and day of week, the current time 

signaling schedule, and the numbers of up to four stations calling in along with the call-in 
status of each station (normal, urgent, emergency).  When dialing from the Administrative 
Display Phone, the display shall indicate the station number and type of station 
(loudspeaker or handset) being dialed. 

 
c. The display shall also provide user-friendly menu selections to assist the operator when 

paging and distributing program material.  Displays shall be in English with internationally 
recognized symbols for maximum ease of use.  Systems, which require the operator to 
memorize long lists of operating symbols or control codes, shall not be acceptable. 

 
d. Administrative Display Phones shall be programmable for one of 3 station types for 

system access, as follows: 
 

1. Shall permit dialing any station in the system; turn program material on/off at their 
location; scroll, erase and auto-dial call-waiting queue; make conference calls and 
transfer calls; call forward to other administrative stations; make all-zone pages and 
emergency all-zone pages; have access to outside lines and be designated to 
receive outside line calls. 

 
2. Select and distribute or cancel program material to any combination of stations, 

paging zones, or all zones; set/reset alarm/external functions and zone paging. 
 

3. Bump or join a conversation in progress, manually initiate time tones. 
 

e. Program selection, and its distribution or cancellation shall be accomplished from a 
designated administrative display telephone, with the assistance of the menu display 
system.  Distribution and cancellation shall be to any one, or combination of speakers, or 
any zone(s), or all zones.  It shall be possible to provide three program channels at the 
same time. 

 
f. It shall be possible, via an Administrative Display telephone, to manually initiate any of 

eight (8) tones or any of the emergency tones. The tones shall be separate and distinctly 
different from the emergency tones. The tone selected shall continue to sound until it is 
canceled, or until the administrative display phone is placed back on-hook. 
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g. Each Administrative Display Phone shall maintain a unique queue of all stations calling 
that particular phone. 

 
26. System programming shall be from an authorized Quantum Commander User via Web 

browser.  All system programming data shall be stored in nonvolatile memory.  A valid 
username and password shall be required to gain access to the following programmable 
functions: 

 
a. Station Initialization shall be accomplished from an authorized Quantum Commander 

User via web browser.  All station initialization data shall be stored in nonvolatile memory.  
A password (separate from the password necessary for system programming) shall be 
required to gain access to the following station initialization parameters: 

 
i. Programming and diagnostics shall be built into the Quantum Commander 

web server browser and be accessible only by authorized personnel.  
Diagnostics shall indicate passes and failures of system memory, system 
clock, all audio busses, tone generators, DTMF generators and decoders 
and the integrity of the field wiring. 

 
ii. Systems not capable of supporting web-based diagnostics and any computer 

interface for programming and diagnostics, nor supportive of built-in 
diagnostics for the end user shall not be deemed as equal. 

 
27. Rollover EOL (End-Of-Line Device) 

 
a. This feature shall be supported for all the Stations (Admin Display/Admin VoIP/Admin) 

configured with a loudspeaker. Based on the dialed sequence, (*xxx, xxx) the call will be 
connected to the corresponding station/speaker. If the speaker/station is busy, the call is 
rolled over to the station/speaker corresponding to that station. 

 
b. If a handset station, configured with this feature, is busy when an Admin User calls the 

station, the call shall be rolled over to the associated speaker. If the speaker is also busy 
in this case, then the Admin call can bump the conversation.  

 
c. Rollover End-of-Line features not applicable with the Station with Call Switch or Station 

without the speaker. 
 

d. For calls initiated by a call switch or a non-dial handset, rollover to the admin speaker 
shall not happen. 

 
28. Admin AAA Group (Always An Answer) 

 
a. This is an Administrative Display Phone feature. This feature shall be programmed from 

the Bogen Commander. A maximum of 10 Administrative Display Phones will be 
supported in an Admin Group and there shall be a maximum of 32 Admin Groups per 
facility. Administrative Display Phones assigned to an Admin Group cannot also be 
assigned as day or night admin phones for any stations in the system. 

 
b. Once the Admin Group is set: 

 
1. For normal calls, if the primary Day/Night Admin Phone is busy/no answer, all the 

phones in the Admin Group shall ring. 
 

2. For emergency calls, if the primary day/night phone does not answer, all the phones 
in the Admin Group shall ring. 
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3. On no answer from any of the admin phones and if the emergency announce link is 

configured, the call shall be transferred to the emergency announce link as per the 
existing procedures. Administrative VoIP Phones do not have the emergency 
announce link functionality. 

 
4. On answer from any of the Admin Group Phones, all the other phones shall stop 

ringing. 
 
 
2.05 SPEAKERS 
 

A. Classroom speakers and grilles (ceiling-mounted, flush) shall be Bogen CSD2X2 Drop-In Ceiling 
Speakers. 

 
B. Classroom speakers (wall-mounted) shall be Bogen Model MB8TSQ or MB8TSL. 

 
C. Wiring shall be done per manufacturer's recommendation, West Penn #357.  All terminal 

connections to be on barrier strips.  All cables to be labeled by room. 
 

D. Outdoor horns shall be Bogen FMH15T . 
 
 
PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 

A. Examine conditions, with the installer present, for compliance with requirements and other 
conditions affecting the performance of the Integrated Telecommunications/Time/Audio/Media 
System. 

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

 
 
3.02 INSTALLATION 
 

A. The installation, adjustment, testing and final connection of all conduit, wiring, boxes, cabinets, 
etc., shall conform to local electrical requirements and shall be sized and installed in accordance 
with manufacturer’s approved shop drawings. 

 
B. Low-voltage wiring may be run exposed above ceiling areas where they are easily accessible. 

 
C. Contractor shall install new rack console at location shown on plans. 

 
1. Solder each speaker line splice and tape each individual wire. 
2. Connect remote slave clocks to master clock in console. 

 
D. All classroom phones shall be wall-mounted. 
 

1. Mount at 54" AFF. 
2. All wiring should be concealed. 
3. Verify exact location with Architect. 

 
E. All Administrative Phones shall be desk- or counter-mounted. 
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1. Provide standard wall 120V AC receptacle 16" AFF 
2. Verify exact location with Architect 

 
F. Speaker and telephone lines run above ceiling and not in conduit shall be tie-wrapped to ceiling 

joist with a maximum spacing of 8' between supports.  No wires shall be laid on top of ceiling tile. 
 

G. Connect field cable to each speaker transformer using UL butt splices for 22 AWG wire. 
 

H. Terminate field wiring on wall adjacent to rack using Telco 66 type blocks. Provide neat cross 
connect system for wiring.  Wiring to be labeled to indicate final architectural room number that it 
services on the Telco block. 

 
I. Rack shall be labeled in numerical order with speaker/phone combinations first, speaker/outside 

horn combinations last.  Labeling and order shall reflect final Architectural room numbers posted 
outside the rooms.  Use three- (3), four- (4), five- (5), or six- (6) digit dialing extensions. 

 
J. Contractor shall provide a minimum of eight (8) hours of operational and programming instruction 

to school personnel. 
 

K. On the first school day following installation of Multicom System, the Contractor shall provide a 
technician to standby and assist in system operation. 

 
L. Mark and label all telephone outlets and/or sets with the graphic room numbers.  Label all 

demarks IDF and MDF points with destination point numbers.  Rooms with more than one outlet 
shall be marked XXX-1, XXX-2, XXX-3, etc. where XXX is the room number. 
 

M. Interface cable shall be installed, and connected between the new intercom and the master clock 
to synchronize the intercom time each day at 6:00AM. 

 
N. No graphic room number shall exceed the sequence from 000001 through 899999. 

 
1. All outside speakers shall be on a separate page zone and time zone. 
2. All zones shall be laid out not to exceed 10 watts maximum audio power zone. 
3. All hallway speakers shall be tapped at 1 watt maximum. 
4. All outside horns shall be tapped at 7.5 watts maximum. 
5. All classroom speakers shall be tapped at ½ watt maximum. 
6. Large rooms, such as cafeterias, shall be tapped at 2 watts maximum. 

 
 
3.03 GROUNDING 
 

A. Provide equipment grounding connections for Integrated Telecommunications/Time/Audio/Media 
System as indicated. Tighten connections to comply with tightening torques specified in UL 
Standard 486A to assure permanent and effective grounds. 

 
B. Ground equipment, conductor, and cable shields to eliminate shock hazard and to minimize the 

greatest extent possible, ground loops, common mode returns, noise pickup, cross talk, and other 
impairments. 

 
C. The contractor shall provide all necessary transient protection on the AC power feed and on all 

station lines leaving or entering the building. 
 

D. The contractor shall note in his drawing, the type and locations of these protection devices as well 
as all wiring information. 
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E. The contractor shall furnish and install a dedicated, isolated earth ground from the central 
equipment rack and bond to the incoming electrical service ground buss bar. 

 
 
PART 4 - EXECUTION 
 
4.01 DIVISION OF WORK 
 

A. While all work included under this specification is the complete responsibility of the contractor, the 
following division of actual work listed shall occur. 

 
1. The conduit, outlets, terminal cabinets, etc., which form part of the rough-in work shall be 

furnished and installed completely by the electrical contractor. The balance of the system, 
including installation of speakers and equipment, making all connections, etc., shall be 
performed by the manufacturer's authorized representative. The entire responsibility of the 
system, its operation, function, testing and complete maintenance for one (1) year after final 
acceptance of the project by the owner, shall also be the responsibility of the manufacturer's 
authorized representative. 

 
 
4.02 EQUIPMENT MANUFACTURER'S REPRESENTATIVE 
 

A. All work described herein to be done by the manufacturer's authorized representative shall be 
provided by a documented factory authorized representative of the basic line of equipment to be 
utilized. 

 
B. As further qualification for bidding and participating in the work under this specification, the 

manufacturer's representative shall hold a valid C-10 Contractor's License issued by the 
Contractor's State License Board of [your state]. The manufacturer's representative shall have 
completed at least ten (10) projects of equal scope, giving satisfactory performance and have 
been in the business of furnishing and installing sound systems of this type for at least five (5) 
years. The manufacturer's representative shall be capable of being bonded to assure the owner 
of performance and satisfactory service during the guarantee period. 

 
C. The manufacturer's representative shall provide a letter with submittals from the manufacturer of 

all major equipment stating that the manufacturer's representative is an authorized distributor.  
This letter shall also state the manufacturer guarantees service performance for the life of the 
equipment, and that there will always be an authorized distributor assigned to service the area in 
which the system has been installed. 

 
D. The contractor shall furnish a letter from the manufacturer of the equipment, which certifies that 

the equipment has been installed according to factory intended practices, that all the components 
used in the system are compatible and that all new portions of the systems are operating 
satisfactorily.  Further, the contractor shall furnish a written unconditional guarantee, 
guaranteeing all parts and all labor for a period of five (5) years after final acceptance of the 
project by the owner. 

 
 
4.03 INSTALLATION 
 

A. Plug disconnect: All major equipment components shall be fully pluggable by means of multi-pin 
receptacles and matching plugs to provide for ease of maintenance and service. 

 
B. Protection of cables: Cables within terminal cabinets, equipment racks, etc., shall be grouped and 

bundled (harnessed) as to type and laced with No. 12 cord waxed linen lacing twine or T & B "Ty-
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Rap" cable.  Edge protection material shall be installed on edges of holes, lips of ducts or any 
other point where cables or harnesses cross metallic edge. 

 
C. Cable identification: Cable conductors shall be color-coded and individual cables shall be 

individually identified.  Each cable identification shall have a unique number located 
approximately 1-1/2" from cable connection at both ends of cable.  Numbers shall be 
approximately 1/4" in height.  These unique numbers shall appear on the As-Built Drawings. 

 
D. Shielding: Cable shielding shall be capable of being connected to common ground at point of 

lowest audio level and shall be free from ground at any other point.  Cable shields shall be 
terminated in same manner as conductors. 

 
E. Provide complete "in service" instructions of system operation to school personnel. Assist in 

programming of telephone system. 
 
 
4.04 DOCUMENTATION 
 

Provide the following directly to the Supervisor of Technology Service. 
 

A. Provide a printed copy of all field programming for all components in system. 
 
B. Provide one copy of all diagnostic software with copy of field program for each unit. 

 
C. Provide one copy of all service manuals, parts list, and internal wiring diagrams of each 

component of system. 
 

D. Provide one copy of all field wiring runs, location and end designation of system. 
 
 

END OF SECTION 275123 
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SECTION 27 51 24 SOUND SYSTEMS 

 
PART 1 - GENERAL  
 
1.1 GENERAL  

 
A. PERFORMANCE GUARANTEE  
 

1. Sound Contractor unconditionally guarantees that the system delineated in this specification 
will meet or exceed the following performance criteria:  
 

2. Maximum average program level shall be no less than 75 +/- 3 dB for all multi-purpose and 
auditorium areas. Maximum average program level shall be no less than 89 +/- 3 dB for the gymnasium 
sound system anywhere in the audience area.  
 

3. Each room shall have a uniformity of coverage within +/- 3 dB within the overall audience area.  
 

4. All system speakers shall have a dedicated processor for each speaker zone provided. Each 
specific processor shall enhance the specific EQ curves of the speakers, and provide a limiting feature for 
the specific speaker used. Systems that do not include a dedicated processor with their speakers 
shall be not accepted.  
 

5. The Cafeteria and Gymnasium sound systems are designed to operate independently. In the 
event the Cafeteria area needs to accommodate additional people, the Gymnasium Sound System will 
accept the Cafeteria Sound System audio feed. The Gymnasium sound system shall be capable of 
accepting auxiliary input from the Cafeteria sound system. Both systems shall be capable of using all 
speakers of both systems in a combined mode.  
 

6. Provide interface to fire alarm system to mute local sound system upon activation of fire alarm 
system.  
 

7. Provide interface to Public Address/Intercom system to override/mute the local sound system 
during an “All Call” announcement from the public address/intercom system.  
 
B. Scope of Work:  
 

1. The intent of this specification is to provide a complete and satisfactory operating system for 
the pickup, amplification, distribution, and reproduction of voice and/or audio program material. The 
system shall be of modular design to facilitate both expansion and service and shall be completely 
transistorized. All equipment and installation material required to fulfill the above shall be furnished 
whether or not specifically enumerated herein.  
 

2. Work shall include the furnishing of all labor, material tools, and system de-scribed in these 
Specifications and shown in the system described in these Specifications and shown in the drawing. The 
work shall include, but not be limited to:  
 

a) Installation of equipment rack, cabinet.  
b) Internal wiring of rack.  
c) Installation of speakers.  
d) Wiring of all speakers.  
e) Installation of microphone jacks and wire.  
f) Making equipment function as intended.  
g) Install priority override relays from the building intercom to seize the local speakers during an 
emergency all call.  
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h) Spectrum analysis and tuning of the system  
i) Documentation of functions and wiring.  
j) Documentation  

 
3. Upon completion of the work, the contractor shall submit all as built drawings, including system 

single line block diagrams and wiring diagrams including all speaker line, microphone, rack 
interconnection, cabling, relay wiring and function and adjustment settings.  
 

4. Sound Contractor shall also provide a complete set of manufacturer’s specification sheets on 
all major items of equipment, including operating instructions, where relevant.  
 

5. Additionally, the Sound Contractor shall provide two 1-hour training sessions of in-service 
training with the system. Training shall thoroughly familiarize owner’s representative with all aspects of 
the system operation.  

 
1.2 RELATED SECTIONS 

 
A. Specification Section 275123 – Intercommunications System  

 
B. Specification Section 275313 – Clock System 

 
 
1.3 SUBMITTALS  
 

A. Specification Sheets shall be submitted on all items including cable types.  
 

B. Submit outline drawing of system control cabinet showing relative position of all major compo-
nents.  
 

C. Shop drawings, scaled, detailing sound system including, but not limited to, the following:  
 

1. Speaker mounted details and wiring arrangement  
 

2. Equipment cabinet detail drawing, equipment and rack elevation  
 

D. Submit wiring diagrams showing typical connections for all equipment.  
 

E. Submit a numbered Certificate of Completion for installation, programming, and service 
training, which identifies the installing technician(s) as having successfully completed the technical 
training course(s) provided by the system manufacturer.  
 

F. Provide a DVD of all As-Built drawings and O&M Documentation.  
 

G. Provide a complete block line drawing of the sound system with submittals of all equipment for 
review.  
 
1.4 QUALITY ASSURANCE  
 

A. All items of equipment shall be designed by the manufacturer to function as a complete system 
and shall be accompanied by the manufacturer's complete service notes and drawings detailing all 
interconnections.  

 
B. The contractor shall be an established communications and electronics contractor that has had 

and currently maintains a locally run and operated business for at least 5 years. The contractor shall be a 
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duly authorized distributor of Bogen and the other equipment supplied with full manufacturer's warranty 
privileges.  
 

C. The contractor shall show satisfactory evidence, upon request, that he or she maintains a fully 
equipped service organization capable of furnishing adequate inspection and service to the system. The 
contractor shall maintain at his or her facility the necessary spare parts in the proper proportion as 
recommended by the manufacturer to maintain and service the equipment being supplied.  
 

1. Contractor must have an employee on staff, throughout the term of the contract, with 
NICETAudio Level III certification and shall be required to provide the name of that individual on the bid 
form.  

2. Contractor shall have an employee on staff, licensed for the installation of low voltage wiring, 
and shall be required to provide the name of that individual on the bid form.  

 
3. Contractor is encouraged to have an employee on staff, throughout the term of the contract 

with a Registered Communications Distribution Designer (RCDD) professional rating as designated by the 
Building Industry Consulting Service International (BICSI)  
 
PART 2 - PRODUCTS   
 
2.1 GENERAL 
  

A. All materials specified herein shall be new and shall be the manufacturer’s latest design, 
permanently labeled with the model number and serial number. The products specified are distributed 
through:  

 
B. Provide intelligible, permanent identification on or adjacent to all controls; fuses and/or circuit 

breakers, connectors, receptacles, terminal blocks; amplifiers, equalizers, mixers, etc. The identification 
shall clearly indicate the function of the item and be numbered or lettered to correspond with the function, 
circuit, and/or locations, consistent with the field and shop drawings.  

 
C. All devices connected to the electrical system and all auxiliary equipment necessary for the 

operation of the equipment associated with systems specified, herein shall be designed to operate from 
105 to 130 volts, 60 hz alternating current service, with stable performance, fully in accordance with these 
Specifications, and shall have integral fuse or circuit breaker protection.  
 
2.2 SYSTEM COMPONENTS  
 

A. The rack-mounted mixer/pre-amplifier(s) shall be the Bogen Model CAM8PRO or approved 
equal. The frequency response shall be 20Hz to 20kHz, +/- 1dB. Power requirements shall be 18V AC 
center-tapped, 21V AC/120V AC at 60 Hz. The unit shall utilize an external power supply. The unit shall 
measure 19” W x 1-3/4” H x 6” D, weigh 7 pounds, and be rack-mounted in a standard rack or placed on 
a flat surface. The unit shall have 8 inputs, each with Main/Aux output selector, Gain/Trim Control, Input 
Level Control knob, low-cut Filter, and MIC/Line switch. The unit shall have balanced inputs and outputs 
with an Output Level Control knob for Main and WCPS Aux outputs. The unit shall have an additional 
Auxiliary output. The MIC inputs shall have switchable Phantom Power (+ 15VDC) for condenser 
microphones. The AM8PRO shall include a Compressor/Limiter with adjustable Threshold and Ratio 
Controls, an LED Bar Graph Output Meter, and a Bypass switch. It will also include a Headphone Output. 
Supply the necessary units for the inputs required, and allow a 25% operational expansion capability. 

  
B. The Cafeteria Amplifier shall be a Bogen Pro Audio Apogee CA-2000, The Gym Amplifier 

shall be a Bogen Pro Audio Apogee CA-4000, 635 watts @ 4 ohms, 395 watts @ 8 ohms, or ap-proved 
equal. Frequency response for all models shall be 7hz to 50kHz, +/- 1 dB with a high pass filter, 18dB 
(Octave) 50hz +/- 3 dB. It shall have THD+Noise @ 1k Hz full power < 0.03%, and a dampening factor of 
1kHz @ 8 ohms > 300. All models shall include XLR input connect-ors, and have binding posts for output 
connectors. The amplifier shall have ¼” balanced stacking outputs (tip-ring sleeve phone types). Input 
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CMRR/ Ref. Max. Power: >60dB @ 1kHz. Input sensitivity / impedance shall be 0dB to 22k. It shall 
have a signal presence indicator of –40dB. All models shall include clip indicators providing a –1.5dB 
indication before clip. All models shall have an anti-clip limiter that activates at 1% or 5%, configurable. 
The dimensions of the amplifier shall be 19” (483mm) wide by 3.5” (89 mm) high by 17.22” (437.5mm) 
deep, rack mountable. Provide amplifiers necessary to power the required speakers.  

 
C. The system shall include a Bogen, ProAudio, Apogee DLC24 Digital Loudspeaker 

Controller which includes a 12 band parametric equalizer for each channel, a digital delay circuit for each 
channel, and is capable of processing digital or analog signals. It shall be laptop programmable based on 
the particular type of Apogee speaker used. Provide Controllers as required for the project.  

 
D. The cafeteria/auditorium speakers shall be the Bogen Pro-Audio Apogee AFI-8W, or 

approved equal. The speaker shall be a passive two-way format, optimally vented bass system 
performing at 400 watts continuous, 1600 watt peak into 8 ohms. The frequency response shall be 46hz 
to 20khz @ +/- 3 dB. It shall have a dispersion of 90 degrees horizontal by 40 degrees vertical. The 
speaker shall contain a horn-loaded 2” (51mm) high frequency driver, and a 15” (381mm) high power 
woofer providing effortless output with excellent pattern control, and a solid low frequency response and 
low distortion. It shall have a maximum SPL @ 1m of 124dB continuous / 130 dB peak. The speaker shall 
be constructed of a multiply Baltic Birch wood with 5-way binding post connectors. It shall have a coated 
perforated metal grill, and painted in a textured high strength epoxy paint finish (optional colors available). 
The rigging hardware shall include 6 internal 16 gauge steel backing plates, which accepts ¼” – 20 thread 
with 10 total pick points. The speaker shall be passive 18” permanent magnet cone-type driver, input 
connector via barrier strip, screw type #8, highly durable, quality finish on perforated steel, fourteen 
rigging points, all backed with 3/8”-16 or M16 thread. Finish with textured high strength epoxy paint; other 
colors optional, multiply hardwood construction. Provide all necessary rigging as required.  

 
E. Provide a Loop Priority Kit to allow the intercom system control center override of the local 

sound system. Provide model LPC4MC.  
 
G. The CD/DVD player shall be a Denon Model DVD-1800BD Single Disc DVD / CD Changer or 

approved equal. Provide shelf in equipment rack and secure CD/DVD player to shelf.  
 
H The Hearing Assistance System shall be by Phonic Ear, or approved equal, and shall consist of 

the following components:  
 
1. The Base Station shall be Phonic Ear Model Number PE 550T or approved equal. It shall be 

mounted inside the amplifier cabinet. The base station shall operate in 72 mhz – 76 mhz band and shall 
be furnished with remote mounted antenna to cover a minimum of 1000ft. 

 
2. The Single Channel Receiver shall be Phonic Ear Model PE 300R or approved equal. It shall 

be for use by the listener with a standard Walkman-style headset Model AT541. Receiver must be 
capable of being clipped to a pocket or belt. Unit must be furnished with two AA rechargeable nickel 
cadmium batteries. A total of 4 receivers must be furnished for each project.  

 
3. The Battery Charger shall be a Phonic Ear Model 300C or approved equal. Unit must be 

capable of storing or recharging up to 12 receivers at one time. The charger must be capable of 
recharging the nickel cadmium batteries without removing the batteries from the receiver. A total of 4 
battery chargers must be furnished for each project.  
 
2.3 MICROPHONES AND MICROPHONE ACCESSORIES 
  

A. Furnish and deliver Quantity (2) low impedance, dynamic cardioid microphones with floor-
stands. The Microphone shall be a Bogen Model HDU250 type, or approved equal, with on/off switch 
and microphone holder. Microphones will be furnished with Bogen Model XLR25- 25’ micro-phone 
cables.  
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B. The microphone floor stands shall be the BogenSF4 or approved equal.  
C. RACK(for local sound system): Wall mounted equipment rack shall be an Atlas-Soundolier 

model 324-15 with lockable door, Atlas SD7-145-052 storage drawer, Atlas ACRL-191B rack mounted 
power module and necessary blank panels as required, or approved equal.  

 
D. Miscellaneous Equipment:  
 
1. The following connection devices or approved equals are acceptable as required herein:  
a. General purpose multi-pin (over 3) panel mounting connector: Amphenol MS-Series  
b. General Purpose multi-pin (over 3) cord connector: Amphenol MS-Series  
c. Microphone Level or Circuit Connectors:  

(1) Canon Model XLR-3-31 (panel)  
(2) Canon Model XLR-3-11 (cord)  
(3) Line Level or circuit connectors:  
(4) Canon Model XLR-3-32 (panel)  
(5) Canon Model XLR-3-1 2,1 1 (cord)  

d. The following cable termination devices, or approved equals shall be accept able as required.  
(1) Screw Type Barrier Blocks: TRW-Cinch 140,141,142  
(2) Line Control and Loudspeaker Level Circuits in equipment rack: Buchanan Terminal 
Blocks with Type SC terminals  
(3) Quick Connect Terminal (Punch) Blocks:  
(4) Siemens Model S66M450 with Model D10 Designation strip.  
(5) Size and provide cable as per manufacturers recommendations.  
 

A. Music Reproduction Systems: Each music reproduction system shall be equipped with an 
accessible connector/plate assembly, suitable for connection to an Owner provided stereo 
system. Provide in each room one (1) wall-mounted loudspeaker stereo connector plate 
assembly. Stereo connector plate shall be stainless steel and the connectors shall be push-to-
connect, spring-loaded wire retainer type, suitable for connection to a stereo system. Color-code 
the positive and negative connectors. Provide 16AWG stranded pair cable, West Penn 
#225/25225 or approved equal, for connection between loudspeakers and connector plate 
assembly. Refer to contract drawings for device locations and any additional electronic hardware 
and/or configuration requirements for the local music reproduction systems.  
 
B. Provide self amplified powered wall mounted loudspeakers for auxiliary line input from wall 
plate. Loudspeakers shall be furnished in Architect’s choice of black or off-white finish. Loud-
speakers shall be rated at 200 watts continuous, 800 watts peak, be equipped with a 12” low-
frequency driver and a high-frequency driver with 65 x 65 degree constant directivity horn. Mini-
mum loudspeaker frequency response shall be from 55Hz to 20kHz with a minimum sensitivity 
rating at 1watt/1meter of 98dB. Provide each wall-mounted loudspeaker with one (1) color-
matched Omni-mount WB-60.0, or approved equal, ball/socket pivot bracket; configured for bot-
tom mount and through bolted to loudspeaker enclosure. Attach brackets to wall structure 
according to manufacturer’s instructions. Provide Electro-Voice ELX series , Apogee APL or 
approved equal.  
 

PART 3 - EXECUTION  
 
3.1 INSTALLATION  

A. Maintain a competent supervisor and supporting technical personnel during the entire 
installation. Change of supervision during the project is not acceptable without prior approval from the 
owner.  

B. Furnish and install all materials, devices, components, and equipment required for complete, 
operational systems.  

1. Rack Equipment installation:  
a) Wire each rack as a unit to self-contained terminal strips.  
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b) Install all rack mounted equipment, devices, and materials in equipment rack in a 
logical, functional manner, demonstrative of signal flow within the respective system 
arranged for easy accessibility and convenient maintenance.  
c) Utilize existing Equipment Racks including retaining devices and protective covers for 
run sheets, elevation and single-line drawing.  
d) Run all microphone and line level wiring in the equipment racks on the equipment input 
side of the rack and all AC control, and speaker wiring on the output side of the rack.  
e) Install a full height outlet strip with not less than ten outlets ready to be served by its 
own branch circuit via a fourplex receptacle box at the base of the equipment rack.  
f) Provide a separate ground lead from each amplifier chassis and from each of the other 
items of equipment normally requiring grounding to the rack ground bus.  
g) Connect rack ground bus to isolated grounding buss by a single, green 12 TW 
stranded wire.  
h) Shielded cables shall be grounded exclusively to isolated grounding bus.  
i) Ground cable shields via a single path, tie to isolated grounding buss.  
j) Signal Ground provisions shall realize less than 0.15 ohms to the primary ground 
connection.  
 

2 Cluster Installation Procedures:  
a) Provide and install positioning and support elements for loudspeaker assemblies 
where required. All such provisions shall be attached to and be wholly contained within 
the areas designated.  
b) Arrange all cluster positioning and support devices so that the positioning of each 
loudspeaker assembly is independently adjustable in both the horizontal and vertical 
planes. Support elements for each of the loudspeaker cluster components shall be 
independent and designed with a live load safety factor of at least five (5).  
c) Verify that no cluster component or other loudspeaker assembly is subjected to stress, 
abrasion, or loading effects which could contribute to extraordinary failure.  
d) Eliminate all conditions causing noise, rattle, or other extraneous sounds resulting from 
the operation of a loudspeaker assembly under any operation condition.  
e) Provide protective, capacitors in series with each directly driven high frequency 
loudspeaker component.  

 
3 System Checking and Equalization  

a) Preliminary checks and testing shall be conducted by the Sound Contractor prior to 
performance testing. Such procedures shall verify and insure proper operation of all 
components, devices, or equipment, nominal signal levels within the system, and the 
absence of extraneous or degraded signals. Preliminary checks shall include verification 
or the following:  

(1) Proper grounding of devices and equipment. Proper provision of power to 
devices and equipment.  
(2) Integrity of all insulation, shield terminations and connections.  
(3) Integrity of soldered connections.  
(4) Absence of solder splatter, solder bridges, debris of any kind, tools, etc…  
(5) Integrity of signal and electrical system ground connections.  
(6) “Wire Checking” of all circuitry, including phase and continuity of all audio 
system distribution lines, with reference to running sheets, cable designation and 
submittal drawings.  
(7) Sound contractor shall determine the proper sequence of energizing the 
system to minimize risk of damage to any components.  
(8) After successfully energizing the system, the Sound Contractor shall make all 
preliminary adjustments, documenting the setting of all controls, parameters of all 
corrective networks, voltages at key system interconnection points, and device 
gains and losses, as applicable. All data shall be tabulated along with an 
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inventory of test equipment, a description of testing conditions, and a list of test 
personnel.  
(9) The Sound Contractor shall measure and record the unequalled or “raw” 
curve at no less than three sites in the reverberant field.  

 
3.2 GROUNDING  

A. Provide equipment grounding connections for Integrated 
Telecommunications/Time/Audio/Media System as indicated. Tighten connections to comply with 
tightening torques specified in UL Standard 486A to assure permanent and effective grounds.  
  

B. Ground equipment, conductor, and cable shields to eliminate shock hazard and to minimize 
the greatest extent possible, ground loops, common mode returns, noise pickup, cross talk, and other 
impairments.  
 

C. The contractor shall provide all necessary transient protection on the AC power feed and on all 
station lines leaving or entering the building.  
 

D. The contractor shall note in his drawing, the type and locations of these protection devices as 
well as all wiring information.  
 

E. The contractor shall furnish and install a dedicated, isolated earth ground from the central 
equipment rack and bond to the incoming electrical service ground buss bar.  
 
3.3 DOCUMENTATION  

A. Provide a DVD and a printed copy of all field programming for all components in system.  
 

B. Provide a DVD and one copy of all diagnostic software with copy of field program for each unit.  
 

C. Provide a DVD and one copy of all service manuals, parts list, and internal wiring diagrams of 
each component of system.  
 

D. Provide a DVD and aone copy of all field wiring runs, location and end designation of system.  
 
3.4 WARRANTY  

A. Provide a two (2) year warranty from date of final acceptance by Owner.  
 

END OF SECTION 275124 
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SECTION 27 51 29 – AREA OF REFUGE SYSTEM 

PART 1 - GENERAL 

1.1 The Contractor shall furnish and install all ADA 100 Area of Refuge System equipment 
including, but not limited to, outlet boxes, conduit, wiring, telephones, Master Station and Area 
Stations as shown on the plans, and all other equipment necessary to provide a complete and 
operating Area of Refuge system for the Sharpsburg Elementary School Project. Equipment 
furnished under the terms of this specification shall be the standard product of a single 
manufacturer.  

1.2 Housing Devices Inc., 407 R. Mystic Avenue, Medford, MA 02155 (800-392-5200) shall be 
considered as Basis of Design. If the alternate system fails to provide all the requirements 
specified in this document, the Contractor shall be responsible for all costs associated with the 
removal and replacement of said equipment. 

A. The system shall be vandal resistant, manufactured of 16 gauge (0.062) 304 stainless steel and 
comply with the Americans with Disabilities Act sections 4.3.11.4 and 4.3.11.5. 

B. The Master Station and Area Stations shall be custom engraved (not silk screened or stamped). 

C. The Area Station shall have a large domed, stainless steel engraved “3” diameter momentary 
pushbutton with the words, “PUSH FOR HELP” backfill painted in bright red. Said button shall 
be “heavy duty” and the surface engraving shall be deep enough to withstand extreme 
conditions. It shall be activated with a minimum of effort and engineered so that it may be 
depressed from any angle for ease of use provided. No other hardware shall protrude from the 
station as high as the pushbutton. 

D. The system shall be modular and expandable to include future Area Stations. 

E. The wire shall be 7 conductor 3 pair + one conductor 20 AWG with an overall shield HDI part 
#HDI ADA-S. 

1.3 SUBMITTALS 

A. Data sheets on all equipment shall be provided. 

B. Internal control cabinet drawings showing internal block diagram connections shall be provided. 

C. Wiring diagrams showing typical field wiring connections shall be provided. 

1.4 QUALIFICATIONS 

A. The Contractor shall be from an established business that has been operating in the area for a 
minimum of five years. 

B. The Contractor shall show evidence that he maintains a service organization and parts 
inventory to adequately support the supplied equipment. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

AREA OF REFUGE SYSTEM 275129 - 2 of 7 

1.5 MAINTENANCE SERVICE 

A. The Contractor shall provide a one year guarantee of the installed system against defects in 
material and workmanship. All contractor labor and materials shall be provided at no expense to 
the Owner. Guarantee period shall begin on the date of acceptance by the Owner or Engineer. 

B. The System Manufacturer shall warranty the installed system’s components against defects in 
material and manufacturer’s workmanship for a period of one year from date of the system’s 
shipment from the Manufacturer to the Contractor, Owner, Engineer or other specified receiving 
authority. Replacement or repair of system components only (job-site labor not included) shall 
be at the Manufacturer’s discretion and provided at no expense to the Owner (shipping costs at 
other than standard ground rates will be the Owner’s responsibility). 

1.6 QUALITY ASSURANCE 

A. The Contractor shall currently maintain a locally run business for a minimum of five years and 
shall be an authorized distributor of the supplied equipment with full warranty privileges. 

B. The Contractor shall maintain at his facility the necessary spare parts in the proper proportion 
as recommended by the equipment Manufacturer to maintain and service the equipment being 
supplied. This facility shall be available for inspection by the Engineer. 

C. The supplying Contractor shall have attended the Manufacturer’s installation and service school 
or have been authorized by the Manufacturer to install the equipment. 

D. The Contractor shall furnish Manufacturer’s manuals of the completed system including 
individual specification sheets, schematics, inter-panel and intra-panel wiring diagrams. In 
addition, all information necessary for the proper operation of the system must be included. Any 
bidder using other than the specified equipment must provide this information prior to bidding. 

E. As built drawings that include any changes to wiring, wiring designations, junction box labeling 
and any other pertinent information shall be supplied upon completion of project. 

1.7 IN SERVICE TRAINING 

A. The Contractor shall furnish training with the system. These sessions shall be broken into 
segments that will facilitate the training of individuals in operating the Master Station as well as 
Area Stations. Operating manuals and users guides shall be provided at the time of the training. 

1.8 WIRING: 

A. System wiring shall be in accordance with good engineering practices as established by the EIA 
and NEC. Wiring shall meet all established state and local electrical codes. All wiring shall test 
free from shorts and grounded as specified. 

B. System wiring shall be accomplished using labeled, captive screw, plug-in connectors and 20 
AWG shielded twisted pairs for all connections. 
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1.9 BASIC SYSTEM OPERATION 

A. When the system is in normal operating mode, the Master Station shall display an illuminated 
“green” LED system ready light indicating the system is functioning and operating correctly. 
When operated, the system shall provide two-way audio and visual communications between 
the Master Station location and each Area Station initiating a request for help. Communication 
at each Area Station shall be hands-free after initial contact from the Area Station. 

B. When a “call for help” is placed by an Area Station, the system shall initiate audio and visual 
alarms at both the Master Station and each of the affected Area Stations. The audible alarm 
shall be at least 90 decibels and the visual display shall be indicated by a SuperBrite® LED light 
and surface engraved or attached engraved location name (ID) directory of the calling Area 
Station. 

C. Communication is established by simply answering via the Master Station. When 
communication is completed and the Master Station communication link has been broken, the 
LED display will continue to show the Area Station location (ID) until the system has been reset 
at the Master Station. 

D. When a “call for help” is placed by an Area Station, several indications must be provided at the 
Area Station to assure the caller that the call is being processed. After pressing the 3” “PUSH 
FOR HELP” call button the caller will be provided with both an audio and visual confirmation. A 
“HELP REQUESTED” LED shall illuminate and an alarm will sound at both the Area Station and 
the Master Station. When the security attendant at the Master Station has answered the call, 
the “HELP COMING” LED will illuminate and the security attendant’s voice can be heard 
through the speaker at the Area Station. Full two-way voice “hands-free” communication shall 
be provided at the Area Stations. The caller simply talks in the direction of the Area Station 
speaker, which acts as a microphone and enables the caller’s voice to be reproduced at the 
Master Station. Upon completion of the call, a LED on the Area Station indicating “HELP 
COMING” shall remain illuminated, providing visual indication that the “HELP REQUESTED” 
LED is acknowledged from the Master Station. The LED will not extinguish until building 
personnel have reported to the Area of Rescue Assistance and the system has been reset. 
Resetting the system shall be accomplished by turning a momentary key switch at the Master 
Station. The system shall also incorporate a momentary key switch at the Area Station if 
required (optional). 

PART 2 - PRODUCTS 

2.1 The installation shall include a supervised based Area Station communication system consisting 
of a Master Station capable of handling any number of Area Stations. The system shall be 
equipped for the number of stations shown on floorplans and have capacity for future 
installations if desired. 

2.2 MASTER STATION 

A. The Master Station shall be constructed of 16 gauge (0.062) 304 stainless steel. The station 
faceplate shall be 11”W x 11”H (larger for systems with more than 5 Area Stations), be capable 
of surface or flush mounting and utilize tamper proof mounting hardware. It shall include the 
following: 

1. Panel capacity for the specified number of Area Stations. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

AREA OF REFUGE SYSTEM 275129 - 4 of 7 

2. Two 7/16” diameter flat metal buttons (“TALK”, “LISTEN”) per Area Station to initiate and 
respond to a request for assistance from each specific Area Station in the system. 

3. When in standby mode, a “green” LED shall be illuminated to indicate the system is 
operational. Depressing the “TALK” button shall illuminate a “HELP COMING” LED at the 
respective Area Station, silence the piezoelectric alarm, and open up two-way voice 
communication between the Master Station and Area Station(s). 

4. Two SuperBrite® colored LEDs per Area Station to visually indicate “HELP 
REQUESTED” (red LED) or a line fault (amber LED) for each specific Area Station in the 
system, and to indicate that a fault has occurred at a particular Area Station(s), wiring 
between Area Station(s) and Master Station, or other system components shall be 
provided. 

5. A piezoelectric alarm shall generate a 90 dbA signal sounding through the Master Station 
to aurally indicate “HELP REQUESTED” from an Area Station. 

6. An audio confirmation signal shall be generated from the Master to the Area Station to 
acknowledge the request for assistance. 

7. Acknowledgement of the “HELP REQUESTED” call from the Area Station to the Master 
Station shall also be indicated at the Area Station by the illumination of a red LED (“HELP 
COMING”) on the Area Station. 

8. The system shall be able to provide an optional set of N/O dry contacts (if specified) for 
connection to a secondary Master Station, paging system, fire alarm system, or other 
optional devices such as a DTMF telephone dialer or PBX telephone system. All 
communication between Master Station or DTMF telephones shall be non-blocking. 

9. The system shall have the capability to add Master Stations and sub-annunciator panels 
as specified. 

10. It shall be possible to redirect “HELP REQUESTED” calls to a secondary Master Station, 
PBX system or other outside telephone if there is no answer at the primary Master 
Station. 

11. Provide battery backup capable of sustaining equipment for 90 minutes under normal 
operating conditions, and 24 hours in standby mode. 

2.3 AREA STATIONS 

A. The Area Station assembly shall be constructed of 16 gauge (0.062) 304 stainless steel. The 
station faceplate shall be 9”W x 9”H, be capable of surface or flush mounting and utilize tamper 
proof mounting hardware. The faceplate shall have the following features: 

1. A large 3” diameter domed stainless steel momentary pushbutton surface engraved and 
backfill painted in bright red the words “PUSH FOR HELP”. It shall be activated with a 
minimum of effort and engineered so that it may be depressed from any angle for ease of 
use provided. No other hardware shall protrude from the station as high as the 
pushbutton. 

2. Two “SuperBrite®” red colored LEDs shall visually indicate and confirm request status to 
the caller with the words “HELP REQUESTED” and “HELP COMING” surface engraved 
and backfill painted as labels next to each LED. 
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3. A 3” mylar 45 ohm speaker shall be provided. 

4. A piezoelectric alarm shall generate a 90 dbA signal sounding through the Area Station to 
aurally indicate “HELP REQUESTED” from an Area Station. 

5. An optional momentary type keyed reset switch shall also be provided, if required. The 
reset switch will provide the means to reset the “HELP COMING” LED at the Area Station 
and also reset the corresponding area’s red LED on the Master Station in order to ensure 
response by building personnel to the caller at the Area Station. 

6. Braille Instructional Signs (optional) shall be provided for each Area Station. Signs shall 
be tactile lettering & rastor braille with tamper proof mounting hardware. Text shall 
conform with the Americans with Disabilities Act Sec. 40.30.4 for text size and style, be in 
Braille and English, and read: “FOR ASSISTANCE PUSH 3 INCH HELP BUTTON”. 
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PART 3 - CABLES 

3.1 All cable shall be as recommended by the manufacturer on an approved equivalent. All Area 
Station wiring must be home run with individually jacketed cable. 

3.2 Area Station wiring shall be 7 Conductor (3) 20AWG overall shielded twisted pair + 1 conductor. 
Recommended wire HDI ADA-S or equal. 

3.3 Master Station wiring shall be 7 Conductor (3) 20AWG overall shielded twisted pair + 1 
conductor. Recommended wire HDI ADA-S or equal. 

3.4 Three (3) 20AWG conductors for each Area Station are also required. Recommended wire HDI 
ADA-S or equal. 

3.5 All cables run in underground conduits must be suitable for wet locations and appropriately 
grounded as per EIA and NEC recommendations. See wiring diagrams for details. 

PART 4 - INSTALLATION 

4.1 Complete system shall be installed in strict accordance with manufacturer’s recommendations. 

4.2 All wiring shall be installed in raceways where routed through ceiling areas. 

4.3 Master Station and Area Station mounting shall be in accordance with the ADA 
recommendations and specifications. 

PART 5 - INSPECTION AND TEST UPON COMPLETION 

5.1 System field wiring diagrams shall be provided to the Contractor by the system Manufacturer 
prior to installation. 

5.2 Upon completion of the installation, four (4) copies of complete operational instructions shall be 
furnished, complete with record drawings. Instructions shall include part numbers and name, 
address, and telephone number of parts source. 

5.3 Upon completion of the installation of the equipment, the Contractor shall provide to the 
Engineer a signed statement that the system has been wired, tested, and functions properly 
according to the specifications. 

5.4          Nothing herein contained shall be construed to relieve the Contractor from furnishing a 
complete and acceptable electrical wiring system in all its categories. The Engineer will reject 
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any materials or labor which are or may become detrimental to the accomplishment of the 
intentions of these specifications. 

END OF SECTION 275129 
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SECTION 27 53 13 CLOCK SYSTEM 
 
PART 1 – GENERAL 

 
1.1       GENERAL REQUIREMENTS & SCOPE 

 
A.  Furnish and install a complete new wireless clock system using Bogen, Inc. wireless system. 

 
B.  All bids shall be based on the equipment as specified herein.  The catalog numbers and 
model designations are that of Bogen, Inc. The specifying authority must approve any alternate 
system. 

 
C.  Bidders wishing to submit alternate equipment shall submit to the specifying authority, at 
least ten (10) days prior to bid opening, the equipment proposed to provide a precise functional 
equivalent system to meet specifications.  Bidder shall provide adequate information prior to 
bid date such as specification sheets, working drawings, shop drawings, and a 
demonstration of  the system. Alternate supplier-contractor must also provide a list to include 
six (6) installations of the identical system proposed which have been in operation for a period 
of two (2) years. 

 
D.  Final approval of the alternate system shall be determined at the time of job completion.  
Failure to provide the “precise functional equivalent” shall result in the removal of the alternate 
system at the contractor’s expense. 

 
1.2       RELATED SECTIONS 

 
A.   Specification Section 275123 – Intercommunications System 

 
B.   Specification Section 275124 – Sound Systems 

 
1.3       SUMMARY 

 
A.    This Section addresses the needs and requirements of the wireless clock system.  It  
includes requirements for the wireless clock system components including, but not limited to, 
the following: 

 
1.         Wireless Transceiver 
2.         Wireless Repeater 
3.         Secondary Analog Clock 

 
1.4       SYSTEM DESCRIPTION 

 
A.      General:  Furnish and install all equipment, accessories, and materials in accordance 
with these specifications and drawings to provide a complete and operating wireless clock 
system. 

 
B.      Provide analog dial type clocks in each instructional area, cafeteria, main office and 
other areas indicated on drawings. Provide double face analog dial type clocks in the center of 
each corridor. 

 
1.5       SUBMITTALS 

 
  A.    General: Submit the following in accordance with Conditions of Contract Sections: 
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1.     Submit equipment prints, full electronic wiring diagrams and specification sheets for 
each item specified herein.  Provide a tabulation of the specification clearly comparing the 
submitted item with the specified item, being able to refer to all written expressed functions 
and capabilities.  Specification sheets shall be submitted on all items.   Shop drawings 
detailing wireless clock. 

 
2.     Wiring diagrams, detailing wiring for power, signal, and control. 

 
3.     Submit wiring diagrams showing typical connections for all equipment. 

 
4.     Submit a certificate of completion of installation and service training. 

 
1.6       QUALITY ASSURANCE 

 
A.    All items of equipment shall be designed by the manufacturer to function as a complete 
system and shall be accompanied by the manufacturer’s complete service notes and 
drawings detailing all interconnections. 

 
B.    The contractor shall be an established communications and electronics contractor that 
has had and currently maintains a locally run and operated business for at least three (3) 
years.   The contractor shall utilize a duly authorized distributor of the equipment supplied 
for this project location with full manufacturer’s warranty privileges. 

 
C.    The contractor shall show satisfactory evidence, upon request, that the supplier maintains 
a fully equipped service organization capable of furnishing adequate inspection and 
service to the system.   The supplier shall maintain at his facility the necessary spare 
parts in the proper proportion as recommended by the manufacturer to maintain and service 
the equipment being supplied. 

 
D.    Electrical Component Standard:  Provide work complying with applicable requirements of 
NFPA 70 “National Electrical Code” including, but not limited to: 

 
1.         Article 250, Grounding. 
2.         Article 300, Part A. Wiring Method. 
3.         Article 310, Conductors for General Wiring. 
4.         Article 725, Remote Control, Signaling Circuits. 
5.         Article 800, Communication Systems. 

 
E.    Installation and startup of all systems shall be under the direct supervision of a local 
agency regularly engaged in installation, repair, and maintenance of such systems. The 
supplier shall be accredited by the proposed equipment manufacturers. 

 
F.    The agency providing equipment shall be responsible for providing all specified 
equipment and mentioned services for all equipment as specified herein.  The agency must be 
a local authorized distributor  of  all  specified  equipment  for  single  source  of  responsibility  
and  shall  provide documents proving such.  The agency must provide written proof that the 
agency is adequately staffed with factory-trained technicians for all of the specified equipment.  
The agency must have established business for and currently be providing all services for the 
equipment. 

 
G.     The contractor shall guarantee availability of local service by factory-trained 
personnel of all specified equipment from an authorized distributor of all equipment specified 
under this section. Maintenance shall be provided at no cost to the purchaser for a period of 
one (1) year (parts and labor) from date of acceptance unless damage or failure is caused by 
misuse, abuse, neglect, or accident. Additionally, all manufacturer supplied products must be 
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covered by three (3) year (parts only) limited warranty from the date of acceptance. The 
warranty period shall begin on the date of purchase by the owner/engineer. 

 
H.      The contractor shall, at the owner’s request, make available a service contract offering 
continuing factory authorized service of the system after the initial warranty period. 

 
I.       The supplier shall visit the sites and familiarize himself with the existing conditions 
and field requirements prior to submitting a proposal for BCAL clocks. 

 
J.      The  contractor  is  responsible  for  all  cost  associated  with  proper  installation,  
termination, configuration, programming, impedance and load matching of all system 
components. 

 
K.      The contractor shall provide all necessary masonry, covering, patching, and painting 
work in order to render any residue of the existing central equipment invisible.  All finished 
surfaces shall be chosen in consultation with the Owner, to assure that the Owner’s aesthetic 
preferences have been adhered to. 

 
1.7       DELIVERY, STORAGE, AND HANDLING 

 
A.    Deliver products in factory boxes.  Store in clean, dry space in original boxes.  Protect 
products from fumes and construction traffic. Handle carefully to avoid damage. 

 
1.8       IN-SERVICE TRAINING 

 
A.      The contractor shall provide training with this system.   These sessions shall be 
broken into segments that will facilitate the training of individuals in the operation of this 
system.   Operators Manuals and Users Guides shall be provided at the time of this training. 

 
PART 2 – PRODUCTS 

 
2.1       MANUFACTURERS 

 
  A.      The manufacturer shall be: 

 
Bogen Communications, Inc. 
50 Spring Street 
Ramsey, NJ, 07446 
Phone: 201-934-8500 

 
B.    The new wireless clock systems shall be a Bogen Wireless Clock System. 

 
C.    The intent of this specification is to establish a standard of quality, function and features.  
It is the responsibility of the bidder to insure that the proposed product meets or exceeds every 
standard set forth in these specifications. 

 
D.    The functions and features specified are vital to the operation of this facility, 
therefore, the acceptance of alternate manufacturers does not release the contractor from strict 
compliance with the requirements of this specification. 

 
E.    The Contractor for this work shall be held to have read all of the Bidding 
Requirements, the General Requirements, and the contract documents; and in the execution of 
this work, he will be bound by all of the conditions and requirements therein. 

 
F.    The contractor shall be responsible for providing a complete functional system 
including all necessary components whether included in this specification or not. 
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G.    In preparing the bid, the bidder should consider the following: 

 
1.     No claim will be made against the owner for any costs incurred by the bidder for any 
equipment demonstrations which the owner requests. 

 
H.    Any prior approval of an alternate system does not automatically exempt the supplier 
from the intent of these specifications. Failure to comply with the operational and functional 
intent of these specifications may result in the total removal of the alternate system at the 
expense of the contractor. 

 
I.      Alternate equipment shall be considered if submitted to the specifying authority at least 
ten (10) days prior to bid date.  Submission of an alternate shall contain an original draft 
point by point comparison of the submitted product relative to the requirements of this 
specification, engineering drawings of the system, and specification sheets covering all 
components of the system as well as all items of Section 1 “SUBMITTALS”. The system and 
equipment drawings and specification sheet shall meet all items of the specification. 

 
J.     Proposed alternate equipment shall be accompanied by a letter from the manufacturer 
clearly stating that they have read the specifications, have listed differences between their 
product and the specified product, and commit to meet or exceed the specified requirements 
herein. 

 
K.    All proposed alternate systems must comply with Section 2.1, letters H and I above.  
Submissions failing to comply with the aforementioned requirement shall be deemed as non-
compliant. 

 
2.2       SYSTEM REQUIREMENTS 

 
A.    Wireless analog and/or digital clock system with interface capability to GPS, network, 
internet and existing systems such as: 58 minute, 59 minute, National Time sync-wire, once 
a day reset, 2- wire digital communication and RS485 communication. 

 
2.3       SYSTEM 

 
A.    The system can work as a stand-alone system or in conjunction with an existing wired 
system and the system shall have interface capability to GPS, network, Internet and existing 
systems such as:  58 minute, 59 minute, National Time, once a day reset, 2-wire digital 
communication and RS485 communication. 

 
B.    The wireless clock system shall intergate into the Bogen Multicom 2000 intercom system 
to allow synchronization on the wireless clock transmitter, and the intercom system built in 
master clock. 

 
C.    The wireless transmitter shall connect to the local area network, allowing access to the 
national atomic clock web site for automatic time corrections.  Supply model BCTR-200-056-
1  wireless transmitter. Supply model BCTR-100-000-1 wireless repeater, where required. 

 
D.    The system shall be designed to work in an environment where cabling options are not 
available. The system shall be capable of working in 915-928 MHz frequency-hopping 
technology. The system shall be capable of automatic transmission of data along 51 
alternating frequencies that allows for an enhanced signal, even if there is interference in one of 
the frequencies. 

 
E.    Each clock in the system shall be capable of receiving and transmitting the wireless signal 
which allows it to be used as a repeater while boosting the data stream and sending along the 
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system. With this dual capability there shall be no limit on the number of clocks that can be 
used in the installation.  The clock shall be designed to automatically work together without 
interference with each other.  The system shall be capable of increasing the quality of the 
signal while increasing the quantity of the clocks.  The analog clock shall be capable of 
working with Two (2) Durcell Procell D cell batteries or as required; the clock receives and 
transmits time every four (4) hours. Supply 12-inch analog clock BCAL-1BS-12R-0, and 16-
inch analog clock model BCAL-1BS-16R-0. Provide 16-inch clock guard in the Gym or Athletic 
Areas, model number BCAG-1500. 
 
F.    The analog and the digital clock shall include automatic digital calibration for time 
base to minimize deviation from each other. 

 
G.    The analog clock shall have a built-in close-loop system that will allow the clock to 
detect the position of the hands and bring the clock to the right time even if the clock were 
manually or forcefully altered. 

 
H.    The analog clock shall have the capability for diagnostic function that will allow the user 
to view the quality of the signal, how long since the last time the clock received a signal, 
as well as functional tests of the electronics and the gears. 

 
I.      The system shall operate in a license-free frequency range where no license is required. 

 
2.4       FCC APPROVAL 

 
A.    This equipment has been tested and found to comply with the limits for a Class B digital 
device, pursuant to Part 15 of the FCC rules.  These limits are designed to provide reasonable 
protection against harmful interference in a commercial installation.  This equipment 
generates  uses and can  radiate  radio  frequency energy and,  if  not  installed  and  used  in  
accordance  with  the instructions, may cause harmful interference to radio communications.   
However, there is no guarantee that interference will not occur in a particular installation. If 
this equipment does cause harmful  interference  to  radio  or  television  reception,  which  
can  be  determined  by  turning equipment off and on, the user is encouraged to try to correct 
the interference by one or more of the following measures: 

 
1.         Reorient or relocate the receiving antenna. 
2.         Increase the separation between the equipment and receiver. 
3.         Connect the equipment to an outlet on a circuit different from that to which the receiver 
is connected. 
4.         Consult the dealer or an experienced radio/TV technician. 

 
2.5       PRODUCT 

 
A.      Transmitter/Transceiver:    The  Master  Clock  /  Transmitter  shall  be  the  Bogen  
BCTR  200 Transceiver. The transmitter shall be capable of transmitting data to the BCAL 
wireless analog clock and the SBL wireless digital clock. The transmitter shall be capable of 
receiving a signal from an atomic clock web site via the Internet. The transmitter will be capable 
of receiving signals from all Bogen Master Clocks via RS485, as well as 59 minute correction, 
58 minute correction, National Time and Rauland, and Dukane. The transmitter shall have the 
capability of transferring a wired system into a wireless system. The transmitter shall have a 
programmable auxiliary relay and shall be programmed anywhere from 1—99 seconds. 
Upon utilization of the relay, the transmitter will be capable of interfacing with a once a day 
closure or interfacing with intercom systems. The transmitter shall be capable of acting as a 
repeater while receiving a signal wired or wirelessly from the main transmitter. The time base 
shall be temperature controlled allowing calibration of the time base during temperature 
changes. The transmitter will have two (2) switches for operation of the menu system. The 
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transmitter shall be capable of interfacing with the SAM Series analog clock via the Converter 
Box, and the SRM Series analog clock and SBD 1000 digital clock via RS485. The 
transmitter shall utilize 915–928 MHz frequency–hopping technology. The transmitter shall 
be FCC compliant, part 15 Section 15,247.   The transmitter shall connect to the local 
WCPS network for access to the internet for Atomic web site time correction. 

 
B.      Repeater (if required):  The repeater shall be a Bogen Wireless Repeater. The BCAL 
100 shall wirelessly transmit and receive data. The repeater shall be capable of transmitting 
to the BCAL wireless analog clock and the SBL wireless digital clock. The repeater shall 
work on 915–928 MHz frequency–hopping technology. The repeater shall wirelessly transmit 
and receive data. The repeater is to have a maximum antenna size of seven (7) inches. The 
repeater shall have an RF input sensitivity of –103 dbm. The repeater is to have a RF power 
output of 27 dbm. The voltage input for the repeater shall be 110 volts/60 Hz or 220 volts/50 
Hz. The repeater shall have three (3) knockouts with a diameter of 7⁄8”. The case shall be 
a compact, smooth surface metal enclosure.  The repeater is to weigh 3.5 pounds. The 
repeater shall be FCC Compliant, part 15 Section 15,247. 

 
C.      Analog Clock:  The secondary clock shall be Bogen BCAL Series, 12”, wireless 
clocks, unless otherwise noted. The clock will be capable of receiving a signal from multiple 
clocks. The clock shall receive and transmit with 915–928 MHz frequency–hopping 
technology. The clock is to be capable of transmitting the time simultaneously without 
interfering with each other. The clocks shall include automatic calibration, as well as a 
diagnostic function that allows the user to view the quality of the signal, the last time the clock 
received a correction signal, a gearbox test and a comprehensive analysis of the entire clock. 
The clock shall have a maximum correction time of five (5) minutes. It shall be designed to 
be used with the Bogen Transceiver or the Bogen Repeater, which can be regulated via 
Bogen wireless communication protocol. Upon receipt of the wireless signal, the clock will 
immediately self–correct. The clock shall have a semi–flush smooth surface ABS case. The 
dial is to be made of durable polystyrene material. The crystal is to be shatterproof, side 
molded   polycarbonate. Glass and visible molding marks are unacceptable. The clock shall 
have black hour and minute hands as well as a red second hand. The clock shall be FCC 
compliant, part 15 Section 15,247. 

 
D.      Any clock in a gymnasium or multipurpose room area shall be 16” and have a wire guard.  
Guard model BCTR-100-0056. 

 
E.      Bi-directional corridor clocks shall be model BCAL-1BD-12R-0, if required. 
 

  F.      Provide one spare clock for each type used in the facility. 

2.6       EXAMINATION 
 

A.      Examine conditions, with the Installer present, for compliance with  requirements and  
other conditions affecting the performance of the wireless clock system. 

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

PART 3 – EXECUTION 

3.1       INSTALLATION 
 

A.      General:  Install system in accordance with applicable codes.  Install equipment in 
accordance with manufacturer’s written instructions. 

 
B.    Wiring Methods: 
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1.         Conceal wiring except in unfinished spaces. 
 

2.         All new wiring on this  project must be  properly rated, using plenum  cable,  for  the 
application. 

 
3.         Cable to the new devices at new locations shall be installed in a neat and 
workmanlike manner, following the standard procedures used in the electrical contracting trade. 

 
4.         Exposed wiring will not be permitted under any circumstances on this 
project. 

 
5.         Any wiring, which is considered sloppy by the Engineer, shall be strictly 
unacceptable. 

 
 

6.         Upon installation completion, a room-by-room test shall be conducted for every device 
in the system.  A technician shall perform the test after school hours, and repairs shall be 
performed as needed at no cost to the Owner to any devices, which do not function 
correctly, including cable.   A written room-by-room report following testing and repairs shall 
be prepared and submitted to the Engineer. 

 
3.2       FIELD QUALITY CONTROL 

 
A.      Contractor Field Service:  Provide services of a service representative for this project 
location to supervise the field assembly and connection of components and the pre-testing, 
testing, and adjustment of the system. 

 
B.      Inspection: Make observations to verify that units and controls are properly labeled. 
 
C.      Testing:   Rectify deficiencies indicated by tests and completely re-test work affected 
by such deficiencies at the Contractor’s expense.  Verify by the system test that the total 
system meets the specifications and complies with applicable standards. 

 
3.3       COMMISSIONING 

 
A.    Train Owner’s maintenance personnel in the procedures and schedules involved in 
operating, troubleshooting, servicing, and preventative maintenance of the system.  Operators 
Manuals and Users Guides shall be provided at the time of this training. 

 
B.    Schedule training with Owner through the Architect, with at least seven (7) days advance 
notice. 

 
3.4       CLEANING AND PROTECTION 

 
A.     Prior to final acceptance, clean system components and protect from damage and 
deterioration. 

 

END OF SECTION 275313 

 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

DISTRIBUTED ANTENNA SYSTEM 27 77 00 - 1 of 11  

SECTION 27 77 00- DISTRIBUTED ANTENNA SYSTEM 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. 700/800 MHZ Antenna System 

1.2 SYSTEM DESCRIPTION 

A. Design Requirements  

1. Furnish and install and 700/800 MHz Emergency Radio Repeater System. 
2. The system must meet the requirements of Washington County, Maryland. 

a. Compliant Public Safety In-Building Two-Way Radio Communications 
Enhancement Systems Requirements. 

3. Include all labor, materials, equipment and services required for complete installation and 
related work as specified in this Section including (but not limited to) connection of all 
circuits, apparatus, and equipment required to deliver completely operable system to the 
owner, ready for use. 

4. Pathway will be provided from the existing donor antenna location to the system head 
end. 

5. System design shall take into account: 
a. External macro signals. 
b. Potential sources of interference. 
c. Actual billing construction materials. 
d. Expected traffic in every area and density will be provided to accommodate a 30% 

increase in capacity. 
6. BDA shall be located to minimize disruptions to other systems. 
7. Perform and provide a RSSI signal level map at the donor location and provide a detailed 

system design that will meet the coverage and capability requirements of the County. 
System shall be designed to provide better than 95 dBm coverage to no less than 95% of 
the structure. 

8. The system shall consist of an NFPA 72-2010, Chapter 24 and IFC 510.1 compliant 
Cobham D-MBR-3707-3708 PS-NFPA Digital multi-channel RF Signal Booster/DBA with 
a discrete distributed antenna system and donor antenna system. Areas that typically 
need to be evaluated for poor communications are below grade rooms, parking garages, 
elevators and areas surrounded by metal and/or concrete. Radio Repeater System shall 
support the city’s First Responder radio network frequencies. It shall operate at the Fire 
Command Centre and elevators, elevator lobbies, emergency and standby power rooms, 
standpipe hose connection locations, the building engineer’s office, mechanical rooms, 
elevator equipment rooms, fire pump rooms, areas of refuge, entries into required exit 
stairways, rooms containing the main electrical service disconnecting means, stair 
enclosures, penthouses, and basements shall also be transparent to communications 
signals. Amplifiers shall be powered by a dedicated uninterruptible power source (UPS) 
with a minimum backup  time of twelve (12) hours with all amplifiers at rated output. The 
UPS input circuit shall be a dedicated circuit and connected to the emergency/standby 
generator. The circuit shall be provided with a listed “lock on” device.  

B. Performance Requirements 
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1. Provide fully integrated and operational system capable of forward and reverse 

operations. 

a. Ensure overall performance of system does not interfere with local cable service 
provider’s operations. 

b. Provide each part of system complete in detail and operable in unison with all 
other sections, providing a completely installed television distribution system and 
connections as described in this Section. 

c. Provide all work, materials, and manner of placement in strict accordance with 
requirements of latest edition of National Electrical Code. 

d. Provide all materials listed as complying with available standards of Underwriter’s 
laboratories or other similarly established standards and carry their label. Apply all 
materials in strict accordance with Underwriter’s laboratories listing. 

e. All work described in this Section performed by Contractor or approved qualified 
subcontractor. 

f. The Radio Repeater System shall be FCC approved and amplify the county’s two-
way radio signals to provide adequate radio coverage throughout the building or 
structure for the first responders. 

g. The system shall be provided in accordance with the applicable International Fire 
Code and its amendments. 

h. Provide necessary donor antenna(s) on the roof level. 

i. All cable entry points shall be grounded and lightning arrestors shall be installed 
per R-56 standard. 

j. All equipment shall be grounded per R-56 standard. 

k. Provide fire rated coaxial cable with connectors from the roof level down to system 
head end equipment. 

l. Provide plenum rated ½ inch coaxial cable with connectors for all horizontal runs. 
All materials installed in the plenum including passive devices, hangers, and ties 
shall be plenum rated. 

m. Provide plenum rated fiber optic cable and connectors meeting manufacturer’s 
recommendations for all fiber runs. 

n. Fire stopping shall be installed at any new or existing firewall penetrations. 

o. All passive system components including but not limited to splitters, taps, 
directional couplers and indoor antennas shall support 700 MHz to 2500 MHz. 

p. All equipment and materials shall be installed according to manufacturers’ 
recommendations. 

q. All equipment and materials shall be new, not discontinued, and have at least a 
one year warranty. 
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r. All labor must be warranted for workmanship defects for a minimum period of one 
year. 

s. Installation shall be coordinated with the County Emergency Responders and 
County Public Schools to ensure their macro radio network is not disrupted. 

1.3 SYSTEM DESCRIPTION 

A. Product Data 

1. Submit manufacturer’s latest publication, part numbers and quantity listing of all supplied 
components: 

a. Splitters and Directional Couplers. 

b. Cable types. 

c. Amplifiers. 

d. Antennas. 

e. Roof mounted antennas. 

B. Shop Drawings 

1. Contractor shall submit original specification sheets or clear copies of the same on all 
items. Manufacturer’s name, make and model number shall appear on each sheet. 
Submittals shall be indexed and presented in a neat and logical order in a binder. 
Submittals shall contain installation, operation and programming manuals of the 
proposed equipment and systems to provide the Authority and Design consultant 
complete information as to system features, functions and capabilities 

2. The Contractor shall submit line drawings of all systems showing major components of 
the systems. Submit wiring diagrams showing typical connections for all systems and 
equipment. 

3. The Contractor shall submit to the Design consultant for approval, prior to the installation 
of any part of the video distribution system, design consultant drawings of the system 
showing the interconnections of all equipment with the designed video distribution system 
with calculated signal levels. Specification sheets covering all component parts of the 
system shall be submitted along with the design consultant drawings. The system and 
equipment as shown on the design consultant drawings and specification sheets shall 
meet all items of the specifications. 

4. System design documentation including design assumptions, power budgets, system 
block diagram, and floor plans showing cable routing, antenna locations, and equipment 
locations. 

5. Product data sheets for all electronic equipment, fiber and coaxial cable, splitters, 
couplers and antennas. 

6. Bill of materials including equipment and materials lead times. 
7. Four references for prior Public Safety in-building reinforcement system installations. 
8. Resumes for Design Engineer, Project Manager, and Installation Supervisor. 

C. As-Built Drawings 

1. Provide riser drawings of complete system including all device locations and cabling. 
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2. Provide 1/8” scale drawings in hardcopy and electronic format for review and acceptance 
by the Architect and Owner. 

1.4 QUALITY CRITERIA 

A. Qualifications 

1. All work in conjunction with this installation shall be in accordance with good design 
consultant practices. The installation shall be in accordance with the latest requirements 
of the National Electrical Code, State and local codes, ordinances and regulations of any 
other governing body having jurisdiction. 

2. The Contractor shall submit a list to include at least five of the Contractor’s Installation of 
the proposed Video Distribution systems, which have been in satisfactory operation for a 
minimum period of three years. 

3. All system equipment shall be limited to the products regularly produced and 
recommended for service ratings in accordance with design consultant data or other 
comprehensive literature made available and in effect at the time of bidding. 

4. The Contractor shall have been in the video distribution system integration installation 
business not less than 5 years prior to the bid date. 

5. The Contractor shall be an authorized distributor for the proposed equipment and system 
with full manufacturer’s warranty privileges. 

6. The Contractor shall maintain a complete inventory of all parts necessary for satisfactory 
service and maintenance of the proposed system. 

7. The Contractor shall provide equipment of one manufacturer for the system and bulletin 
board components of the video distribution system unless specifically approved in writing 
by the Design consultant. 

B. Regulatory Requirements 

1. Regulations, Standards and Publications: 

a. NFPA 72-2013 

a. 24.5.2 Two Way Radio Communications Enhancement Systems 

b. 10.5.1 System Designer 

c. 10.5.2 System Installer 

d. 10.5.3 Inspection, Testing and Service Personnel 

e. 10.6.7 / 10.6.7.3.1 Secondary Power Supply 

f 14.4.10 In-Building Emergency Radio Communications Systems (testing) 

g. A. 14.4.10 In-Building emergency radio communications systems testing 
annex. 

h. IBC 2015, Section 915 
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i. NFPA 70, “National Electrical Code” Articles 810 and 820 

j. ANSI/TIA – 568C “Telecommunications Standard for Pathways” 

k. IEEE Standard No: 205-2001 

l. BICSI Telecommunications Distribution Methods Manual (TDMM), Latest 
Edition 

2. System wiring shall be in accordance with good design consultant practices as 
established by the EIA and NEC. Wiring shall meet al established State and local 
electrical codes. All wiring shall test free from grounds and shorts. 

1.5 QUALITY ASSURANCE 

A. Conditions for Consideration of “Or Equal” Products: Where products are specified by name 
and accompanied by the term “or equal”, the proposed “or equal” product will be considered 
when the following conditions are satisfied. If all the following conditions are not satisfied, 
Design Consultant will return requests without action, except to record noncompliance with 
these requirements:   

1. Proposed product does not require extensive revisions to the Contract Documents. 

2. With the exception of the product name or number and manufacturer’s name, proposed 
product conforms with requirements indicated on the Drawings and in the Specifications 
in every respect and will produce indicated results. 

3. Proposed product is fully documented and properly submitted. 

4. Proposed product has received necessary approvals of authorities having jurisdiction. 

5. Proposed product is compatible with AND has been coordinated with other portions of the 
Work. 

6. Proposed product provides specified warranty. 

7. If proposed product involves more than one contractor, proposed product has been 
coordinated with other portions of the Work, is uniform and consistent, is compatible with 
other products, and is acceptable to all contractors involved. 

8. Submission is accompanied with detailed comparison of significant qualities of proposed 
product with those named in the Specification. Significant qualities include attributes such 
as performance, weight, size, durability, visual effect, and specific features and 
requirements indicated. 

9.  Submission is accompanied with a list of similar installations for completed projects with 
project names and addresses and names and addresses of design consultants and 
authorities, if requested. 

10. Submission is accompanied with proposed product’s Manufacturer signed written 
statement on Manufacturer’s letterhead, certifying that manufacturer complies with 
requirements in the Contract Documents. 

1.6 DELIVERY, STORAGE AND HANDLING 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

DISTRIBUTED ANTENNA SYSTEM 27 77 00 - 6 of 11  

A. Deliver all materials in good condition, store in a dry place, off ground, and keep dry at all times. 

B. Materials should be clearly marked with project name, number and Contractor’s name. 

C. If equipment is dropped and damaged, it is to be replaced at the contractor’s expense. 

1.7 WARRANTY 

A. The Contractor shall warrant the equipment to be new and free from defects in materials and 
workmanship and will, within two years from the date of acceptance, repair or replace all or any 
part of the equipment found to be defective. Warranty maintenance, shall be provided by the 
Contractor during normal working hours at no expense to the Authority. 

B. At the completion of the job and before final acceptance, the Contactor shall guarantee in 
writing that the systems are properly adjusted and shall warrant the systems free from defects 
for a period of two (2) years from the date of Final Acceptance by the Authority. In addition, the 
Contractor shall provide a guaranteed service response time of not more than 48 hours from 
the time of receipt of a trouble call. Service and maintenance during the two-year warranty 
period shall include all parts and labor and shall be at no additional cost to the Authority. 

1.8 AUTHORITY’S INSTRUCTIONS 

A. A comprehensive installation, operation, programming and instruction manual shall be supplied 
as part of the system. The manual shall provide complete service information, including 
schematics, layout drawings, and interconnecting diagrams showing the location of all the 
outlets, cable taps, cable routes, and other installed components. Include final “as built” one 
line system drawings. Include for this particular project parts lists to permit quick and efficient 
maintenance and repair of the equipment by qualified technicians. Manuals shall include 8-1/2” 
x 11” device location/cabling route drawings provided in CAD format (AutoDesk – AutoCad 
2015 or later). Manuals shall include a copy of the operations manuals. Manuals shall be 
indexed and neatly bound in a hardcover three ring binder. Three (3) copies of this manual 
shall be provided to the Authority upon project completion. Contractor shall retain a minimum of 
one (1) copy for their permanent records. 

1.9 COMMISSIONING 

A. Authority reserves the right to determine the final approval of the system at the time of 
scheduled job completion. Failure to meet the installation schedule or provide the “precise 
functional equivalent” shall result in the removal of the system at the Contractor’s expense. 

B. The Contractor shall furnish 3 – four (4) hour sessions of in service training with the system. 
Operating manuals and user guides shall be provided at the time of the raining. Provide a 
minimum of three operation manuals. 

1.10 MAINTENANCE 

A. The Contractor or his subcontractor shall show satisfactory evidence, upon request, that he 
maintains a fully equipped service organization, capable of furnishing adequate inspection and 
service to the system, including standard replacement parts He or his agent shall be prepared 
to offer a service contract for the maintenance of the system after the guarantee period. 

B. Diagrams: The Contractor shall furnish three complete sets of operating instructions, including 
cable diagrams, and other information necessary for proper installation, operation and 
maintenance of the system components. As-built drawings of the system shall be supplied. 
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These drawings shall include signal levels measured throughout the system as they were at the 
acceptance date of the system. 

C. Service Calls: Provide 8 hours of service calls on system in school after final acceptance to 
make any adjustments necessary to keep system at peak operation condition. Service calls 
performed as requested by the owner. Warranty work is not included in the service call time. 

D. Service Contract: Equipment Supplier: Accredited by proposed equipment manufacturers and 
prepared to offer service contract for system maintenance on completion of guarantee period 
and provide names, locations, and size of 10 recent successful installations in area; 24 hours 
per day service, with 24 hour non-emergency service response time provided, and including 1 
hour emergency call response time on 365-day-per-year, 24 hours per day basis. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Radio Repeater System: 

1. Cobham Wireless and LMR shall be the basis of design. 
2. Any products submitted as equals must be approved by the designer prior to approval 

and purchase. 

B. RFS ICA 12-50JPL ½” ClearFill Plenum Rated Air-Dielectric Coaxial Cable for in-building 
applications. 

C. 700/800 MHZ Cobham D-MBR 3707-3708 PS-NFPA RF Signal Booster/BDA 

1. With 24 hour battery back-up system. (BBU-400W-24H). 
2. Internet connection 
3. Wireless Modem. 

D. Commscope Cellmax-ext-cpuse 698-960 MHZ Directional Outdoor Antenna 

E. Commscope Cellmax-o-cpuse 698-960 Omni Indoor Antenna 

F. Commscope Cellmqax-d-cpuse 698-960 Directional Indoor Antenna 

G. Commscope Splitters 

1.  S-2-CPUSE-L-N-2-Way Low Power Splitter 

2.  S-2-CPUSE-L-N-3-Way Low Power Splitter 

3.  S-4-CPUSE-L-N-4-Way Low Power Splitter 

 

H. Commscope Directional Couplers 

1.  C-6-CPUSE-N 6 dB directional coupler 

2.  C-10-CPUSE-N 10 dB directional coupler 
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3.  C-15-CPUSE-N 15 dB directional coupler 

4.  C-20-CPUSE-N 20 dB directional coupler 

5.  C-30-CPUSES-N 30 dB directional coupler 

PART 3 - EXECUTION 

3.1 ACCEPTABLE INSTALLERS 

A. Contractor must be a licensed installer for the county for which the contract is registered. 
Contractor is responsible for the necessary permit to do the job. The contractor must have a 
minimum of three year’s installation with an owner and provide references for said work. 

3.2 EXAMINATION 

A. Site Verifications of Conditions 

1.  Contractor is subject to random examinations by the design firm for verification of   
  conditions on the installation. 

3.3 INSTALLATION  

A. Equipment and Distribution: 

1. Where not provided as part of the electrical work or the data/voice work, the Contractor 
shall furnish and install necessary conduit, raceways, pull boxes, outlet boxes and cable 
to provide a complete system as herein specified. All wiring shall be tested for continuity 
and freedom of all grounds and short-circuits. All outlet boxes shall be as specified for 
other wiring devices; size as required by equipment manufacturer. 

2. Cables shall be installed in pathways, as detailed on the drawings and/or as specified, 
above non-accessible ceilings, where exposed, and wherever it may be subject to 
physical damage. Where not provided as part of the electrical work or the data/voice 
work, the Contractor shall provide a raceway (conduit) from each outlet to above the 
accessible ceiling. Otherwise, cable shall be installed above accessible suspended tile 
ceilings and attached to building structure with approved bridle rings or J hooks, cable is 
not permitted to rest on ceiling. The cable routes used shall avoid steam lines, power 
wiring and other utilities that may adversely affect the system’s performance or result in 
damage to the cable. If the routs required place the cable in proximity to these utilities, 
the cable shall be suitably protected. Under no circumstances shall cable be run in 
hangers used for pipes or electric conduits nor shall the cable be supported in any way 
by attachment to these pipes, conduits or ceiling hangers. 

3. During the installation work, improper bending, stretching, twisting, kinking, pinching or 
any other improper handling must not deform the cable. All cable runs shall contain “S” 
loops or other means to accommodate expansion and contraction. Coaxial cables shall 
not ben at any point of installation to a radius of less than ten times the diameter of the 
cable or less than the value recommended by the cable manufacturer. Cable connected 
to electronic equipment in the system shall be tagged to show its function and the 
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location of its other end. All labels shall be of durable material and securely fastened to 
the cable. 

4. All cables shall be fastened securely with suitable hardware so as to avoid sharp bends 
and to prevent rubbing against sharp corners and in a manner to prevent injury or 
physical distortion. 

5. All connections shall be made with suitable connectors only at a known point or where 
otherwise indicated on the drawings to facilitate later system serving. There shall be no 
splicing of coaxial cables. 

6. All coaxial cables shall be installed in a manner to prevent sharp ends and pressure 
points that may cause the cable to lose its concentricity due to core migration. Particular 
care shall be taken where bridle rings are used. 

7. Wiring for all wall-mounted equipment shall be concealed in raceway (conduit) from outlet 
to above removable ceilings, unless noted otherwise. 

8. Wiring installed above removable ceiling shall be installed on bridle rings. No cables shall 
be installed on roof or exterior of building. 

9. Amplifiers and Multi-Taps properly mounted to painted backboard, neatly arranged in 
orderly fashion and accurately identified. 

10. Equipment cabinet(s) anchored to wall or floor utilizing an approve method. 

11. All head-end equipment securely installed within equipment cabinet(s) by screws, bolts, 
nuts, etc. or by method approved by Design Consultant. All holes intended for equipment 
mounting used for securing equipment to rack. Provide all exposed hardware in same 
color and type, preferably matching cabinet finish (i.e. black cabinet-black rack screws). 

12. Provide accurate documentation listing all equipment install under this section. This 
includes; equipment manuals, part numbers, serial numbers, warranties, and location of 
equipment. If information is found inaccurate during the one-year warranty period. 
Contractor is required to re-verify all equipment information at no additional cost to client. 

13. As-built system design documentation including design assumptions, power budges, 
system block diagram, and floor plans showing cable routing, antenna locations, and 
equipment locations. 

14. Product data sheets for all electronic equipment, fiber and coaxial cable, splitters, 
couplers and antennas. 

15. Final bill of all materials. 

16. Test results of as-built system verifying system meets design requirements including: 

17. Results for test showing RSSI and MOS scores measured at discrete points within a 50’ 
or less grid pattern verifying >95% coverage at -95 dBm or greater. 

18. RSSI levels at each interior antenna. 

19. DBA commissioning documentation including date of commission, actual off-air downlink 
levels at the donor antenna and BDA, isolation between the donor antenna(s) and the 
DAS, and BDA gain and AGC settings. 
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20. Training for up to four personnel on the system not to exceed two hours. Training 
manuals shall include product data sheets, as-built system documentation, and system 
testing and commissioning documentation. 

3.4 FIELD QUALITY CONTROL 

A. Site Tests and Inspections: 

1. AHJ shall provide system acceptance based on their criteria. 

2. Test every location for signal level: 

3. Test all head-end equipment for popery frequency, audio/video carrier levels, and RF 
level outputs. Adjust all levels per manufacture’s recommendations. 

4. Perform all testing required for each building during same. Day. 

5. Perform tests to all system sunder direct supervision of manufacturer’s representatives or 
accredited agencies for all specified equipment and services. 

6. Submit all test results in tabular format with reference to or backed up by equipment/riser 
diagram that accurately represents installed system. 

7. Submit written test report from authorized representative of equipment manufacturer 
stating that system has been tested and is in working order prior to final inspection by 
Design Consultant. 

8. Upon completion of the installation of the equipment, the video Contractor shall provide to 
the Design consultant a signed statement from the equipment supplier that the system 
has been wired, tested, and functions properly according to the specifications. 

9. The testing agency making the measurement shall be identified, and the data must be 
signed and dated by the testing technician. 

10. The Contractor shall furnish all equipment and personnel required for the test. 

3.5 DEMONSTRATION 

A. Owner Training: Provide minimum 8 hours of training for Owner’s personnel per building used 
at Owner’s sole discretion and scheduled by Owner to fit Owner needs. 

1. Training scheduled by the Owner in blocks of 2-8 hours. 

2. Include all per diem, travel costs, etc., in cost of training. 

3. Begin training after design consultant deems system physically complete and fully 
operational. Service time not deemed as training. 

4. Include following minimum content in training: 

 a.  General systems overview describing sub-systems and their relationships with  
  each other. 

 b.  Specifics on sub-systems and how to maintain them to ensure reliable    
  operations. 
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 c.  Operation of equipment to perform intended tasks, including (but not limited to)  
  remote origination, camera operation, television operations, cable patching, fuse  
  replacement and so forth. 

 d.  Provide written documentation for all training attendees to supplement training  
  (i.e. diagrams, training outlines/highlights, etc.) 

 

 

 

 

END OF SECTION 27 77 00 
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SECTION 28 05 13 - CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND 
SECURITY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. UTP cabling. 
2. RS-485 cabling. 
3. Control-voltage cabling. 
4. Control-circuit conductors. 
5. Security conductors 
6. Identification products. 

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. 

B. Shop Drawings: 

1. Cabling administration drawings and printouts. 
2. Wiring diagrams to show typical wiring schematics, including the following: 

a. Cross-connects. 
b. Patch panels. 
c. Patch cords. 

1.4 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 

B. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to supervise 
on-site testing. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics: Comply with ASTM E 84; 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: 50 or less. 

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. 

2.2 BACKBOARDS 

A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm). 
Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry." 

2.3 CONTROL-VOLTAGE CABLE 

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

1. Allied Wire & Cable Inc. 
2. Belden Inc. 
3. General Cable Technologies Corporation. 
4. Genesis Cable Products; Honeywell International, Inc. 

B. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) and No. 18 AWG, stranded (19x30) 
tinned copper conductors. 

2. PVC insulation. 
3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance: Comply with NFPA 262. 

2.4 CONTROL-CIRCUIT CONDUCTORS 

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

1. Allied Wire & Cable Inc. 
2. Belden Inc. 
3. General Cable Technologies Corporation. 
4. Genesis Cable Products; Honeywell International, Inc. 

B. Class 1 Control Circuits: Stranded copper, Type THHN-THWN, complying with UL 83, in 
pathway. 
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C. Class 2 Control Circuits: Stranded copper, Type THHN-THWN, complying with UL 83, in 
pathway. 

2.5 SECURITY CONDUCTORS 

A. Conductors feeding Motion Detectors: Minimum 16 AWG, stranded copper, Type THHN-THWN. 

B. Conductors for Alarm Loops: Minimum 20 AWG, stranded copper, Type THHN-THWN 

2.6 IDENTIFICATION PRODUCTS 

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

1. Brady Corporation. 
2. HellermannTyton. 
3. Kroy LLC. 

B. 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. 

C. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

2.7 SOURCE QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to evaluate cables. 

B. Factory test UTP and optical-fiber cables on reels according to TIA-568-C.1. 

C. Factory test UTP cables according to TIA-568-C.2. 

D. Cable will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
installation of supports for cables. 

3.2 WIRING METHOD 

A. Install wiring in metal pathways and wireways. 

1. Minimum conduit size shall be 3/4 inch (21 mm). Control and data-transmission wiring 
shall not share conduits with other building wiring systems. 
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2. Comply with requirements in Section 280528 "Pathways for Electronic Safety and 
Security." 

B. Install cable, concealed in accessible ceilings, walls, and floors when possible. 

C. Wiring on Racks and within Enclosures: 

1. Bundle, lace, and train conductors to terminal points with no excess and without 
exceeding manufacturer's limitations on bending radii, but not less than radii specified in 
BICSI ITSIM's "Cabling Termination Practices" chapter. Cable ties shall not be 
excessively tightened such that the transmission characteristics of the cable are altered. 

2. Install lacing bars and distribution spools. 
3. Separate power-limited and non-power-limited conductors as recommended in writing by 

manufacturer. 
4. Install conductors parallel with or at right angles to sides and back of enclosure. 
5. Connect conductors associated with intrusion system that are terminated, spliced, or 

interrupted in any enclosure onto terminal blocks. 
6. Mark each terminal according to system's wiring diagrams. 
7. Make all connections with approved crimp-on terminal spade lugs, pressure-type terminal 

blocks, or plug connectors. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1 and NFPA 70. 

B. Conductors: Size according to system manufacturer's written instructions unless otherwise 
indicated. 

C. Do not install conductors and cables that are wet, moisture damaged, or mold damaged. 

D. General Requirements for Cabling: 

1. Comply with TIA-568-C.1. 
2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices." 
3. Terminate all conductors; no cable shall contain unterminated elements. Make 

terminations only at indicated outlets, terminals, and cross-connect and patch panels. 
Leave a minimum of 6 inches (150 mm) of slack at outlet terminations and coil loosely 
into box after termination on outlet fitting. 

4. 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. 

5. Maintain minimum cable bending radius during installation and termination of cables. 
6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable 

between termination, tap, or junction points. Remove and discard cable if damaged 
during installation and replace it with new cable. 

7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps 
shall not be used for heating. 

8. Pulling Cable: Comply with BICSI ITSIM, Ch. 4, "Pulling Cable." Monitor cable pull 
tensions. Do not exceed manufacturer's rated cable-pulling tension. 

9. Riser Cable: Riser cable support intervals shall be in accordance with manufacturer's 
recommendations. 

10. Comply with Section 280544 "Sleeves and Sleeve Seals for Electronic Safety and 
Security Pathways and Cabling." 
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3.4 POWER AND CONTROL-CIRCUIT CONDUCTORS 

A. 120-V Power Wiring: Install according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" unless otherwise indicated. 

B. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits, No. 14 AWG. 
2. Class 2 low-energy, remote-control and signal circuits, No. 16 AWG. 

3.5 CONNECTIONS 

A. Comply with requirements in Section 281600 "Intrusion Detection" for connecting, terminating, 
and identifying wires and cables. 

B. Comply with requirements in Section 281300 "Access Control" for connecting, terminating, and 
identifying wires and cables. 

C. Comply with requirements in Section 282300 "Video Surveillance" for connecting, terminating, 
and identifying wires and cables. 

3.6 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-C, "Firestopping" Annex A. 

C. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.7 GROUNDING 

A. For low-voltage wiring and cabling, comply with requirements in Section 280526 "Grounding 
and Bonding for Electronic Safety and Security." 

3.8 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Visually inspect cable placement, cable termination, grounding and bonding, equipment 

and patch cords, and labeling of all components. 

a. Test instruments shall comply with or exceed applicable requirements in TIA-568-
C.2. Perform tests with a tester that complies with performance requirements in 
"Test Instruments (Normative)" Annex, complying with measurement accuracy 
specified in "Measurement Accuracy (Informative)" Annex. Use only test cords and 
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adapters that are qualified by test equipment manufacturer for channel or link test 
configuration. 

B. Document data for each measurement. Print data for submittals in a summary report that is 
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument 
to the computer, save as text files, print, and submit. 

C. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 28 05 13 
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SECTION 28 05 26- GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND 
SECURITY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grounding conductors. 
2. Grounding connectors. 
3. Grounding busbars. 

1.2 DEFINITIONS 

A. Signal Ground: The ground reference point designated by manufacturer of the system that is 
considered to have zero voltage. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

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

1. Allied Tube & Conduit; a part of Atkore International. 
2. Harger Lightning & Grounding. 
3. Panduit Corp. 

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. 

C. 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 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 

inch (6.3 mm) in diameter. 
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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. 
 

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

1. Burndy; Part of Hubbell Electrical Systems. 
2. Chatsworth Products, Inc. 
3. Harger Lightning & Grounding. 
4. Panduit Corp. 

C. 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. 

D. Busbar Connectors: Cast silicon bronze, solderless exothermic-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. 

E. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

2.3 GROUNDING BUSBARS 

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

1. Chatsworth Products, Inc. 
2. Harger Lightning & Grounding. 

B. 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 J-STD-607-A. 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 23-inch (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: 36 inches (914 mm long, with) copper-plated hardware 
for attachment to the rack. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic 
Equipment." 

1. 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. 

2. Bond shields and drain conductors to ground at only one point in each circuit. 

B. Signal Ground: 

1. For each system, establish the signal ground and label that location as such. 
2. Bond the signal ground to the alternating-current (ac) power system service by 

connecting to one of the following listed locations, using insulated No. 6 AWG, stranded, 
Type THHN wire: 

a. Grounding bar in an electrical power panelboard if located in the same room or 
space as the signal ground. 

b. Telecommunications grounding busbar. 

C. Comply with NECA 1. 

3.2 APPLICATION 

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 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. 

3.3 CONNECTIONS 

A. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

B. 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. 

C. Shielded Cable: Bond the shield of shielded cable to the signal ground. Comply with TIA/EIA-
568-B.1 and TIA/EIA-568-B.2 when grounding screened, balanced, twisted-pair cables. 
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D. 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. 

3.4 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. 

C. Grounding system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 28 05 26 
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SECTION 28 05 28 - PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetallic conduits, tubing, and fittings. 
3. Optical-fiber-cable pathways and fittings. 
4. Surface pathways. 
5. Boxes, enclosures, and cabinets. 
6. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. Section 260533 "Raceways and Boxes for Electrical Systems" for conduits, wireways, 
surface raceways, boxes, enclosures, cabinets, handholes, and faceplate adapters 
serving electrical systems. 

2. Section 270528 "Pathways for Communications Systems" for conduits, surface 
pathways, innerduct, boxes, and faceplate adapters serving communications systems. 

1.2 ACTION SUBMITTALS 

A. Product Data: For surface pathways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings: For custom enclosures and cabinets. 

1.3 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates: For pathway racks, enclosures, cabinets, and equipment 
racks and their mounting provisions, including those for internal components, from 
manufacturer. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

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

 
    a.    AFC Cable Systems; a part of Atkore International. 
    b.    Allied Tube & Conduit; a part of Atkore International. 
    c.    Alpha Wire. 
    d.    Anamet Electrical, Inc. 
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    e.   Electri-Flex Company. 
    f.    O-Z/Gedney; a brand of Emerson Industrial Automation. 
    g.   Picoma Industries, Inc. 
    h.   Plasti-Bond. 
    i.    Republic Conduit. 

B. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Comply with TIA-569-B. 

C. GRC: Comply with ANSI C80.1 and UL 6. 

D. ARC: Comply with ANSI C80.5 and UL 6A. 

E. EMT: Comply with ANSI C80.3 and UL 797. 

F. FMC: Comply with UL 1; zinc-coated steel. 

G. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA 70. 
2. Fittings for EMT: 

a. Material: Steel. 
b. Type: Compression. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL-467, rated for 
environmental conditions where installed, and including flexible external bonding jumper. 

H. Joint Compound for 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, TUBING, AND FITTINGS 

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

 
    a.    AFC Cable Systems; a part of Atkore International. 
    b.    Allied Tube & Conduit; a part of Atkore International. 
    c.    Anamet Electrical, Inc. 
    d.    Arnco Corporation. 
    e.    CANTEX INC. 
    f.    CertainTeed Corporation. 
    g.    Condux International, Inc. 
    h.    Electri-Flex Company. 
    i.    Kraloy. 

B. General Requirements for Nonmetallic Conduits and Fittings: 
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1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Comply with TIA-569-B. 

C. ENT: Comply with NEMA TC 13 and UL 1653. 

D. RNC: Type EPC-40-PVC complying with NEMA TC 2 and UL 651 unless otherwise indicated. 

E. Continuous HDPE: Comply with UL 651B. 

F. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 

G. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS 

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

1. Alpha Wire. 
2. Arnco Corporation. 
3. Endot Industries Inc. 
4. IPEX USA LLC. 

B. Description: Comply with UL 2024; flexible-type pathway, approved for plenum riser installation 
unless otherwise indicated. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Comply with TIA-569-B. 

2.4 SURFACE PATHWAYS 

A. General Requirements for Surface Pathways: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Comply with TIA-569-B. 

B. Surface Metal Pathways: Galvanized steel with snap-on covers complying with UL 5. 
Manufacturer's standard enamel finish. 

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

a. MonoSystems, Inc. 
b. Niedax Inc. 
c. Panduit Corp. 
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2.5 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
    a.    Wiremold/Legrand 
    b.    Thomas & Betts Corporation; A Member of the ABB Group. 
 c. Monosystems, Inc. 

B. General Requirements for Boxes, Enclosures, and Cabinets: 

1. Comply with TIA-569-B. 
2. 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, ferrous alloy aluminum, 
Type FD, with gasketed cover. 

E. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

F. Metal Floor Boxes: 

1. Material: Cast or sheet metal. 
2. Type: Fully adjustable. 
3. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

G. Nonmetallic Floor Boxes: Nonadjustable, round. 

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. 

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

I. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover. 

J. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm 
deep) 4 inches by 2-1/8 inches by 2-1/8 inches deep (100 mm by 60 mm by 60 mm deep). 

K. Gangable boxes are prohibited. 

L. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

M. 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. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

N. Cabinets: 
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1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
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. 

2.6 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND CABLING 

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. 

3. Comply with TIA-569-B. 

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. Standard: Comply with SCTE 77. 
2. Configuration: Designed for flush burial with closed bottom unless otherwise indicated. 
3. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location. 
4. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
5. Cover Legend: Molded lettering, "ELECTRIC” “TELECOMMUNICATIONS”. 

C. Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with covers of 
polymer concrete. 

1. Standard: Comply with SCTE 77. 
2. Color of Frame and Cover: Gray Green. 
3. Configuration: Designed for flush burial with open closed integral 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” “TELECOMMUNICATIONS”. 

PART 3 - EXECUTION 

3.1 PATHWAY APPLICATION 

A. Outdoors: Apply pathway products as specified below unless otherwise indicated: 

1. Exposed Conduit: GRC. 
2. Concealed Conduit, Aboveground: GRC. 
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried unless otherwise noted. 
4. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R Type 4. 
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B. Indoors: Apply pathway 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: GRC. 
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. 
6. Damp or Wet Locations: GRC. 
7. Pathways for Optical-Fiber or Communications Cable in Spaces Used for Environmental 

Air: Plenum-type, optical-fiber-cable pathway. 
8. Pathways for Optical-Fiber or Communications-Cable Risers in Vertical Shafts: Riser-

type, optical-fiber-cable pathway. 
9. Boxes and Enclosures: NEMA 250 Type 1, except use NEMA 250, Type 4 stainless steel 

nonmetallic in institutional and commercial kitchens and damp or wet locations. 

C. Minimum Pathway Size: 3/4-inch (21-mm) trade size. Minimum size for optical-fiber cables is 1 
inch (27 mm). 

D. Pathway Fittings: Compatible with pathways and suitable for use and location. 

1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. 
Comply with NEMA FB 2.10. 

2. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 

F. Install surface pathways only where indicated on Drawings. 

G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C). 

3.2 INSTALLATION 

A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where 
requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum 
pathways. Comply with NFPA 70 limitations for types of pathways allowed in specific 
occupancies and number of floors. 

B. Keep pathways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal pathway runs above water and steam piping. 

C. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
hangers and supports. 

D. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
communications wiring conduits for which only two 90-degree bends are allowed. Support within 
12 inches (300 mm) of changes in direction. 

E. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines. 

F. Pathways Embedded in Slabs: 
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1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main 
reinforcement. Where at right angles to reinforcement, place conduit close to slab 
support. Secure pathways to reinforcement at maximum 10-foot (3-m) intervals. 

2. Arrange pathways to cross building expansion joints at right angles with expansion 
fittings. 

3. Arrange pathways to keep a minimum of 2 inches (50 mm) of concrete cover in all 
directions. 

4. Do not embed threadless fittings in concrete unless specifically approved by Architect for 
each specific location. 

G. Stub-ups to Above Recessed Ceilings: 

Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 
in an enclosure. 

H. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive 
compound prior to assembly. 

I. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install insulated bushings on conduits terminated with locknuts. 

J. Install pathways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more. 

K. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to conduit assembly to assure a continuous ground path. 

L. Spare Pathways: Install pull wires in empty pathways. Cap underground pathways designated 
as spare above grade alongside pathways in use. 

M. Surface Pathways: 

1. Install surface pathway for surface electrical outlet boxes only where indicated on 
Drawings. 

N. Pathways for Optical-Fiber and Communications Cable: Install pathways as follows: 
1. 1-Inch (27-mm) Trade Size and Larger: Install pathways in maximum lengths of 75 feet 

(23 m). 
2. Install with a maximum of two 90-degree bends or equivalent for each length of pathway 

unless Drawings show stricter requirements. 

O. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. 

P. Locate seals so no fittings or boxes are between the seal and the following changes of 
environments. Seal the interior of all pathways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service pathway enters a building or structure. 
3. Where otherwise required by NFPA 70. 

Q. Expansion-Joint Fittings: 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY 28 05 28 - 8 of 9  

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F (17 deg C), and that has straight-run length that exceeds 
25 feet (7.6 m). Install in each run of aboveground RMC and EMT that is located where 
environmental temperature change may exceed 100 deg F (55 deg C) and that has 
straight-run length that exceeds 100 feet (30 m). 

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 (70 deg C) 
temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 
(70 deg C) temperature change. 
Attics: 135 deg F (75 deg C) 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 (0.06 mm per meter of length of straight run per deg C) 
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 (0.0115 
mm per meter of length of straight run per deg C) 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. 

R. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) of flexible conduit for luminaires, equipment subject to vibration, noise transmission, or 
movement; and for transformers and motors. 

S. Mount boxes at heights indicated on Drawings according to ADA requirements. Install boxes 
with height measured to top of box unless otherwise indicated. 

T. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 

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 (150 
mm) in nominal diameter. 

2. Install backfill as specified in Section 312000 "Earth Moving." 
3. After installing conduit, backfill and compact. After placing controlled backfill to within 12 

inches (300 mm) 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 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. 
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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 (1500 mm) from edge of foundation or equipment base. 
Install insulated grounding bushings on terminations at equipment. 

5. 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. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of 
other enclosures 1 inch (25 mm) above finished grade. 

C. Install handholes with bottom below frost line, refer to details for depth. 

D. Field cut openings for conduits according to enclosure manufacturer's written instructions. 

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY 
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 Electronic Safety and 
Security Pathways 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. 

END OF SECTION 28 05 28 
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SECTION 28 05 44- SLEEVES AND SLEEVE SEALS FOR ELECTRONIC SAFETY AND SECURITY 
PATHWAYS AND CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Sleeves for pathway 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. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without 
penetrating items. 

1.2 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. 

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel 
sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal 
joint, with tabs for screw-fastening the sleeve to the board. 

C. Sleeves for Rectangular Openings: 

1. Material: Galvanized-steel sheet. 
2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and 
with no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 
mm). 
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b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and 
one or more sides larger than 16 inches (400 mm), thickness shall be 0.138 inch 
(3.5 mm). 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and pathway or cable. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following provide products by one of the following available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following: 

a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 
d. 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 one of the 
following: 

a. HOLDRITE. 

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 (34.5-MPa), 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. 

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 pathway 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 (6.4-mm) annular clear space between sleeve and 

pathway or cable unless sleeve seal is to be installed or unless seismic criteria require 
different clearance. 

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. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 3 inches (76.2 
mm) above finished floor level. Install sleeves during erection of floors. 

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 pathways and cables with flexible boot-
type flashing units applied in coordination with roofing work. 
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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 (25-mm) 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 (25-mm) annular clear space between pathway 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 pathway 
entries into building. 

B. Install type and number of sealing elements recommended by manufacturer for pathway or 
cable material and size. Position pathway or cable in center of sleeve. Assemble mechanical 
sleeve seals and install in annular space between pathway or cable and sleeve. Tighten bolts 
against pressure plates that cause sealing elements to expand and make watertight seal. 

3.3 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 28 05 44 
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SECTION 28 13 00 - ACCESS CONTROL 
 
PART 1  GENERAL 
 

1.1 SUMMARY 
 

A. This section includes furnishing, installation, commissioning and testing of an 
Integrated Access Control Security Management System (ISMS).  

 
1.2 RELATED DOCUMENTS 

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

Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

 
B. Related Sections: The following sections contain requirements that relate to this 

Section: 
 

1. Division 28 Section “Digital, Addressable Fire-Alarm System” for coordination 
and interface with fire alarm system.  

2. Division 28 Section “Intrusion Detection” for coordination and interface 
requirements. 

3. Division 28 Section “Video Surveillance” for coordination and interface 
requirements. 

4. Division 26 Section “General Electrical Requirements.” 
5. Division 26 Section “Grounding and Bonding for Electrical Systems” for 

grounding, requirements of equipment. 
6. Division 26 Section “Low-Voltage Electrical Power Conductors and Cables” 

for cabling requirements. 
7. Division 26 Section “Raceways & Boxes for Electrical Systems” for conduit, 

raceway and box requirements. 
8. Division 27 Section “Telecommunication Systems” for coordination with 

telephone system, network and communication voice cable requirements. 
 

1.3 SUMMARY OF WORK INCLUDED 
 

A. Coordinate all related work specified elsewhere with the access control system. 
 

B. Materials 
 

1. Furnish and install at locations that show the specified equipment to provide 
a completely operational Integrated Security Management System without 
additional cost to the OWNER.  

2. The following list of main items of the installation shall not be considered to 
be all inclusive: 
a. Smart Card Readers and Cards. 
b. Reader modules. 
c. Output relays. 
d. Zone inputs. 
e. Alarm monitoring panels. 
f. Intelligent controllers. 
g. Software. 
h. Client workstation set-up. 
i. Wire for readers/panel communication. 
j. Surge and noise suppressors. 
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3. Provide and install all equipment, components, wire, cable, and mounting 
hardware as required to meet manufacturer’s specifications and documented 
installation procedures. 

4. Provide all accessories and misc. items required for an operating system. 
5. Installer shall meet the entire intent of these specifications and associated 

drawings.  Deviations from specified equipment and/or operation of the 
system shall not be permitted.  

 
1.4 SYSTEM DESCRIPTION 

 
A. The Integrated Security Management System (ISMS) shall be part of a modular, 

networked access control system capable of handling large facilities with multiple 
remote sites, alarm monitoring, video imaging, badging, paging, guard tour, digital 
video servers and CCTV switcher control. The system shall allow for easy expansion 
or modification of inputs, outputs, and remote control stations. 

 
B. The system control at the central computer location shall be under a single software 

program control, shall provide full integration of all components, and shall be 
alterable at any time, depending upon the facility requirements. Reconfiguration shall 
be accomplished online through system programming, without hardware changes.  

 
C. 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 
2008 R2 SP1, Microsoft Windows® 7 SP1 (64-bit), Windows Server 2012 R2 and 
Windows 8.1 and Windows 10. 

 
D. The software program shall consist of multiple servers including, but not limited to, 

Database Server, Communications Server, and Client Workstation Server. The 
Servers shall be capable of being installed on one or more PCs across a network 
providing a distribution of system activities and processes.         

 
E. The system shall support multiple communication servers on a LAN/WAN, to provide 

distributed networking capabilities, which significantly improve system performance.  
 
F. Regional 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 2012 
Enterprise Edition. The RDBMS shall provide edit, add, delete, search, sort, and print 
options for records in the selected databases.  

  
G. The system shall have the capability to communicate with the control panels via 

LAN/WAN connections utilizing industry standard TCP/IP communication protocol.                                              
H. The system software shall allow support for multiple accounts allowing separate 

access to the card database, badge layout, operator access, and reporting.  Physical 
hardware may be filtered by operator level into sites. (EXAMPLE: Filtering operator 
levels by sites helps prevent users from making unauthorized changes to other sites. 
An administrator operator at a remote school site account with five access control 
doors could only view and make changes associated with those five doors located at 
that site. The operator level could be filtered to inhibit unauthorized changes to other 
sites). Sites may reside in multiple accounts. The system shall allow control of 
common areas between accounts. Access levels and time zones shall be global to 
allow for easy administration. The global access levels and time zones shall be 
capable of being used by several accounts. Administrators shall have the ability to 
move cardholders from one account to another.  
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I. The software program shall use Abstract Devices (ADV) for representing 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. The CUSTOMER shall provide 
necessary floor plans to the CONTRACTOR. 

 
J. The system shall support both manual and automatic responses to alarms entering 

the system.  Each alarm shall be capable of initiating a number of different actions, 
such as camera switching, activation of remote devices, door control, and activation 
of WAV files. 

 
K. The system shall provide both supervised and non-supervised alarm point 

monitoring.  The system shall be capable of arming or disarming alarm points both 
manually and automatically, by time of day, and by day of week. 

 
L. Access control functions shall include 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. 

 
M. Alarm events with defined priorities shall be able to 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, if a card 
event the card number, type of event and cardholder name.  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.  

 
N. 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 preprogrammed floor plan, energize, de-energize, pulse, 
time pulse, add comment, shunt or un-shunt. 

 
O. Assigned passwords shall be possible to define the levels of system operation for 

each individual operator. 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 to full control of the system including programming. 

 
P. The system programming shall be user friendly, and capable of being accomplished 

by personnel with no prior computer experience. . The software shall utilize drop 
boxes for all previously entered system-required data. The programming shall be 
MENU driven and include online “Help” or “Tutorial” information, as well as online 
data entry examples. The Help shall be available by using the F1 key.  When using 
the F1 help access, the help menu will provide detailed information relative to the 
operation that the user is performing without the need to key in additional search 
parameters. 

 
Q. The access system shall be integrated with the Honeywell Intrusion Detection 

System Access Control. Integration shall provide ability to arm/disarm intrusion 
system via card readers located beside each security keypad. 

 
R. After installation, the OWNER 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 without 
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the services of the CONTRACTOR or MANUFACTURER. 
 

S. Equipment repair shall be able to be accomplished on site, by module replacement. 
 

T. All control components 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. 

 
 

1.5 SYSTEM CAPACITIES 
     

A. The system shall require one master control file server station. The access control 
program running on the file server shall restrict the number of operator workstations 
working in a LAN/WAN based on the access software licensing. Licensing shall be by 
software activation monitoring concurrent connection and not require the use of 
hardware keys per workstation. The only restriction will be imposed by the operating 
system and hardware configuration. Operator workstations shall provide all 
functionality as available at the server with the exception of database maintenance 
functions.  

 
B. The system software shall not use a hardware dongle unless required by the system 

hardware and then only on the PC where the database server resides. No dongles 
shall be required at any workstations. 

 
C. Overall control of the access control, CCTV, paging, and alarm monitoring shall be 

through software control, which provides complete integration of the security 
components. 

 
D. The file server station shall operate in both a programmed and a manual mode. 

 
E. The system shall be expandable in modular increments to total capacity. The 

software shall not require installation of any module or any other upgrading to 
achieve above stated capacities. Unrestricted number of operator workstations and 
multiple communication servers shall be supported as a standard feature of the WIN-
PAK PRO PE access control software.  

 
1.6 BASIC SYSTEM CAPABILITIES 

 
A. The following functional capabilities are considered essential for the system 

described in this specification. The capabilities are to be considered standard, without 
the need for add-on software or hardware.   

 
1. All databases will have the ability to ADD, DELETE, REPORT, VIEW or EDIT 

information.  
2. Provide storage of all system transactions in a retrievable file. 
3. Log all events by time and date. 
4. Provide capability to store all or selected system transactions to a disk file. 
5. Provide ability for CUSTOMER to make 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. 

6. Support “Global Anti-passback”, allowing cardholder to enter/exit any such 
defined card reader on the same intelligent control panel or RS-485 drop line 
consisting of 2 or 4 door controllers. 

7. Anti-passback modes shall include hard (no forgiveness), soft (allows access 
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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. 

8. Two card holder rule, where two valid, non-identical cards must be used 
within a 20 second period of time to grant access. 

9. Ability to display when a card holder who uses the reader has accessed 
(opened) the door or if the card was used but the door was not opened. 

10. Ability to select appropriate doors to remain locked even though it is 
programmed by time zone control to be unlocked, until the first valid card 
read is seen during the door’s time zone at which time the door will remain 
unlocked for the duration of its defined time period. 

11. Latch mode operation where the first card read unlocks the door and the 
second causes it to lock the door. 

12. Provide mode of system operation that stores system commands that were 
not accepted by the hardware. 

13. Provide mode of system operation that requires the operator to enter a 
response to an event when acknowledging it from the alarm view window. 

14. Provide mode of system operation that allows acknowledged alarms to be 
automatically cleared. 

15. Provide mode of system operation where un-acknowledged events will cause 
the computer to continuously emit a pulsating beep until all un-acknowledged 
alarms are acknowledged.  A momentary silence feature shall allow the 
beeping to cease for up to 60 seconds.  The silence feature shall also 
provide a visual count down to when the beeping will begin again. 

16. Provide 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. 

17. Provide mode of system operation that does not allow the operator to clear 
an alarm prior to it being restored to normal. 

18. Provide 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. 

19. Provide 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. 

20. Provide ability to automatically display stored “video image” of cardholder. 
21. 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, 
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. 

22. Support multiple card reader technology including: 
a. Smart Card 
b. Wiegand effect 
c. Biometrics 
d. Magnetic stripe 
e. Bar code 
f. Keypad 
g. Card/keypad (PIN) 

23. Provide a means for scheduled automatic backups of any or all database 
system files.  A means to restore these files from a simple menu shall exist. 

24. 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 
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multiple dial-up locations. 
25. 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. 

26. All commands and updates to the panels shall be verified and shall 
automatically retry if communications have failed. 

27. Provide a system scheduler that shall automatically: 
a. Call remote locations to retrieve history transactions and update 

panel information, including time and date. 
b. Activate or deactivate cards locally or at remote dial-up sites. 
c. Initiate a preprogrammed command event/action. 
d. Synchronize system to intelligent controller time. 
e. Run a pre-defined (template) History or Card Holder report. 
f. 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. 

g. Frequency shall be defined as Never, Now, Once, Hourly, Daily, 
Weekly, Once per 2 weeks, and Monthly. 

28. Provide drop boxes for all system-required information that the user has 
previously entered. 

29. Provide the ability to initiate an email (via SMTP) 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 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. 

30. A host grant mode of operation shall exist 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.  

 
B. Card Database   

 
1. 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 name.   

2. Cardholder information shall include unique card number up to 15 digits and 
optional Personal Identification Number. 

3. Allow multiple cards per cardholder. 
4. Provide 40 user definable fields.  
5. Provide special card options that include, but are not limited to: 

a. Time zone reference, which defines valid time. 
b. Visitor use, which provides a specified activation date and expiration 

date (spanning years). 
c. Trigger control value, which can initiate a predefined procedure at 
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the intelligent control independent from any control function from the 
system computer. 

6. Provide a card “Trace” function. The Trace function shall allow normal 
access control, but will provide a tracking alarm at the system monitor. 

7. Provide 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. 

8. Provide 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. 

9. Provide the ability to prioritize specific card usage from 1 to 99 with separate 
priority options shall included but not be limited to Anti-passback, Trace, PIN 
Violation, Normal, Not Found, Expired, Host Grant, Site Code and Time Zone 
card activities or violations. 

10. Allow the user the ability to assign an operator message per card event state 
and a procedure for the intelligent control shall perform per event state. 

11. Upon editing card 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. 

12. 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. 

13. In a 15-digit card database, the number 0 shall not be a valid card number as 
some devices transmit this number on an improper read. 

14. A card shall have the ability to be allowed to access one or selected 
accounts up to all available accounts. 

 
C. Access Levels   

 
1. Provide the ability to define specific times of access. 
2. Provide the ability to define specific readers for access. 
3. 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. 
4. 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 

 
1.7 SUBMITTALS 

 
A. Provide submittal data for each system, as follows: 

 
1. To verify specifications have been met.  
2. Clearly indicate or state all options, etc.: 

a. Manufacturer/cat. number. 
b. Manufacturer’s options. 
c. Accessories. 
d. Indicate point of connections with other equipment or systems. 

3. Bill of materials showing equipment quantities and model numbers. 
4. Manufacturer's technical information sheets on all proposed equipment. 

a. Highlight or clearly indicate all items to be provided. 
b. Include wire/cable specifications. 

5. Proof of component and system UL Listing. 
6. Provide proof of required certifications and installer qualifications. 
7. Drawings: 
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a. Riser diagrams showing all devices and wiring types. Indicate all 
points of connection between Access System and Intrusion 
Detection System.  

b. Wiring connection diagrams for each proposed component. 
 

B. Closeout Submittals: Submit in accordance with the General Condition Requirements 
and as follows: 

 
1. Operational Information: Provide full instruction manual to cover all aspects 

and components of the installed system and to be used to supplement the 
Owner Demonstration. 

2. Maintenance Data: Provide for all equipment and accessories to include in 
the "Operating and Maintenance Manual" specified in Division 1. 
a. Include recommended periodic tests of equipment in service, and 

test parameters.  Provide manufacturer’s recommended test 
procedures, frequency and type of tests. 

b. Specify cleaning procedures for all components. 
3. As-Built Drawings: Provide three (3) full-size copies of all plans, drawings 

and schematics to the owner after the acceptance test.  The drawings shall 
be revised to show equipment locations, location of all junction boxes, 
terminal cabinets, devices, wiring and conduit routings.  Drawings, etc. shall 
be delivered as part of the O&M Manual package. 

 
1.8 QUALITY ASSURANCE 

 
A. Manufacturer’s Qualifications:  All system components shall be furnished by 

manufacturers of established reputation and experience who shall have produced 
currently operating Integrated Security Management Systems which include access 
control, alarm monitoring, CCTV video switching, paging, and video badging.  
Manufacturer shall be able to refer to similar installations rendering satisfactory 
service. Proposed equipment manufacturer must meet the following: 

 
1. All products designed and manufactured to ISO 9001 standards. 
2. Engaged in manufacturing of access control systems at least 10 years. 
3. System shall be of latest design. No obsolete or pending obsolete parts shall 

be used. 
4. Provide technical support to installer. 

 
B. Installer Qualifications:  Engage an experienced factory-authorized Installer to 

perform work of this Section. 
 

1. Installing contractor must meet the following: 
a. Factory trained Honeywell WinPak Pro technicians to install the 

proposed system. 
b. The Installer must be certified by Honeywell Integrated Security 

Dealer Service Certification Program (DSCP). 
c. The installer shall be a Honeywell Commercial Security Systems 

(CSS) Dealer. Proof of compliance with manufacturer’s system 
installation certification program must be provided in writing to owner 
along with submittal. 

d. Company shall employ experienced installation and service 
Technicians that are certified to work with Network systems 
(minimum CompTIA Network+ Certified).  

e. Hold all legally required state and local contractor’s licenses 
necessary to accomplish the installation and activation of the 
described system. Copies of required licenses shall be submitted 
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prior to start of work. 
f. Provide list of technical support staff, project experience, training, 

etc. as requested.  Staff must be factory trained or have received on-
site training from manufacturer. 

g. Make all final connections, adjustments and system supervision 
testing. 

h. Provide all initial system programming. 
2. Provide references upon request: 

a. Names of (6) similar projects in size and scope. 
b. Contact person and phone number for each project. 

 
C. Single source responsibility:  The complete performance of the assembled system, 

including all accessories shall be the sole responsibility of the supplier. It is the 
installer’s responsibility to ensure that all factory and field installed accessories and 
loose components used in the system, meet these specifications, and perform up to 
the stated and tested standards.  

 
D. Comply with the applicable building code, local ordinances, and regulations, and the 

requirements of the authorities having jurisdiction.  Installation and operation shall 
conform to the latest applicable requirements of the following publications: 

 
1. National Fire Protection Association (NFPA): 

a. NFPA 70 National Electrical Code 
b. NFPA 101 Code for Safety to Life from Fire in Buildings and 

Structures 
2. Underwriters Laboratories (UL): 

a. UL 294, UL 1076, ULC 
3. FCC – Part 15, Part 68 
4. Building Officials and Code Administration (BOCA) National Building Code 

 
E. Certification of all system components: 

 
1. Catalogued by the system manufacturer. 
2. UL Listing of each component individually. 
3. All components shall be recognized by the control system manufacturer for 

use and compatibility with proposed system. 
 

1.9 SYSTEM PROGRAMMING 
 

A. Database: The CONTRACTOR shall assist the OWNER in setting up the system 
database requirements and formats. Forms to be utilized in collecting and entering all 
data shall be provided to the OWNER by the CONTRACTOR. Written instructions on 
the use of all forms shall be included. Examples of the sequence of completion for all 
related forms shall be provided. The OWNER shall be responsible for the actual data 
collection and entry to ensure a complete understanding of the system and its 
contents. 

 
B. Programming: The CONTRACTOR shall initially configure the system in accordance 

with the design shown in the drawings. All the access control requirements, alarm 
point definitions, alarm point call up and in/out relationships, individual component 
descriptions, and any other programmable parameters required shall be as shown in 
the appropriate drawings and schedules. The OWNER shall perform any additional 
programming with the assistance of the CONTRACTOR. 

 
1.10 TRAINING 
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A. The CONTRACTOR shall supply personnel to create a cadre of key OWNER 
employees in the operation and maintenance of the installed system. A training 
program shall be designed to provide a comprehensive understanding and basic 
level of competence with the system. It shall be sufficiently detailed to allow OWNER 
personnel to operate the system independent of any outside assistance.  

 
B. The training plan shall include detailed session outlines and related reference 

materials. The OWNER personnel shall be able to utilize these materials in the 
subsequent training of their co-workers.  

 
C. Provide two sessions. Each training session shall be 2-hour and shall consist of 

system training and maintenance familiarization training. Contractor shall also 
provide a (2) hour follow-up training session shall be provided to customer within 60 
days of initial training. 

 
D. The specified training schedule shall be coordinated with the OWNER. Specific 

schedules shall be established at the convenience of the OWNER. 
 

1.11 COORDINATION WITH OTHER TRADES 
 

A. Coordinate access control system connections and equipment locations with other 
equipment, construction, and installers prior to ordering or installing any wiring, 
materials, etc. 

 
1. Electrical latch retraction push bars, door handsets, door strikes, releases, 

and hardware. 
2. Fire Alarm systems. 
3. Intrusion Detection system. 
4. Door/frame installation. 
5. Communication/Network Systems. 

 
1.12 SUPERVISION OF WORK 

 
A. The CONTRACTOR shall personally, or through an authorized and competent 

representative, constantly supervise the work from beginning to completion and shall, 
within reason, keep the same workmen and foreman on the project throughout the 
duration.  

 
B. Site Project Manager: ordinate intrusion detection system connections and 

equipment locations with other equipment, construction, and installers prior to 
ordering or installing any wiring, materials, etc. 

 
1. The CONTRACTOR shall provide a Site Project Manager to interface with all 

appropriate subcontractors during the installation of the system. 
2. The Site Project Manager shall maintain continuing coordination with the 

CUSTOMER Project Coordinator, keeping him abreast of progress and 
informed on any problems that may develop. This is absolutely essential so 
that interference with daily facility operations is held to the minimum. 

 
 

PART 2  PRODUCTS 
 

2.1 MANUFACTURER 
 

A. No Substitutes. To insure system uniformity and compatibility with all other 
Washington County Public Schools Access systems, alternative equipment other 
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than the exact make and model number identified in this specification will not be 
accepted. 

 
B. All equipment shall be of the same design and manufacturer as existing access 

control systems currently in use by Washington County Public Schools. PROVIDE 
HONEYWELL PRO SERIES CONTROL PANELS/CARD READERS and related 
equipment as specified. Alternative manufacturers will not be compatible with the 
existing equipment and will not be accepted.  

 
C. The quantities of components shall be determined and installed by the Contractor 

based on the requirement to provide a fully operational Integrated Security 
Management System (ISMS), as per the intent of the specification, and as shown on 
the drawings and recommended by the Manufacturer. 

 
D. The system shall operate under OS 64-bit and 32-bit Microsoft Windows® Server 

2008 R2 SP1, Microsoft Windows® 7 SP1 (64-bit), Windows Server 2012 R2,  
Windows 8.1 and Windows 10. 

 
E. Communication between satellite stations and the master file server station shall be 

in accordance with conventional Windows LAN/WAN operation using TCP/IP 
protocol. 

 
2.2 FRONT END SYSTEM 

 
A. The master file server station, stand-alone stations, and workstations shall utilize 

compatible desktop (full-size) or Server computers (PCs). The requirements for the 
PC shall be scaled according to system application requirements. The work station 
shall be provided by the customer. 

 
2.3 FRONT END SOFTWARE SPECIFICATIONS 

 
A. The System software shall be HONEYWELL ACCESS SYSTEMS WIN-PAK PRO PE 

WPP45. The OWNER shall provide the server. 
 

2.4 ACCESS CONTROL FIELD HARDWARE DEVICES 
 

A. 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. The system shall include 
the following PRO3200 series components:  

 
1. Intelligent Controller shall be HONEYWELL ACCESS SYSTEMS PRO32IC. 

A PRO32IC shall link the security management system software to all other 
field hardware components (card reader modules and input and output 
control modules). The PRO32IC shall provide full distributed processing of 
access control and alarm monitoring operations. Access levels, hardware 
configurations, and programmed alarm outputs assigned at the 
administration workstation shall be downloaded to the PRO32IC, which shall 
store the information and function using its high-speed, local 32-bit 
microprocessor. All access granted/denied decisions shall be made at the 
PRO22IC to provide fast responses to card reader transactions. 
a. Networking of PRO32IC: The system shall include a built-in network 

interface module. The interface shall be 10/100 Mbps Ethernet 
based and capable of residing on a local area network (LAN) or wide 
area network (WAN) without connectivity to a PC serial port. 
PRO32ICs with the network interface module shall be able to 
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communicate with the database server through industry standard 
switches and routers. 

b. Offline Operation: In the event that the PRO32IC loses 
communication with system software, it shall continue to function 
normally (stand-alone). While in this offline state, the PRO32IC shall 
make access granted/denied decisions and maintain a log of the 
events that occur. Events shall be stored in local memory and 
uploaded to the system software after communications are restored. 

c. Features: The PRO32IC shall contain the following features: 
i. Communications: The following communication formats shall be 

supported: 
• RS-232 at a speed of 38.4 Kbps 
• RS-485 at a speed of 38.4 Kbps. 
• Ethernet at 10/100Mbps (10/100BASE-T, RJ45)  

ii. Memory: 
• Real time program updates, and overall host 

communications shall utilize flash memory. 
• Can be configured for up to 50,000 cardholders and 

35,000 event buffer. 
iii. Additional ports shall be provided for connecting card readers 

and data gathering panels via RS-485 multi-drop wiring 
configuration. Two (2) ports shall be available with up to 8 total 
boards connected in any combination. 

iv. Devices: Up to 8 devices consisting of reader interface modules, 
input modules, and output modules shall be supported. The 
devices shall be connected in any combination. 

v. Processor: The PRO32IC shall contain a 32-bit processor. 
vi. Light emitting diodes (LED) shall indicate status of components 

and communication links. 
vii. Readers: The PRO32IC shall support the following: 

• Up to eight card formats and facility codes. 
• Multiple card technologies. 
• Biometric interface support. 
• Integration with other manufacturers’ card readers. 
• Issue code support shall be provided for both magnetic 

and Wiegand card readers. 
• Up to eight-digit PIN codes. 

viii. Electrical Power: 
• Primary input power shall be 12VDC+15%@ 350 mA 

with an operating range of 10 VDC to 16VDC. 
• The PRO32IC shall be equipped with an uninterruptible 

power supply (UPS) and backup battery. 
2. Dual Reader Module shall be HONEYWELL ACCESS SYSTEMS PRO32R2: 

The PRO32R2 shall provide an interface between the PRO32IC and the card 
readers. The PRO32R2 shall operate with any card reader that produces a 
standard Wiegand (Data 1/Data 0) or Clock and Data communication output. 
A single PRO32IC shall be able to multi-drop up to sixteen (16) PRO32R2s. 
The following requirements shall also apply: 
a. Each PRO32R2 shall support two card readers, each of which may 

be up to 500 feet from the PRO32R2. 
b. Up to 16 PRO32R2s shall be connected to each PRO32IC. 
c. Each PRO32R2 shall include Three (3) relay inputs and two (2) relay 

outputs per reader.  Two (2) additional inputs and two (2) additional 
outputs shall be available when the module is mounted flat. 

d. Up to eight (8) unique card formats shall be supported. 
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e. The PRO32R2 shall support three access modes upon loss of 
communication with the PRO22IC. These modes shall be: 
f. Locked/Unlocked/Facility code 

g. Input power shall be 12VDC+15%@ 175 mA with an operating range 
of 10 VDC to 14VDC. 

h. A PRO32R2 shall be provided to support integrated security system 
card readers for disarm functions. Provide a PRO22R2 for each 
security disarm station located on drawings. Connecting more than 
one reader per port will not be accepted.  

3. INPUT MODULE PRO32IN: The PRO32IN monitors all system alarm inputs. 
The following requirements shall apply: 
a. The PRO32IN shall provide up to sixteen (16) supervised alarm 

inputs to monitor and report fault conditions, (open, short, ground, or 
circuit fault) alarm conditions, power faults, and tampers. Upon alarm 
activation, the associated alarm condition shall be reported to the 
PRO32IC and subsequently to the system alarm monitoring 
workstation. 

b. Light emitting diodes (LED) shall indicate the status of the sixteen 
(16) alarm zones, cabinet tamper, and power fault. 

c. The input modules shall operate independently and in conjunction 
with the output modules (PRO32OUT), which shall send an output 
signal to a corresponding output device upon alarm activation. Upon 
alarm activation, the PRO32IN shall activate any or all alarm outputs 
within the PRO32OUT. The PRO32OUT shall provide sixteen (16) 
Form C outputs rated at 2A @ 30VDC. Upon receipt of an alarm 
input from the PRO32IN, the PRO32OUT shall transmit an activating 
signal to a corresponding output device. 

d. Up to eight (8) PRO32INs shall be connected to an available 
PRO32IC via RS-485 cabling. 

e. Diagnostic light emitting diodes (LED) shall indicate PRO32IC 
communication, input zone scanning, and PRO32IN heartbeat. 

f. The PRO32IN contains the following features: 
i. Alarm contact status scanning at up to 180 times per second for 

each zone. 
ii. Eight configuration DIP switches to assign unit addresses and 

communications speed. 
iii. A low power CMOS microprocessor. Filtered data for noise 

rejection to prevent false alarms. 
iv. Two form-C, 2A @ 30VDC contacts for load switching. 
v. Two dedicated inputs for tamper and power status. 
vi. Individual shunt times (ADA requirement). 

g. Input power shall be 12VDC+15%@ 350 mA with an operating range 
of 10 VDC to 16VDC. 

4. OUTPUT MODULE PRO32OUT: The PRO32OUT incorporates sixteen (16) 
output relays that are capable of controlling a corresponding output device 
upon any input activation or on command from the system. 
a. Output relays shall be capable of responding to: 

i. Input alarms from within the same PRO32IC. 
ii. Commands from a system operator. 
iii. Time zone control commands for automatic operation. 

b. Output relays shall be capable of: 
i. Pulsing for a predetermined duration, which shall be 

programmable for each relay individually. 
ii. Following any input point from a PRO32IN attached to the same 

PRO32IC (on with alarm, off when clear, or as required). 
iii. Responding on command from the system operator to pulse, 
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command on, command off, or reset to normal state. 
iv. Each PRO32OUT shall provide 16 form-C relays rated at 2A @ 

30VDC. The PRO32OUT shall control the relays via digital 
communication. Upon receipt of an input from the PRO32IN or 
command from the system operator, the PRO32IN will transmit 
an activating signal to the corresponding relay. 

v. Input power shall be 12VDC+15%@ 350 mA with an operating 
range of 10 VDC to 16VDC. 

5. Enclosure shall be HONEYWELL ACCESS SYSTEMS PRO22ENC1 wall 
mount enclosure. 

6. Power supply shall be HONEYWELL ACCESS SYSTEMS PRO32E1PS. 
7. Provide and install one (1) HONEYWELL ACCESS CONTROL PANELS to 

support access control and intrusion disarm readers.  
 

2.5 ACCESS CONTROL READERS 
  

A. Access control card readers shall be HONEYWELL ACCESS SYSTEMS 
OM40BHOND Contactless Smart Card Readers. 

 
1. Provide single gang surface mounting style 13.56 MHz contactless smart 

card readers suitable for minimal space mounting configurations as shown 
on the project plans.  

2. Provide manual bypass switch for each elevator 
3. Provide HONEYWELL ACCESS SYSTEMS OM40BHOND Contactless 

Smart Card Readers for all locations shown on drawings. . 
 

2.6 INTRUSION DETECTION DISARM READERS 
  

A. Intrusion detection arm/disarm readers shall be HONEYWELL ACCESS SYSTEMS 
OM40BHONC Contactless Smart Card Readers. 

 
1. Provide single gang surface mounting style 13.56 MHz contactless smart 

card readers suitable for minimal space mounting configurations as shown 
on the project plans.  

2. Provide one (1) OM40BHOND reader located beside each Honeywell 6160 
security system keypad for integrated disarm functions. Readers shall be 
professionally labeled “DISARM”.  

3. Provide (1) PRO32R2 module to support each disarm card reader.  
a. The access system shall be integrated with the Honeywell Intrusion 

Detection System Access Control. Integration shall provide ability to 
arm/disarm intrusion system via card readers located beside each 
security keypad.  Utilizing trigger and procedures programming, card 
holders shall either be granted or denied access to the building 
based on the armed status of the intrusion alarm system (via 
programming, selected card users may be restricted access to the 
building when the intrusion alarm system is armed).   

b. Security/access system shall log arm/disarm events by user in event 
history log. 

4. Provide (1) LANSRLU1 Ethernet Serial Converter for integration with 
Honeywell Access and CCTV systems.  

5. Provide one (1) PRO32OUT relay for integration with Honeywell intrusion 
detection system 

 
2.7 ACCESS CONTROL CARDS 

 
A. Access control cards shall be HONEYWELL ACCESS SYSTEMS OKM2N34SP  
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1. The card shall be capable of accepting a slot punch on one end, allowing it to 

be hung from a strap/clip in a vertical orientation.  
2. The card shall meet the following standards for contactless smart cards: ISO 

15693 and ISO 14443B2.  
3. Facility code and card numbers shall be coordinated with owner. 

 
2.8 SURGE PROTECTION 

 
A. Access control panel surge suppressor shall be TRIPP-LITE IBAR12-20ULTRA.  

 
B. Electronic door hardware surge/noise suppressors shall be HONEYWELL S-4 (2 per 

door). 
 

C. Surge protection for electronic door hardware power supply shall be DITEK DTK-
120HW (1 per power supply). 

 
2.9 DOOR POSITION SENSORS  

 
A. Door status sensors shall be installed for each controlled access door. Door sensors 

contacts shall be Door contacts shall be HONEYWELL 3/4" diameter wide gap. 
 

B. Door lock status (latch bolt monitor built into electronic door hardware) sensors shall 
be  supervised to monitor door lock status for each controlled access door.  

 
C. A shunt lock shall be located at access control panel for manual bypass on/off control 

of door alarm sounders. A shunt lock shall be provided for each sounder. Shunt lock 
shall be HONEYWELL 4005 SERIES SHUNT LOCK with stainless steel face plate 
and back box.   

 
2.10 ELEVATOR CARD READER INTEGRATION 

 
A. Coordinate elevator access control system connections with elevator contractor. 

Provide a manual bypass switch for each access control relay output to allow 
manually bypassing of each card reader relay output to elevator control equipment. 
Bypass switches shall be installed on a cabinet in the elevator equipment room and 
shall be professional labeled and identified. 
  

B. All final connections inside elevator control panel shall be performed by the elevator 
contractor. 

 
2.11 ELECTRONIC DOOR EQUIPMENT 

 
A. Coordinate access control system connections with electronic door hardware and 

power supplies supplied and installed by door hardware contractor. Provide 
necessary make/break connections at power supplies provided by door hardware 
contractor(s). 

 
 

2.12 FLOOR PLAN GRAPHIC  
 

A. Provide floor plan graphic to include all card reader locations. Owner to provide floor 
plans in WMF format. .  

 
B. Program to allow multiple floor plans to be viewed simultaneously. . 
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2.13 INTEGRATED VIDEO INTERCOM ENTRY SYSTEM 
 

A. Install an integrated Video Entry System in accordance with manufacturer’s 
instructions at locations indicated on the Drawings and Riser Diagrams. 

 
B. The Video Entry System shall be the Aiphone Corporation “IS Series” integrated 

security and communication system. 
 

C. The following Aiphone IS Series components shall be installed: 
1. One (1) AIPHONE IS-CCU Central Control Unit (rack mount) 
2. One (1) AIPHONE IS-PS-UL Power Supply 
3. One (1) AIPHONE IS-RACK power supply rack 
4. One (1) APC SMT1500RM2U Uninterrupted Power Supply 
5. One (2) AXIS M7014 Video Encoders (for NVR recording of CCU analog 

outputs) 
6. Four (4) HONEYWELL HUTP214TM Passive Transceivers (2 per CCU 

output) 
7. Three (3) AIPHONE IS-MV Master Stations 

a. (1) Office Reception 
b. (1) Office Reception 
c. (1) Kitchen Office  (programmed for independent operation) 

8. Two (2) AIPHONE IS-DVF Video Intercom Door Stations (flush mount) 
a. (1) Main Entrance  
b. (1) Receiving  

9. Two (2) AIPHONE SBX-IS-DVF Video Intercom Door Station Back Box 
10. (*) Integrate with access control system for release of controlled doors 
11. (*) Integrate with IP camera surveillance system for recording of analog video 

outputs 
12. (*) Necessary CAT-6 cable per manufacturer’s specifications 
13. (*) Installation in accordance with manufacturer’s requirements. 
14. (*) Necessary programming for proper operation and in accordance with 

Owner’s requirements 
 

2.14 ACCESS CONTROL PARTS INVENTORY 
 

A. The CONTRACTOR shall maintain a stock of replacement parts sufficient to provide 
responsive same-day or next-day service with a minimum down time. Written 
verification of required inventory shall be provided prior to completion of installation. 

 
B. CONTRACTOR to maintain an inventory of one (1) of each of the following critical 

components: 
 

1. PRO32IC Intelligent Controller 
2. PRO32IN Input Module 
3. PRO32OUT Output Module 
4. PRO32R2 Two Reader Module 
5. PRO22DCC Daisy Chain Cable 
6. PRO22BAT1 Operational Backup Battery 
7. PRO32E1PS Power Supply  
8. OM40BHOND Smart Card Reader 
9. S-4 Suppresser kit  
10. LANSRLU1 Ethernet Serial Converter 
11. IS-MV Master Station 
12. IS-DVF Video Intercom Door Station 

 
 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

 

ACCESS CONTROL 28 13 00 - 17 of 20 

PART 3  EXECUTION 
 

3.1 GENERAL INSTALLATION 
 

A. Install, make fully operational, and test the access control system as indicated both 
on the drawings and in this specification. Where information is not available from the 
Owner upon request, the worst case condition must be assumed for bidding 
purposes to ensure a complete, functional system. Where appropriate, interfaces with 
the Customer’s Telecommunications System shall be coordinated with the Owner’s 
Representative. 

 
B. Where appropriate, interfaces with the Customer’s Telecommunications System shall 

be coordinated with the Owner’s Representative. 
 

C. All necessary back-boxes, pull-boxes, connectors, supports, conduit, cable, and wire 
shall be furnished and installed to provide a complete and reliable system. Exact 
location of all boxes, conduit, and wiring runs shall be confirmed with the OWNER or 
the owner’s representative. 

 
D. Install conduit, cable, and wire parallel and square with building lines, including 

raised floor areas. Conduit fill shall not exceed forty (40) percent. 
 

E. All equipment shall be rack-mounted with sufficient clearance to meet all applicable 
codes and facilitate observation and testing. All equipment shall be securely fastened 
with appropriate fittings to ensure positive grounding and be free of ground loops 
throughout the entire system. Units shall be installed parallel and square to building 
lines. All wires shall be gathered and fastened to create an orderly installation. 

 
3.2 WIRE AND CABLE 

  
A. After installation, and before termination, all wiring and cabling shall be checked and 

tested to ensure there are no grounds, opens, or shorts on any conductors or shields. 
A V.O.M. shall be utilized to accomplish these tests. 

 
B. Visually inspect wire and cable for faulty insulation prior to installation. Protect cable 

ends at all times with acceptable end caps except during actual termination. 
 

C. All wiring shall be installed concealed above ceiling and in walls.  Conductors shall be 
carefully cabled and laced.  All exposed wiring below ceiling shall be installed in EMT 
conduit or metal raceway wiremold.  Exposed wiring in public areas will not be 
accepted. All wiring shall be shielded. Use plenum cable. 

 
D. All cable shall be as specified by the manufacturer: All access control cables shall be 

plenum rated with shield. 
 

1. Card readers:            18-6 from card reader to access panel 
2. Door status:               18-2 from door status sensor to access panel 
3. Door locks:                14-2 from door lock to power supply to access panel 
4. Panel integration        18-6 between existing and new access control panels 
5. Spare:                        18-4 from each door power supply to access panel 
6. Network connection:   CAT-6 from access panel to network connection  

 
E. Protect wire and cable from kinks. Provide grommets and strain relief material where 

necessary, to avoid abrasion of wire and excess tension on wire and cable. 
 

F. All cables, wires, wiring forms, antennas, terminal blocks, and terminals shall be 
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identified by labels, tags, or other permanent markings. The markings shall clearly 
indicate the function, source, and destination of all cabling, wiring and terminals. All 
cables and wires shall be identified, utilizing heat-shrunk, pre-printed, wire markers. 
Individual conductors shall be tagged with E-Z Code Markers indicating circuit 
number and type. Markers shall be used on all conductors at each outlet, pull box 
and termination points. 

 
3.3 INSPECTIONS 

 
A. Arrange all required inspections by the Authority Having Jurisdiction. 

 
1. Notify all parties of Inspection and results. 
2. Perform all adjustments, changes, etc. required. 

 
3.4 START-UP RESPONSIBILITY  

A. The Contractor shall properly ground each piece of electronic equipment prior to 
applying power. Properly ground all shielded wire shields to the appropriate earth 
ground at the hub end only, not at the remote or device end.  

B. The Contractor shall initiate system operation. Competent start-up personnel shall be 
provided by the Contractor on each consecutive working day until the system is fully 
functional and ready to start the acceptance test phase.  

C. Where appropriate, the Contractor shall bring the System online in its basic state. It is 
the responsibility of the Customer to provide the specific database information that 
will provide full, integrated system operation.  

 
3.5 PREPARATION FOR ACCEPTANCE (Prior to Final Inspection) 

A. Temporary facilities and utilities shall be properly disconnected, removed, and 
disposed of off-site.  

B. All systems, equipment, and devices shall be in full and proper adjustment and 
operation, and properly labeled and identified.  

C. All materials shall be neat, clean, and unmarred and parts securely attached.  
D. All broken work, including glass, raised flooring and supports, ceiling tiles and 

supports, walls, doors, etc. shall be replaced or properly repaired, and debris cleaned 
up and discarded.  

E. All extra materials as specified shall be delivered and stored at the premises as 
directed.  

F. Test reports of each system and each system component, and As-Built project 
drawings shall be complete and available for inspection and delivery as directed by 
the Customer.  

 
3.6 SYSTEM ACCEPTANCE REQUIREMENTS  

A. Before final acceptance of work, the Contractor shall perform and/or deliver each of 
the following in the order stated:  

 
1. Systems Operation and Maintenance Manuals. The Contractor shall deliver 

three (3) composite “Systems Operation and Maintenance” manuals in three 
ring binders, sized to hold the material below, plus 50% excess. Each 
manual shall contain, but not be limited to: 
a. A Statement of Guarantee including date of termination and the 

name and phone number of the person to be called in the event of 
equipment failure.  

b. A set of operational procedures for the overall system that includes 
all required Customer activities and that allows for Customer 
operation of all system capabilities. This procedure shall fully 
address all Customer established system operating objectives.  

c. Individual factory issued manuals, containing all technical information 
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on each piece of equipment installed. In the event such manuals 
cannot be obtained from a manufacturer, it shall be the responsibility 
of the Contractor to compile and include them. Advertising brochures 
or operational instructions shall not be used in lieu of the required 
technical manuals and information. All manuals shall be printed to 
ensure their permanence. No “blue line” type of reproduction is 
acceptable.  

2. System testing.  
a. Activate all alarm or other output devices that are in the system for 

proper operation, including supervisory and trouble circuit tests. 
b. A checkout report for each piece of equipment shall be prepared by 

the CONTRACTOR and submitted to the OWNER, one copy of 
which shall be registered with the equipment manufacturers. This 
report shall include a complete listing of every device, the date it was 
tested and by whom, and the results and date tested (if failure 
occurred during any previous tests). The final test reports shall 
indicate that every device tested successfully.  Submit two typed 
copies of the test reports on 8 ½” x 11” paper, in a neatly bound 
folder to the OWNER for approval. Failure to comply with this will 
result in a delay of final testing and acceptance. 

3. As-Built Drawings. After completion of all the tests listed above, and prior to 
the Final Acceptance Test, the Contractor shall submit the complete As-Built 
drawings as identified in Project Record Drawings. These drawings shall 
include: 
a. As-Built conduit layout diagrams, including wire and cable tag 

designations. 
b. Complete As-Built wiring diagrams, including complete terminal strip 

layout and identification, and wire termination and tagging for all 
conductors.  

c. Locations for all major equipment components installed under this 
specification.  

4. Final Acceptance Test. 
a. After the testing report and as-built drawings have been approved by 

the Customer’s representative, the completed system shall be tested 
in the presence of the Customer’s representative.  

b. Acceptance of the system shall require a demonstration of the 
stability of the system. This shall be adequately demonstrated if the 
system operates for a ninety (30) day period with a 99% system on-
line reliability. Should major equipment failure occur, the Contractor 
shall replace component(s). This test shall not start until the 
Customer has obtained beneficial use of the system.  Once the final 
test is complete, each purchased spare component must be inserted 
into the System and the System tested in potentially affected areas 
again to insure complete functionality. The original removed parts will 
become the System spares. 

5. Notice of Completion. 
a. When the Final Acceptance Test described above has been 

satisfactorily completed, the two (2) year guarantee period will start.  
 

3.7 WARRANTY SERVICE  
 

A. Warrant the equipment and wiring free from electrical and mechanical defects for a 
period of two years from the date of Owner’s acceptance of system. 

B. Fully qualified repair and maintenance personnel shall be available on a twenty-four 
(24) hour a day basis, three hundred and sixty-five (365) days a year, with four (4) 
hour maximum response time for service.  
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C. Normal service shall be defined as minor repairs and/or adjustments. Service of this 
nature shall be provided at no cost to the Customer during normal business hours, 
which are between 8:00AM and 5:00PM, Monday through Friday. For service calls 
requested by phone before 11:00 AM on a weekday, service shall occur on a same-
day basis.  

D. Emergency service shall be required for emergencies defined as critical equipment 
not being functional, and shall be furnished at no cost to the Customer during the 
warranty period. Emergency service shall respond within a four (4) hour period, 
twenty-four (24) hours per day, three hundred and sixty-five (365) days a year. A list 
of critical equipment shall be developed and coordinated by the Customer and the 
Contractor.  

 
 
 

END OF SECTION 28 13 00 
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SECTION 28 16 00- INTRUSION DETECTION 

PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This section includes furnishing, assembly, construction, installation, connection and test-
ing of a complete low voltage, addressable, microprocessor based, integrated intrusion 
detection system. 

 
1.2 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

  
B. Related Sections: The following sections contain requirements that relate to this Section: 

 
1. Division 28 Section “Fire Alarm Systems” for coordination and interface with fire 

alarm system.  
2. Division 28 Section “Access Control Systems” for coordination and interface re-

quirements. 
3. Division 28 Section “Camera Surveillance Systems” for coordination and inter-

face requirements. 
4. Division 26 Section “General Electrical Requirements.” 
5. Division 26 Section “Grounding” for grounding, requirements of equipment. 
6. Division 26 Section “Conductors and Cables” for cabling requirements. 
7. Division 26 Section “Raceways & Boxes” for conduit, raceway and box require-

ments. 
8. Division 27 Section “Telecommunication Systems” for coordination with tele-

phone system, network and communication voice cable requirements. 
 
1.3 GENERAL 
 

A. Coordinate all related work, specified elsewhere, with the intrusion detection equipment. 
 

B. This Intrusion Detection System shall include motion detectors, door sensors, glass break 
sensors, signal equipment, controls, wiring, raceways, and devices.  Provide all other ac-
cessories and miscellaneous items required for an operating system. 

 
C. Installer shall meet the entire intent of these specifications and associated drawings.  De-

viations from specified equipment and/or operation of the system shall not be permitted. 
 
1.4 SUBMITTALS 
 

A. General:  Submit the following according to the Conditions of the Contract and Division 1 
Specification Sections. 

 
B. Product data, including dimensions, construction, materials, performance data, etc. 
 
C. Provide proof of required certifications and installer qualifications. 

 
D. Operation and maintenance data for materials and products to include in the "Operating 

and Maintenance Manual" specified in Division 1. 
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E. Provide submittal data for each system, as follows: 
1. To verify specifications have been met.  
2. Clearly indicate or state all options, etc.: 

a. Manufacturer/cat. number. 
b. Manufacturer’s options. 
c. Accessories. 
d. Indicate point of connections with other equipment or systems. 

3. Bill of materials showing quantities and model numbers. 
4. Manufacturer's data on all proposed equipment. 

a. Highlight or clearly indicate all items to be provided. 
5. Proof of component and central station UL Listing. 
6. Sequence of operation for all modes: 

a. Alarm conditions. 
b. Trouble conditions. 
c. Entry/Exit procedures. 
d. Arming/disarming functions. 
e. Zone bypass/shunt functions. 
f. Other functions (Programming, Reset, etc.). 

7. Drawings: 
a. Riser diagrams showing all devices and wiring types. 
b. Wiring connection diagrams for each connected device. 
c. Details/drawing of remote annunciator panel(s) or arming stations. 

 
1.5 QUALITY ASSURANCE 
 

A. Manufacturer’s Qualifications:  All system components shall be furnished by manufactur-
ers of established reputation and experience who shall have produced currently operating 
Integrated Intrusion Detections Systems.  Manufacturer shall be able to refer to similar 
installations rendering satisfactory service. Proposed equipment manufacturer must meet 
the following: 

 
1. All products designed and manufactured to ISO 9001 standards. 
2. Engaged in manufacturing of Intrusion Detection Systems at least 10 years. 
3. System shall be of latest design.  No obsolete or pending obsolete parts shall be 

used. 
4. Provide technical support to installer. 

 
B. Installer Qualifications:  Engage an experienced factory-authorized Installer to perform 

work of this Section. 
 

1. Installing contractor must meet the following: 
a. Factory trained Technicians to install the proposed system. 
b. The installer must be certified by Honeywell Integrated Security Dealer 

Service Certification Program (DSCP).  
c. The installer shall be installer shall be a Honeywell Commercial Security 

Systems (CSS) Dealer. Proof of compliance with manufacturer’s system 
installation certification program must be provided in writing to owner 
along with submittal. 

d. Contractor shall maintain a minimum of one (1) employee possessing a 
valid certificate of competency issued by the National Institute of Certifi-
cation in Engineering Technologies (NICET Level 3 or 4 for Fire Alarm 
Systems). Contractor shall be shall provide annual information on NICET 
certificate holders employed by their company for the purpose of mainte-
nance, repair or inspection activities. 

e. Shall be an authorized AlarmNet Central Station provider with a mini-
mum (3) years experience monitoring, installing and servicing AlarmNet 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

INTRUSION DETECTION 28 16 00 - 3 of 18  

communication equipment.  
f. Shall provide network compatible Honeywell Compass support for up-

load/download services.  
g. Company shall employ experienced installation and service Technicians 

that are certified to work with Network systems (minimum CompTIA Net-
work+ Certified).  

h. Hold all legally required state and local contractor’s licenses necessary 
to accomplish the installation and activation of the described system. 
Copies of required licenses shall be submitted prior to start of work. 

i. Provide list of technical support staff, project experience, training, etc. as 
requested.  Staff must be factory trained or have received on-site training 
from manufacturer. 

j. Make all final connections, adjustments, and supervision for system test-
ing. 

k. Provide all system programming. 
2. Provide references upon request: 

a. Names of (6) similar projects in size and scope. 
b. Contact person and phone number for each project. 

 
C. Single source responsibility:  The complete performance of the assembled system, in-

cluding all accessories shall be the sole responsibility of the supplier. It is the installer’s 
responsibility to ensure that all factory and field installed accessories and loose compo-
nents used in the system, meet these specifications, and perform up to the stated and 
tested standard. 

 
D. Comply with the applicable building code, local ordinances, and regulations, and the re-

quirements of the authorities having jurisdiction.  Installation and operation shall conform 
to the latest applicable requirements of the following publications: 

 
1. National Fire Protection Association (NFPA): 

a. NFPA 70 National Electrical Code 
b. NFPA 101 Code for Safety to Life from Fire in Buildings and Struc-

tures 
2. Underwriters Laboratories (UL): 

a. Electrical Construction Materials Directory 
3. Factory Mutual Approval Guide 
4. American Insurance Association Fire Protection Code (Article 14) 
5. Building Officials and Code Administration (BOCA) National Building Code 
6. Americans with Disabilities Act (ADA) 
7. Occupational Safety and Health Act 

 
E. Certification of all system components: 

 
1. Catalogued by the system manufacturer. 
2. UL Listing of each component individually. 
3. All components shall be recognized by the control system manufacturer for use 

and compatibility with proposed system. 
 
 
1.6 COORDINATION WITH OTHER TRADES 
 

A. Coordinate intrusion detection system connections and equipment locations with other 
equipment, construction, and installers prior to ordering or installing any wiring, materials, 
etc. 

 
1. Electrical door strikes, releases, and hardware. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

INTRUSION DETECTION 28 16 00 - 4 of 18  

2. Fire Alarm systems. 
3. Access Control systems. 
4. Door/frame installation. 
5. Communication/Network Systems. 

 
B. Coordinate protection/detection zones with Owner, or other structural elements, and 

specifications for proper function.  Specifically, coordinate the arming/bypass of any sub-
zones from remote entry points while remainder of building is protected. 

 
1.7 SYSTEM OPERATION 
 

A. System shall detect unauthorized entry via: 
 

1. Magnetic door contacts. 
2. Interior motion detectors. 

 
B. Addressable system:  Initiating devices shall report via individual addresses for specific 

alarm point identification.  All zones shall report in alpha/numeric English language for 
ease of identification of trouble and zone alarms. 

 
C. The control/communicator shall be a single Commercial UL approved microprocessor 

unit with the ability to monitor and report up to 8 individual partitions, and up to 128 
zones. 

 
D. All alarms and reporting shall be via LCD status message display.  Remote arming sta-

tion/annunciator panels shall display all alarms, trouble messages, etc. in alpha/numeric 
English language. 

 
E. Upon detection of unauthorized entry, the system shall report alarm information at the 

main control panel, display alarm information at the remote annunciator panels, and send 
all digital reports to a central station alarm monitoring company.   

 
F. The system alarm shall activate audible interior and exterior speaker/sirens at the build-

ing. Exterior sirens shall be supervised with tamper switch. 
 

G. Security alarm system shall have ability for programmed partitioning to allow after hours 
use of defined areas while the remainder of the building is armed.     

                                        
H. System shall include a voice annunciation alert interface. Provides voice message pre-

alert prior to security system arming. Upon arming of system, a pre-alert voice message 
shall annunciate throughout the facility. A custom voice message shall alert any remain-
ing occupants that system will be activated in 5 minutes or time period as instructed by 
owner. Provide a line level output for connection to PA, intercom or telephone system.  

 
 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURER 
 

A. No Substitutes. To insure system uniformity and compatibility with all other Washington 
County Public Schools Intrusion systems, alternative equipment other than the exact 
make and model number identified in this specification will not be accepted. 

 
B. All equipment shall be of the same design and manufacturer as existing Intrusion Sys-

tems currently in use by Washington County Public Schools. Provide Honeywell control 
panel/keypad and related equipment as specified. Alternative manufacturers will not be 
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compatible with the existing equipment and will not be accepted.  
 
2.2 CONTROL/COMMUNICATOR PANEL 
 

A. Control Panel - The control panel shall be an eight (8)-partition, UL commercial burglary 
control panel that supports up to 128 zones using basic hardwired, polling loop, and wire-
less zones.  It shall also provide supervision of the bell output, RF receivers, and relay 
modules.  In addition, the control shall provide the ability to schedule time-driven events, 
and allow certain operations to be automated by pressing a single button.  The system 
shall be capable of interfacing with an ECP long range radio (LRR) unit that can send 
Contact ID messages, and alphanumeric paging devices.  The control shall provide inte-
grated access control and CCTV-switching capability. 

 
1. Basic Hardwired Zones - The control shall provide eight (8) style-B hardwire 

zones with the following characteristics:12 VDC operation for all powered devic-
es. 
a. EOLR supervision (optional for zones 3-8): Shall support N.O. or N.C. 

sensors (EOLR supervision required for UL installations). 
b. Individually assignable to one of eight (8) partitions. 

2. Expansion zones. 
a. Polling Loop Expansion – The control shall support up to 120 additional 

hardwire zones using a built-in two-wire polling (multiplex) loop interface.  
The polling loop shall provide power and data to remote point modules, 
and constantly monitor the status of all zones on the loop. Maximum cur-
rent draw shall not exceed 128 mA. The polling loop zones shall have 
the following characteristics: 
1) Interface with RPM (Remote Point Module) devices that provide 

Class B, Style Y (e.g., 4208U/4208SN) or a combination of Class 
B, Style Y, and Class A, Style Z (e.g., 4208SNF) zones. 

2) Individually assignable to one of eight (8) partitions. 
3) Supervised by the control panel. 
4) Each RPM (Remote Point Module) enclosure shall be tamper 

protected. 
b. Optional wireless expansion – The control shall support up to 128 wire-

less zones using a 5800 series RF receiver (fewer if using hardwire 
and/or polling loop zones).  Wireless zones shall have the following 
characteristics: 
1) Supervised by control panel for check-in signals (except certain 

non-supervised transmitters).  
2) Tamper-protection and Supervised by the control panel.  
3) Support wireless devices listed for Commercial Burglary using 

optional 5881ENHC RF Receiver. 
3. Partitions - The control shall provide the ability to operate eight (8) separate are-

as, each functioning as if it had its own control.  Partitioning features shall in-
clude: 
a. A Common Lobby partition (1-8), which can be programmed to perform 

the following functions: 
1) Arms automatically when the last partition that shares the com-

mon lobby is armed.  
2) Disarm when the first partition that shares the common lobby is 

disarmed. 
b. A Master partition (9), used strictly to assign keypads for the purpose of 

viewing the status of all eight (8) partitions at the same time (master key-
pads). 

c. Assignable by zone. 
d. Assignable by keypad. 
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e. Assignable by relay to one or all eight (8) partitions. 
f. Ability to display burglary and panic and/or trouble conditions at all other 

partitions’ keypads (selectable option).  
g. Certain system options selectable by partition, such as entry/exit delay 

and subscriber account number. 
4. User codes - . The control shall accommodate 150 user codes, all of which can 

operate any or all partitions.  Certain characteristics must be assignable to each 
user code, as follows: 
a. 7 Authority levels (Master, Manager, or several Operator levels).  Each 

User Code (other than the installer code) shall be capable of being as-
signed the same or a different level of authority for each partition that it 
will operate. 

b. Opening/closing central station reporting option. 
c. Specific partitions that the code can operate. 
d. Global arming capability (ability to arm all partitions the code has access 

to in one command). 
e. Use of an RF (button) to arm and disarm the system (RF key must first 

be enrolled into the system). 
1) Arms automatically when the last partition that shares the com-

mon lobby is armed.  
2) Disarm when the first partition that shares the common lobby is 

disarmed. 
5. Peripheral Device - The control shall support up to 30 addressable ECP devices, 

which can be any combination of keypads, RF receivers, relay modules, annun-
ciator modules, and interactive phone modules.  Peripheral devices have the fol-
lowing characteristics:  
a. Each device set to an individual address according to the device's in-

structions.  
b. Each device enabled in system programming. 
c. Each device’s address shall be supervisable (via a programming option).  

6. Keypad/Annuciator -  The control shall accommodate up to 16 keypads or three 
(3) touch-screen (i.e.; advanced user interface) keypads.  
a. Performing all system arming functions. 
b. Being assigned to any partition. 
c. Providing four programmable single-button function keys, which can be 

used for: 
1) Panic Functions –activated by wired and wireless keypads; re-

ported separately by partition. 
2) Keypad Macros –32 keypad macro commands per system (each 

macro is a series of keypad commands).  Assignable to the A, B, 
C, and D keys by partition. 

7. Programmable output relays - A total of 96 relay outputs shall be accommodated 
using relay modules. Each relay module shall provide four (4) Form C (normally 
open and normally closed) relays for general-purpose use or two (2) Class-B, 
Style-Y supervised notification appliance circuit outputs, when using the 4204CF 
module. The relays shall be capable of being:  
a. Programmed to activate in response to system events. 
b. Programmed to activate using time intervals. 
c. Activated manually. 
d. Assigned an alpha descriptor. 
e. Used for Class B, Style-Y supervised bell outputs (4204CF module). 
f. A combination of 4204 (ECP) and 4101SN (polling loop) relays. 

8. Optional Vista Interactive Phone Module – The control shall support the Honey-
well 4286 VIP Module, which permit access to the security system in order to 
perform the following functions:   
a. Obtain system status information. 
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b. Arm and disarm the security system. 
c. Control relays. 

9. Integrated Access Control – The control shall integrate with the Honeywell Ac-
cess Control System as follows:   
a. Receive a command from the access system to arm or disarm the securi-

ty system via separate arm and disarm readers located beside each se-
curity entry keypad. Security/access system shall log arm/disarm events 
by user in event history log. 

b. Annunciate door ajar status of all access control doors via Honeywell 
6160 keypad/annuncitor located in the General Office Reception area. 

10. Integrated CCTV Control – The System shall be integrated with the CCTV sys-
tem to provide enhanced recording performance during any alarm condition. The 
CCTV system shall be fully integrated and be event driven by Burglary or Access 
events. Utilize Honeywell 4204 intelligent module. 

11. Commercial Wireless Equipment – The Control shall be compatible with UL 
Listed Commercial Wireless Security equipment for future applications:   
a. ADEMCO 5881ENHC Commercial Fire/Burg Receiver. - The receiver 

shall be capable of receiving as many points as the control panel is rated 
for.  Up to two (2) Receivers may be used on any system.  Receivers 
may be remotely located anywhere on the system Keypad/Annunciator 
bus. 

b. ADEMCO 5817CB Wireless Universal Contact Monitoring Transmitter - 
This device shall be capable of making any conventional UL listed con-
tact device a wireless device. The device shall be UL listed as follows: 
UL 985 for fire and UL 365, 609, 1023, 1076 and 1610 for security and 
nurse call.  

c. ADEMCO 5869 Wireless Hold Up Switch/Transmitter - This device shall 
be UL 636 listed for commercial burglary applications. 

12. Optional Keyswitch – The control shall support the ADEMCO 4146 Keyswitch on 
any one of the system's 8 partitions.  If used, zone 7 is no longer available as a 
protection zone. 

13. Voltage Triggers – The system shall provide voltage triggers, which change state 
for different conditions.  Used with LRR (Long Range Radio) equipment or other 
devices such as a remote keypad sounder, keyswitch ARMED and READY 
LEDs, or a printer to print the system's event log. 

14. Event Log – The System shall maintain a log of different event types (enabled in 
programming).  The event log shall provide the following characteristics:   
a. Stores up to 512 events. 
b. Viewable at the keypad or through the use of Compass/Navigator soft-

ware. 
c. Printable on a serial printer using a 4100SM Module including zone al-

pha descriptors. 
d. Sends printed events to up to eight (8) alphanumeric pagers. 

15. Scheduling - Provides the following scheduling capabilities: 
a. Open/close schedules (for control of arming/disarming and reporting). 
b. Holiday schedules (allows different time windows for open/close sched-

ules). 
c. Timed events (for activation of relays, auto-bypassing and un-bypassing, 

auto-arming and disarming, etc.). 
d. Access schedules (for limiting system access to users by time). 
e. End User Output Programming Mode (provides 20 timers for relay con-

trol). 
f. The system shall automatically adjust for daylight savings time. 

16. Communication Features - Supports the following formats and features for the 
primary and secondary central station receivers: 
a. Formats 
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1) ADEMCO Contact ID (communication format to be utilized). 
2) ADEMCO Low Speed (Standard or Expanded). 
3) Sescoa/Radionics. 
4) ADEMCO Express. 
5) ADEMCO High Speed. 

b. Backup reporting – The system shall support backup reporting via the 
following: 
1) Secondary phone number. 
2) ECP long-range radio (LRR) interface. 
3) Option to select long range radio (LRR) or dialup as the primary 

reporting method (dynamic signaling feature). 
c. Internet reporting – The system shall be capable of communicating with 

the central station via the internet using Alarmnet-i. It shall shall provide 
the user with the ability to control the system via a browser interface (i.e., 
AOL, Netscape, Internet Explorer). All packet data transmitted to the 
monitoring station shall be encrypted with a minimum of 1024 bits of en-
cryption. 

17. Cross-Zoning Capability - Helps prevent false alarms by preventing a zone from 
going into alarm unless its cross-zone is also faulted within 5 minutes. 

18. Optional Pager Interface – The Control Panel shall be capable of sending event 
information to an alphanumeric pager via a VA-8201 pager interface device. 

19. Exit Error False Alarm Prevention Feature – The System shall be capable of dif-
ferentiating between an actual alarm and an alarm caused by leaving an en-
try/exit door open.  If not subsequently disarmed, the control panel shall: 
a. Bypass the faulted E/E zone(s) and/or interior zones and arm the sys-

tem. 
b. Generate an Exit Error report by user and by zone so the central station 

knows it was an exit alarm and who caused it. 
20. Built-in User's Manual and Descriptor Review - For end-user convenience, the 

control panel shall contain a built-in User’s Manual. It shall include the following 
capabilities: 
a. By depressing any of the function keys on the keypad for five (5) sec-

onds, a brief explanation of that function shall scroll across the alphanu-
meric display. 

b. By depressing the READY key for five (5) seconds, all programmed zone 
descriptors shall be displayed (one at a time). This feature shall provide 
a check for installers and ensure all descriptors have been entered 
properly. 

21. Programming - The installer shall be capable of  programming the control locally 
or remotely using the Honeywell Compass Downloader and shall be capable of: 
a. Uploading and downloading all programming information. 
b. Uploading and displaying firmware revision levels from the control. 

22. Panel Linking - The Control shall be capable of being networked together with up 
to eight other controls and being operated by any keypad within the system. It 
shall provide the ability for users to: 
a. Control multiple zones, partitions, and/or buildings from a central loca-

tion. 
b. Check status, arm and disarm any partition from any keypad in the sys-

tem. 
c. Globally arm or disarm partitions based upon user authority. 

23. Automation Software - The Control shall be capable of interfacing with automa-
tion software via an RS232 input on a single partition. 

24. The Control Panel shall be enclosed in a tampered attack resistant cabinet. Uti-
lize HONEYWELL UL-KT cabinet. 

25. The control panel shall be the HONEYWELL VISTA-128FBP Commercial 
Fire/Burglary System with panel mounted 6160CR annunciator, ECP-ISO ECP 
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Isolator, 4100SM interface and two (2) 12Ah batteries. The 4100SM shall provide 
integration with the Honeywell Win-Pak PE access system. 

 
B. System shall operate as an addressable system on twisted pair communication wires.  

Provide shielded wire for all circuits per Manufacturer’s specifications.  
 

C. Upon arming the system from the remote stations, the user shall have a (programmable) 
delay to exit and secure the building prior to actual activation of detector zones. 

 
2.3 REMOTE KEYPAD ANNUNCIATORS 
 

A. Provide remote keypad annunciators as shown on drawings for control of security system 
from selected entry points. 

 
1. Semi- flush wall mounted. 
2. Touch pad for arming and disarming system. 
3. LED's for status indication. 

a. Green LED - normal status, READY TO ARM. 
b. Red LED - system ARMED. 

4. The installer shall select a height recommended by ADA standards, and mount 
the keypad onto back box, ensuring that the keypad is level. Where possible, the 
installer shall align the keypad with other nearby switches or fixtures. 

5. The installer shall route the system’s ECP bus to the location of each system 
keypad. Keypad leads shall be connected to the ECP bus according to manufac-
turer instructions.  

 
B. Alpha/numeric English language display: 

 
1. Pre-programmed message display any system alarm or trouble condition. 
2. When in ready mode, display shall indicate SYSTEM READY. 
3. 32 character backlit LCD display (16 x 2 lines). 
4. Keypad shall be UL approved. 

 
C. System shall be disarmed through use of integrated Access Control System Smart Card 

Readers via authorized Smart Cards.   
 

D. Entry into the armed building shall require the user to deactivate the system via entry of 
number code at touch pad or integrated access system Smart card.  A warning tone shall 
sound upon entry identifying that the system has been breached and must be deactivated 
within an adjustable time period.  A 45 second delay shall be present prior to general 
alarm for entry doors at the remote arming stations only.  Entry through any other door or 
into non-time-delay motion detector zones shall cause immediate alarm. 

 
E. Faulted zones shall be identified at all keypad/annunciator LCD message displays.  Prior 

to arming system, faulted zones must be corrected or bypassed. Any zone in fault shall 
cause the READY TO ARM message to extinguish at all arming stations, and shall pro-
hibit arming of the system. 

 
F. Keypad annunciators shall be HONEYWELL 6160.  

 
2.4 MOTION DETECTORS 
 

A. Motion detectors shall be dual technology with built-in addressable point module. 
 

B. Motion detector construction features: 
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1. Advanced dual core processor. 
2. K-Band microwave technology. 
3. PIR white light immunity. 
4. Flash light walk test. 
5. Fluorescent light filter 
6. Field adjustable sensitivity. 
7. Internal tamper switch contact. 
8. RFI immunity. 

 
C. Wall and ceiling mounted detectors:  

 
1. Detection patter: 53’ x 72’  
2. Standard mounting at 6 to 9 feet above floor. 
3. Installer shall activate all onboard tamper switches and equipment, and shall veri-

fy that the system responds to tamper activation according to the owner’s direc-
tion 

4. Motion detectors shall be HONEYWELL ADDRESSABLE DT8050A with SMB10 
and SMB10C mounting brackets.     

 
2.5 MAGNETIC DOOR CONTACTS 
 

A. Concealed magnetic door contact switches: 
 

1. Fully recessed in wood or steel doors and frames. 
2. 3/4" diameter, wide gap. 
3. Hermetically sealed contacts. 
4. Contacts supervised for open circuits, wiring shorts. 
5. Unaffected by normal temperature swings, vibration, shock, etc. 
6. Door contacts shall be HONEYWELL 947-75T with 4190SN remote point mod-

ule. Install on all main level perimeter doors.  
 

2.6 REMOTE POINT MODULES 
 

A. Provide V-Plex addressable Remote Point Modules (RPM’s) at every detection device to 
provide addressable interface and single point identification of each device via control 
panel.  RPM’s shall be mounted within 6 feet of each monitored device and shall be 
mounted in a 1900 box, with wiring connections made within box. 

 
B. A single RPM shall be permitted to monitor two door contact switches where the contacts 

are installed on two leaves of the same door. No more than one powered device (ie. mo-
tion and glass break sensors) shall be connected to a RPM. 

 
C. Provide all wiring for connection of RPM’s to Control panel and to each field device.  Pro-

vide wiring, connections and EOL resistors for each hard-wired device connection to 
RPM. 

 
D. Provide necessary RPM’s to supervise Access Control System door ajar alarm outputs. 

See Access Control System specification for detailed integration requirements.  
 
E. Provide HONEYWELL V-PLEX 4190SN REMOTE POINT MODULES.    

 
2.7 ZONE EXPANDER BOARDS 
 

A. Provide V-Plex zone expander boards to supervise Generator and Fire alarm system 
outputs. Expander boards shall be mounted inside a dedicated Honeywell UL-KT cabinet. 
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B. Provide dedicated zone expanders to supervise outputs from the Fire Alarm System and 
Generator.  

 
C. Provide all wiring for connection of Zone Expander’s to Control panel.  Provide connec-

tions and EOL resistors for each hard-wired device connection to Zone Expander. 
 
D. Provide two (2) HONEYWELL 4208SN ZONE EXPANDER BOARDS.    

 
2.8 V-PLEX BUS EXTENTION/ISOLATOR MODULES 
 

A. V-Plex bus branch circuits shall be scaleable to increase the total size of the bus in larger 
installations. Branch circuits leading from different areas of building or from different 
floors in multi-story buildings shall be isolated from one another so that a shorted or 
grounded branch circuit is isolated away from other near-side branch circuits, allowing 
other V-Plex devices to be isolated so that they can continue to operate. The installer 
shall follow manufacture’s instructions when installing and programming system equip-
ment. 

 
1. 12VDC power shall be provided by Honeywell supervised power supply.  
2. Each 4297 module shall connect to a number of devices, which Unit Loads add-

ed together shall not exceed 128mA. Devices remaining over 128mA shall be 
connected to a different 4297 module. (follow manufacturer’s documentation). 

3. The total V-Plex bus circuit shall not exceed a total cumulative length of 12,000 
feet. 

4. Provide one (1) HONEYWELL 4297 V-PLEX BUS EXTENSION MODULE 
mounted in UL-KT cabinet. 

5. Provide two (3) HONEYWELL VSI V-PLEX SHORT ISOLATORS.  
 

 
2.9 PROGRAMMABLE INTELLIGENT RELAYS 
 

A. Provide programmable relay boards installed within separate UL-KT cabinet beside Vista-
128FBP control panel.  Board shall consist of four (4) programmable relays capable of 
individual programmed response to system activity.  Relays shall contain Form C con-
tacts with N.O. and N.C. contacts rated 2.0 A @ 28VDC/AC. 
1. One (1) relay shall be programmed and wired to interior speaker/sirens. Relay 

shall be programmed to activate upon any alarm condition and deactivate upon 
alarm reset or time out period as defined by owner. 

2. One (1) relay shall be programmed and wired to exterior siren. Relay shall be 
programmed to activate upon any alarm condition and deactivate upon alarm re-
set or time out period as defined by owner. 

3. One (1) relay shall be programmed and wired to CCTV Surveillance System. Re-
lay shall be programmed to activate upon any alarm condition and deactivate up-
on alarm reset. 

4. One (1) relay shall be programmed and wired to CCTV Surveillance System to 
provide intrusion system armed/disarmed status.  

5. One (1) relay shall be programmed and wired to Honeywell Access Control Sys-
tem to provide intrusion system armed/disarmed status.  

 
B. Provide two (2) HONEYWELL 4204 PROGRAMMABLE INTELLIGENT RELAY 

BOARDS. 
 
 

2.10 AUDIBLE ALARM SIRENS  
 

A. Provide HONEYWELL 748LC OUTDOOR DUAL TONE SPEAKER/SIRENS as indicated 
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on drawings. Provide 4190SN RPM’s to supervise speaker tamper switch.  
 
B. System shall include a voice annunciation alert interface. Provides voice message pre-

alert within building prior to security system arming. Upon arming of system, a pre-alert 
voice message shall annunciate throughout the facility. A custom voice message shall 
alert any remaining occupants that system will be activated in 5 minutes or time period as 
instructed by owner. Upon alarm Provide a line level output for connection to intercom or 
telephone system. Provide two (2) ELK-120 RECORDABLE VOICE MODULES. 

 
2.11 AUXILIARY POWER SUPPLY 
 

A. Provide auxiliary power supply to supplement Honeywell control panel. Provide Honey-
well HP400ULPD8CB power supply with two (2) 7Ah batteries. Supervise low battery and 
AC power loss conditions with 4190SN RPM’s.  

 
2.12 SURGE PROTECTION 
 

A. Provide transient voltage surge protectors for each 120-volt circuit serving security alarm 
panel and auxiliary power supply(s).    

 
B. All surge protectors shall be hard wired and contained within metal enclosures.  Units 

shall be grounded per NEC and manufacturer's recommendations, and mounted adjacent 
to circuit source panel.  Phone line protectors shall be mounted adjacent to the main con-
trol panel. Provide two (2) DITEK DTK-120HW (control panel and aux. power) and two 
(2) Ditek DTK-MRJ-31XSCP (telephone line) surge protectors. 

 
2.13 SYSTEM FIELD WIRING 
 

A. All wiring shall be in accordance with manufacturer’s instructions and shall meet applica-
ble provisions of national and local codes. All system field wiring shall be supervised: 

 
1. UL Listed, NEC Type CMR. 
2. V-Plex wiring: Shielded, stranded copper # 16 AWG minimum size conductors, 

with drain wire. 
3. Keypad wiring: stranded copper #18 AWG 
4. Detector power and speakers: Unshielded, stranded copper # 16 AWG minimum 

size conductors. 
5. Plenum rated, teflon, halar, or other UL Listed insulation for plenum applications. 
6. Larger conductor sizes as recommended by manufacturer. 

 
2.14 INTRUSION DETECTION PARTS INVENTORY 
 

A. The CONTRACTOR shall maintain a stock of replacement parts sufficient to provide re-
sponsive same-day or next-day service with a minimum down time. Written verification of 
required inventory shall be provided prior to completion of installation. 

 
B. CONTRACTOR to maintain an inventory of one (1) of each of the following critical com-

ponents: 
 

1. VISTA-128FBP Control Communicator 
2. 5140DLM dialer 
3. 4100SM interface 
4. 6160 keypad  
5. 6160CR annunciator 
6. 4204 relay board 
7. 4190SN V-Plex remote point module 
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8. 4208SN V-Plex zone expander board 
9. 4297 V-PLEX module 
10. VPLEX-VSI isolator module 
11. DT8050ASN V-Plex Dual Technology motion sensor 
12. HP400ULPD8CB power supply 
13. 748LC outdoor speaker/siren 
14. ELK-120 voice module 

 
PART 3 - INSTALLATION 
 
3.1 INSTALLATION, GENERAL 
 

A. Install system according to NECA standards referenced in Parts 1 and 2 of this Section, 
and per manufacturer’s written instructions. 

 
3.2 EQUIPMENT INSTALLATION 
 

A. Mounting height for individual devices shall be as follows (all dimensions above finished 
floor): 
1. Motion Detectors   96" (6" below clg if <8') 
2. Remote keypads   54 inches 
3. Disarming keypads   54 inches 
4. Alarm horns/sirens (interior)  90" inches 
5. Control Panel    72 inches to top 

 
B. Wall mounted motion detectors: 

1. Provide recessed steel backbox for mounting of all detectors. 
2. Mount detectors at 8 foot AFF, unless otherwise noted. 
3. Install at locations and heights as recommended by detector manufacturer. 
4. Minimum of 12" of cable coiled inside box following connection to detector. 

 
C. Magnetic door contact switches: 

1. Coordinate with door/frame installer.  
2. Install contacts at top of door, except for overhead doors or otherwise noted. 
3. Install in locations of least visibility and where not subject to physical damage. 
4. For hollow frame doors: 

a. Concealed magnet and contact elements, recessed in door and frame. 
b. Flexible steel conduit from frame to accessible ceiling space for wiring. 
c. Route wiring concealed within frame. 

5. For grout or masonry filled hollow frame doors: 
a. Concealed magnet and contact elements, recessed in door and frame. 
b. 1" EMT conduit sleeve installed from exterior of frame top.  Install conduit 

sleeves prior to filling frames with grout. 
c. Extend EMT conduit to accessible ceiling space for wiring access. 
d. Install contact and wiring through sleeve in top of frame. 

6. For hollow aluminum storefront doors: 
a. Concealed magnet and contact elements, recessed in door and frame. 
b. Flexible steel conduit from top frame section (concealed) to accessible 

ceiling space for wiring. 
c. Route wiring concealed within frame. 

 
D. Control Panel: 

 
1. Surface mount.  

 
E. Remote Disarming Stations and Annunciators:  Arrange as indicated, with mounting 
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height of cabinets as indicated.  
 

1. Install semi-flush on back-box. 
F. Remote Auxiliary Power Supplies: 
 

1. Mount in accessible utility spaces, utility closets, etc. 
2. Do not mount above ceilings or in similar spaces. 
3. Surface mount in unfinished areas, or as indicated.  
4. Install in NEMA 1 enclosure with lock. 

 
3.3 WIRING WITHIN ENCLOSURES & CABINETS 
 

A. All wiring shall be installed in a workmanlike manner:  
 

1. Train parallel, or perpendicular, to surfaces. 
2. All connections made to terminal blocks. 
3. Label each terminal in accordance with the wiring diagram for identification. 
4. Crimp-on terminal spade lugs or approved pressure type terminal block connec-

tions. 
5. Terminal cabinet to be installed where circuit risers originate or where any circuit 

tap is made. 
6. All wiring within panels shall be readily accessible without removing any compo-

nent parts. 
7. Mark each terminal according to the system's wiring diagrams. 

 
3.4 FIELD WIRING 
 

A. Installation of intrusion detection system wiring: 
 

1. Install all wiring, without conduit or raceways, concealed within walls and above 
finished ceilings.  Use surface raceways where concealment is not possible. 

2. Wiring within walls shall be in rigid or flexible conduit. 
3. Do not mix detection system wiring with wiring of any other system. 
4. Use distinctive color-coding for insulation. Distinct from all power wiring colors. 
5. Do not install cabling where subject to damage from excessive heat, physical 

contact or abrasion. 
6. Provide adequate supports for cabling, as recommended by cable manufacturer, 

where not installed in cable tray.  Do not lay directly on ceilings. 
7. Do not install where subject to EMI or RFI interference.  Provide a minimum of 

12" of separation from: 
a. Lighting ballasts. 
b. Variable speed drives. 
c. Motors. 
d. Other electrified equipment. 

 
B. Cable Taps:  Use numbered terminal strips in junction, pull or outlet boxes, cabinets, or 

equipment enclosures where circuit connections are made. 
 
 
3.5 GROUNDING 
 

A. Ground cable shields and equipment according to system manufacturer's instructions to 
eliminate shock hazard and to minimize, to the greatest extent possible, ground loops, 
common mode returns, noise pickup, cross talk, and other impairments. 

 
B. Signal Ground Terminal:  Locate at main equipment rack or cabinet.  Isolate from power 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

INTRUSION DETECTION 28 16 00 - 15 of 18  

system and equipment grounding. 
 

C. Ground equipment and conductor and cable shields.  For audio circuits, minimize, to the 
greatest extent possible, ground loops, common mode returns, noise pickup, cross talk, 
and other impairments.  Provide 5-ohm ground at main equipment location.  Measure, 
record, and report ground resistance. 

 
3.6 ELECTRICAL POWER 
 

A. Connect control panel primary power to 120-volt AC power system, as indicated. 
 

1. Dedicated circuit. 
2. Circuit clearly marked "SECURITY ALARM" on panel directory. 
3. Locking clip for breaker handle to lock in "ON" position, but not prevent tripping of 

breaker. 
 
3.7 IDENTIFICATION 
 

A. Identify system components, wiring, cabling, and terminals according to Division 16 Sec-
tion “Basic Electrical Materials and Methods." 

 
3.8 SYSTEM PROGRAMMING 
 

A. Manufacturer shall provide a trained technician for field programming: 
 

1. Device addresses. 
2. Control function and monitoring modules. 
3. Message displays with signal type (i.e. motion detector, door contact, etc.) and a 

custom location message. 
4. Location messages shall be approved by Owner to determine exact wording of 

each location, room, floor or space. 
 

B. Technician shall provide additional reprogramming services as required for additional de-
vices added during construction, changes due to Final Inspection comments, and Owner 
changes of display messages, etc. 

 
3.9 FIELD QUALITY CONTROL 
 

A. Manufacturer's Field Service:  Provide services of a factory-authorized service repre-
sentative to supervise the field assembly and connection of components and the pretest-
ing, testing, and adjustment of the system. 

 
B. Pretesting: 

 
1. After installation, adjust the system and perform complete pretesting. 
2. Determine, through pretesting, the conformance of the system to the require-

ments of the Drawings and Specifications. 
3. Correct deficiencies observed in pretesting.  Replace malfunctioning or damaged 

items with new ones and retest until satisfactory performance and conditions are 
achieved. 

4. Prepare forms for systematic recording of acceptance test results. 
 

C. Report of Pretesting:  After pretesting is complete, provide a letter certifying the installa-
tion is complete and fully operable, including the names and titles of the witnesses to the 
preliminary tests. 
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D. Final Test Notice:  Provide a 10-day minimum notice in writing when the system is ready 
for final acceptance testing. 

 
E. Provide all testing to certify the system is complete and fully operable. 

1. Provide written statement of successful test results. 
2. Submit letter to Owner and Architect. 
3. Perform tests in presence of Owner or Authorized Representative. 
4. Manufacturer's technician shall be present to make adjustments related to the 

testing. 
 

F. Minimum System Tests:  Test the system according to the manufacturer’s recommended 
procedures. Minimum required tests are as follows: 
1. Absences of grounded, shorted or open circuits. 
2. Each initiating device functions as specified. 
3. Abnormal conditions on any supervised circuit or device provided specified trou-

ble signals. 
4. Batteries can operate the system, as specified. 
5. Automatic battery operation upon loss of AC power. 
6. All auxiliary functions are executed correctly, completely and as required. 
7. Communicator successfully transmits to UL Central Station, for each type of con-

dition. 
8. Verify the absence of unwanted voltages between circuit conductors and ground. 
9. Test all conductors for short circuits using an insulation-testing device. 
10. With each circuit pair, short circuit at the far end of the circuit and measure the 

circuit resistance with an ohmmeter.  Record the circuit resistance of each circuit 
on the record drawings. 

11. Verify that the control unit is in the normal condition as detailed in the manufac-
turer's operation and maintenance manual. 

12. Test each detection device for alarm operation and proper response at the con-
trol unit. 

13. Test each device for tamper alarm, where applicable, by actually opening the de-
vice to trigger the tamper switch. 

14. Perform a walk test of all system motion detectors to prove proper detection 
throughout the entire area. Verify that no blind or dead spots exist.  Make re-
quired adjustments to coverage pattern or aiming, to correct deficiencies. 
a. Test every magnetic contact switch by opening the associated door and 

verifying control system sensing. 
b. Test Both Primary and Secondary Power:  Verify by test that the sec-

ondary power system is capable of operating the system for the period 
and in the manner specified. 

 
G. Central Station Testing: Test all system devices including door and motion sensors to the 

local WCPS approved UL Listed central monitoring station. 
 

1. A print-out of all new devices installed shall be tested to the central station and 
be provided to the Owner upon completion.. 

2. Each zone shall be identified with an alphanumeric description approved by the  
Owner. 

3. Procedures for central station notification and response shall be coordinated 
closely with the Owner.  

 
H. Retesting:  Correct deficiencies indicated by tests and completely retest work affected by 

such deficiencies.  Verify by the system test that the total system meets the Specifica-
tions and complies with applicable standards. 

 
I. Report of Tests and Inspections:  Provide a written record of inspections, tests, and de-
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tailed test results in the form of a test log.  Submit log upon the satisfactory completion of 
tests. 

3.10 CLEANING AND ADJUSTING 
 

A. Cleaning: 
 

1. Remove paint splatters and other spots, dirt, and debris. 
2. Touch up scratches and marred finishes to match original finish. 
3. Clean front panels of all control panels, annunciators, graphic panels, etc. using 

methods and materials recommended by manufacturer. 
 

B. Motion detector Adjustments: 
 

1. Adjust each detector for optimum operation: 
a. Sensitivity adjustments. 
b. Fresnel lens selection. 
c. Lens masking. 
d. Reflector adjustments (where applicable). 
e. Mounting bracket adjustments (where applicable). 

 
3.11 DEMONSTRATION 
 

A. Intrusion detection system manufacturer shall provide a factory trained representative for 
purpose of training owner's maintenance personnel: 
 
1. Discuss proper operation, maintenance, and use of system. 
2. Instructor shall be factory trained representative fully knowledgeable of the in-

stalled system and all components. 
3. Training shall be completed at the project site following Owner occupancy, at 

Owner’s discretion. Training to consist of minimum of two (2) hours of training 
and instruction. 

4. Training and demonstrations shall utilize the installed system and equipment. 
5. Schedule after all final tests and adjustments are complete. 
6. Training shall include use of delivered O&M manuals. 
 

3.12 DRAWINGS 
 

A. The contractor shall furnish three (3) copies of all plans, drawings and schematics to the 
owner after the acceptance test.  The drawings shall show all terminal designation, loca-
tion of all junction boxes, terminal cabinets, devices, wiring and conduit routings. 

 
 
3.13 WARRANTY SERVICE 
  

A. Warrant the equipment and wiring free from electrical and mechanical defects for a peri-
od of two (2) years from the date of Owner’s acceptance of system. 

B. Fully qualified repair and maintenance personnel shall be available on a twenty-four (24) 
hour a day basis, three hundred and sixty-five (365) days a year, with four (4) hour max-
imum response time for service.  

C. Normal service shall be defined as minor repairs and/or adjustments. Service of this na-
ture shall be provided at no cost to the Customer during normal business hours, which 
are between 8:00AM and 5:00PM, Monday through Friday. For service calls requested by 
phone before 11:00 AM on a weekday, service shall occur on a same-day basis.  

D. Emergency service shall be required for emergencies defined as critical equipment not 
being functional, and shall be furnished at no cost to the Customer during the warranty 
period. Emergency service shall respond within a four (4) hour period, twenty-four (24) 
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hours per day, three hundred and sixty-five (365) days a year. A list of critical equipment 
shall be developed and coordinated by the Customer and the Contractor.  
 

 
END OF SECTION  281600 
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SECTION 28 23 00 - VIDEO SURVEILLANCE 
PART 1 - GENERAL 
 
1.1 SUMMARY 
 

A. This section includes furnishing, installation, commissioning, testing of an Integrated 
CCTV Surveillance Management System. .   

 
1.2 RELATED SECTIONS 
 

A. Related Sections: The following sections contain requirements that relate to this Section: 
 

1. Division 26 Section “General Electrical Requirements.” 
2. Division 26 Section “Grounding and Bonding” for grounding, bonding and inter-

connection of components and systems. 
3. Division 26 Section “Raceways & Boxes” for conduit, raceway and box require-

ments. 
 

1.3 SUMMARY OF WORK INCLUDED 
 
A. Coordinate all related work specified elsewhere with the CCTV Surveillance System. 

 
B. Materials  

1. Furnish and install at the locations that show the specified equipment to provide 
a completely operational IP camera surveillance system. 

2. The following list of main items of the installation shall not be considered to be all 
inclusive.  
a. Software licenses  
b. Client workstation set-up   
c. Camera floor plan map 
d. Camera mounts and adapters 
e. Surge suppressors 
f. Video monitors 
g. Patch panels & cables 
h. Cable for cameras 

3. Provide and install all equipment, components, cable, and mounting hardware as 
required to meet manufacturer’s specifications and documented installation pro-
cedures. 

4. Provide all accessories and misc. items required for an operating system.  
5. Installer shall meet the entire intent of these specifications and associated draw-

ings. Deviations from specified equipment and/or operation of the system shall 
not be permitted. 

 
1.4 SYSTEM DESCRIPTION 

 
A. System Design Requirements:  Installer shall meet the entire intent of these specifica-

tions and associated drawings.   
 

B. Integration requirements:  
 
1. Installation shall be consistent with existing Washington County Public Schools 

that are currently integrated with the ExacqVision Enterprise VMS and Enterprise 
System Manager (ESM) Software.  

C. System includes equipment, installation and connections: 
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1. IP cameras with housings, lenses, accessories. 
2. PoE switches (provided by OWNER). 
3. Server (provided by the OWNER).  
4. Integration with access control system. 
5. Creating integrated floor plan map with camera icons (coordinate with OWNER). 
6. Interconnecting video and control cabling. 

 
D. System shall provide video surveillance of areas indicated via specified cameras defined 

in specifications and shown on drawings. 
 

E. Full video recording shall be provided of all system cameras as follows: 
1. Record all images of all cameras during occupied periods and/or motion detec-

tion as directed by the Owner. 
2. Record only those camera images where motion is detected, during unoccupied 

periods of each area of the building.  Unoccupied periods may be different for 
each camera and shall be defined by the Owner. 

 
F. Video recording parameters shall be as follows: 

1. Network video recorder software shall provide recording capacity for up to 128 
cameras. 

2. Settings shall be checked after 30 days of normal occupancy to verify perfor-
mance (adjust settings as needed to meet owners acceptance). 

 
G. Full Multiplex system: System shall be multiplexed to provide video capture and recording 

of all cameras simultaneously, regardless of camera image displayed on monitor.  Sys-
tem shall provide time division multiplexing of multiple cameras and store their digitized 
and compressed images on integral hard disk drives for fast search and retrieval at the 
unit, and from remote work stations (in building and remote) through data network. 

 
H. System shall provide full video control of selected camera(s) via digital video recorder 

controls and Networked PC’s. 
 

I. System shall display real-time images of each camera on the associated monitors. 
 

J. Transmission of video images between cameras and NVR control system shall be via 
CAT-6, plenum rated cables, installed in concealed areas of the building structure. 
 

 
1.5 SUBMITTALS 
 

A. Submittal Requirements of this section: 
 

1. IP surveillance cameras. 
2. Camera housings, lenses and accessories. 
3. Camera housing mounts. 
4. Video monitors, supports, brackets and accessories. 
5. Surge suppressors. 
6. Cabling and accessories. 
7. System wiring schematic. 
 
 
 

B. Descriptive Data for Each Product: 
 

1. To verify specifications have been met.  
2. Clearly indicate or state all options, etc.: 
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a. Manufacturer/cat. number. 
b. Accessories. 

3. Bill of materials showing quantities and model numbers. 
4. Manufacturer's data on all equipment. 

a. Highlight or clearly indicate all items provided. 
5. Catalogued by the control system manufacturer. 
 

C. Shop Drawings: 
 

1. Rack or Wall Mounted Monitors/Controls: 
a. Submit drawing of proposed racks, enclosures, supports, etc. 
b. Submittal to accurately represent the proposed physical arrangement of 

equipment. 
c. Identify all mounted equipment in its proposed position within the rack, 

shelf or support system. 
 

D. Calculations: 
 

1. Calculations for bandwidth and storage requirements (itemized per camera). 
2. Lens focal distance and field of view calculations. 
 

E. Wiring Diagrams: 
 

1. Wiring connection diagrams for each proposed component. 
2. Schematic wiring diagram for entire system, showing all connected cameras, 

power supplies, recording devices, monitors, user controls, cable types, etc. 
3. Indicate all points of connection between proposed NVR system and other devic-

es: such as intrusion alarm system connection, door controls, card access control 
panels, etc. 

 
F. Quality Assurance: 
 

1. Product Test Reports:  Certified copies of manufacturer's design and routine fac-
tory tests required by the referenced standards. 

2. System shall be of latest design and reviewed prior to submittal approval.  No 
obsolete or pending obsolete parts shall be used. 

3. Provide proof of required certifications and installer qualifications. 
 

G. Closeout Submittals: Submit the following documentation and drawings. 
 

1. Operational Information: Provide full instruction manual to cover all aspects and 
components of the installed system and to be used to supplement the Owner 
Demonstration: 
a. Camera/lens selections and specs for each installed camera. 
b. Recording system operational information. 
c. Programming for NVR for settings of camera views, on-screen camera 

identification, etc. 
d. Recorded video retrieval and storage. 

2. Maintenance Data: Provide for all equipment and accessories to include in the 
"Operating and Maintenance Manual". 
a. Include recommended periodic tests of equipment in service, and test 

parameters.  Provide manufacturer’s recommended test procedures, fre-
quency and type of tests. 

b. Specify cleaning procedures for all components. 
3. As-Built Drawings: Provide three (3) full-size copies of all plans, drawings and 

schematics to the owner after the acceptance test.  The drawings shall be re-



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

 

VIDEO SURVEILLANCE                                                                                                      282300 - 4 of 21  

vised to show all terminal designations, location of all junction boxes, terminal 
cabinets, devices, wiring and conduit routings.  Drawings, etc. shall be delivered 
as part of the O&M Manual package. 

 
1.6 QUALITY ASSURANCE 
 

A. Manufacturer’s Qualifications:  All system components shall be furnished by manufactur-
ers of established reputation and experience who shall have produced currently operating 
IP Camera Surveillance Systems.  Manufacturer shall be able to refer to similar installa-
tions rendering satisfactory service. Equipment manufacturer must meet the following: 

 
1. All products designed and manufactured to ISO 9001 standards. 
2. Engaged in manufacturing of CCTV and video systems for at least 10 years. 
3. System shall be of latest design.  No obsolete or pending obsolete parts shall be 

used. Equipment shall be consistent with WCPS standards for video surveillance 
systems. 

4. Provide 24/7 technical assistance and support to installer. 
 

B. Installer Qualifications:  Engage an experienced factory-authorized Installer to perform 
work of this Section. 

 
1. Installing Contractor must meet the following: 

a. A minimum of two (2) factory trained Technicians to install the proposed 
system. 

b. Installer shall be an ExacqVision Select or Elite Partner with a minimum 
of two (2) year’s experience of designing and installing ExacqVision En-
terprise and ESM systems. Proof of compliance with manufacturer’s sys-
tem installation certification program must be included with submittal. 

c. Contractor shall be a Vicon/IQInvision Certified Installer with a minimum 
of two (2) year’s experience of designing and installing IQInvision Net-
work cameras. Technicians shall be IQInvision Certified with a minimum 
of one (1) year experience installing IQInvision IP cameras. Proof of 
compliance with manufacturer’s system installation certification program 
must be included with submittal. 

d. Contractor shall be an Axis Communications Authorized Partner with a 
minimum of two (2) year’s experience of designing and installing Axis 
Communications cameras and network equipment. Proof of compliance 
with manufacturer’s partners program must be included with submittal. 

e. The installer must be certified by Honeywell Integrated Security Dealer 
Service Certification Program (DSCP).  

f. Shall be a Honeywell Commercial Security Systems (CSS) Dealer. Proof 
of compliance with manufacturer’s system installation certification pro-
gram must be provided in writing to owner along with submittal. 

g. Contractor shall maintain a minimum of one (1) employee possessing a 
valid certificate of competency issued by the National Institute of Certifi-
cation in Engineering Technologies (minimum NICET Level 1 or 2 for 
Video Security Systems Technician). Contractor shall be shall provide 
annual information on NICET certificate holders employed by their com-
pany for the purpose of maintenance, repair or inspection activities. 

h. Provide proof of network engineering certifications. Company shall em-
ploy experienced installation and service Technicians that are certified to 
work with Network systems (minimum CompTIA Network+ Certified).  

i. Hold all legally required state and local contractor’s licenses necessary 
to accomplish the installation and activation of the described system. 
Copies of required licenses shall be submitted prior to start of work. 

j. Provide list of technical support staff, project experience, training, etc. as 
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requested.  Staff must be factory trained or have received on-site training 
from manufacturer. 

k. Make all final connections, adjustments and system supervision testing. 
l. Provide all initial system programming. 

2. Provide references: 
a. Provide a list of three (3) ExacqVision Educational Installations of similar 

size and scope utilizing Exacq Enterprise VMS software.  
b. Contact person and phone number for each project. 

 
C. Listing and Labeling: Provide products specified in this Section that are listed and la-

beled. 
 

1. The Terms “Listed and Labeled” as defined in National Electrical Code, Art.100. 
2. Where equipment consists of multiple components, the entire assembly or prod-

uct shall be UL Listed and Labeled, or Labeled by a testing organization ac-
ceptable to the Authority Having Jurisdiction per the NEC. 

 
D. Single-Source Responsibility: The complete performance of the assembled system, in-

cluding all accessories shall be the sole responsibility of the supplier. It is the installer’s 
responsibility to ensure that all factory and field installed accessories and loose compo-
nents used in the system, meet these specifications, and perform up to the stated and 
tested standards. 

 
1.7 DELIVERY, STORAGE & HANDLING 
 

A. Storage and Protection: 
 

1. Provide protection of all controls, recording equipment, cameras, and peripheral 
devices from excessive heat and humidity.  Do not install equipment before build-
ing is under roof and fully enclosed. 

2. Delivery, storage, and handling of the Digital Recording and Transmission sys-
tem shall be in accordance with the manufacturer’s recommendations 

3. Protect all sensitive electronic components from dust and debris.  Cover all con-
trol panels until ready for startup. 

4. Provide dust covers (bags) for all cameras, until ready for system startup and 
testing. 

 
1.8 SEQUENCING 
 

A. General Sequencing: 
 

1. Coordinate camera locations with exterior and/or interior construction. 
2. Provide for through-wall sleeves, where required for wiring or cabling. 
3. Arrange for blocking or other suitable material, where required, for mounting of 

cameras, housings, etc. 
4. Coordinate above ceiling structural requirements for suspended monitors, etc. 

 
 
1.9 SYSTEM STARTUP 
 

A. System Programming: 
 

1. Performed by a technician, trained and certified by manufacturer. 
2. All custom and standard functions. 
3. On-screen camera identification (location) shall be approved by Owner to deter-

mine exact wording of each location, room, floor or space. 
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4. Provide additional reprogramming services as required for additional devices 
added during construction, changes due to Final Inspection comments, and 
Owner changes of display messages, etc. prior to Owner’s final acceptance of 
system. 

 
B. Camera Setup: 
 

1. Establish and set all field adjustable parameters with Owner’s input and ac-
ceptance. 

2. Set all adjustable lens parameters for the location, direction and environmental 
variables to be encountered at each location, i.e. direct sunlight. 

 
C. Recording System Setup: 
 

1. Setup and/or program all initial recording system variables with Owner’s input 
and acceptance. 

2. Set recording system speeds, frames/second, etc. for each camera, as applica-
ble (minimum 7pps). 

3. Set the pre-event record setting for all cameras to minimum of 5 seconds and 
post event recording to minimum of 10 seconds. 

4. Set image quality setting to high for all cameras. 
5. Setup and/or program automatic recording based on occupied/unoccupied peri-

ods for system wide and/or individual camera motion detection, etc. 
 

PART 2 - MATERIALS 
 
2.1 MANUFACTURER 
 

A. No Substitutes. To insure system uniformity and compatibility with all other Washington 
County Public Schools Camera systems, alternative equipment other than the exact 
make and model number identified in this specification will not be accepted. 

 
B. All video recording equipment and Network viewing software shall be of the same design 

and manufacturer as existing ExacqVision Enterprise VMS systems currently in use by 
Washington County Public Schools. Provide VMS software, cameras, and related equip-
ment as specified. Alternative manufacturers will not be compatible with the existing sys-
tem and will not be accepted. 
 

2.2 FIXED IP NETWORK CAMERAS 
 

A. Cameras shall be IP Mega Pixel, Day/Night, Indoor/Outdoor, Vandal Resistant, Fixed 
Dome Cameras: 

 
1. The product specified shall be an all-in-one vandal/tamper resistant 

HD720P/HD1080p/3MP resolution color dome camera designed for in-
door/outdoor applications providing multiple H.264 (MPEG4, Part 10) and simul-
taneous MJPEG streams that can be individually configured.  The dome camera 
was designed to provide 30fps at maximum resolution with audio, and shall con-
form to the ONVIF and PSIA standards.   

2. The camera offers Lightgrabber™II for enhanced image sensitivity and DTS (Di-
rect-To-Storage) recording.  The camera offers Day/Night functionality with high 
sensitivity for use in low light indoor/outdoor applications, and is prepackaged 
with a varifocal IR corrected lens to allow manual zoom and focus adjustment.  
The dome camera is constructed of cast-aluminum housing with polycarbonate 
dome bubble and auto tracking inner liner.  The dome camera was designed to 
protect against water and dust to IP66 / NEMA 4 standards.  Requiring low power 
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the dome camera is PoE (IEEE 802.3af) compliant, and can be powered from 12-
24VDC or 24VAC.  

 
B. Day/Night Dome Camera Components 

1. The specified product shall consist of the following components: 
a. A camera module and mounting base. 
b. An inner liner to disguise the viewing position of the lens. 
c. A clear polycarbonate dome bubble with UV blocking anti-scratch coat-

ing.  
d. An aluminum housing with tamper resistant screws. 
 

C. Mounting and Viewing Adjustment Requirements 
1. The manufacturer of the specified day/night dome camera shall provide optional 

hardware to allow the camera to be surface mounted, wall mounted, interior cor-
ner mounted, pendant pipe mounted, and suspended ceiling mounted. The cam-
era shall be designed to be mounted to a standard 4S electrical box. 

2. The dome camera shall provide cable entry via a side conduit opening or through 
mounting surface cutouts. 

3. The camera viewing position shall be adjustable along three (axes) providing an 
adjustment range of 360° pan, 90° tilt, and ±90° azimuth. 

 
D. NETWORKING REQUIREMENTS: 
 

1. The IP dome camera shall incorporate a built-in web server allowing full control 
and configuration of the camera. 

2. The IP dome camera shall be Power over Ethernet (IEEE802.3af Class1) com-
pliant .  

3. The IP dome camera shall have a 100 Mbps Ethernet RJ-45 connection that can 
deliver data at a maximum rate of 35 Mbps.  

4. Ethernet:10Base-T/100 Base-TX, Auto-sensing, Half/Full Duplex and RJ45 
5. The IP dome camera shall provide integrated support for TCP/IP, HTTP, HTTPS, 

DHCP, UDP, RTP, RTSP, DNS, ARP, ICMP, NTP, UPnP, ZeroConf, APIPA, 
UDP multicast, SNMP, FTP, SMTP, Telnet, and CIFS protocols. 

6. The IP dome camera shall have RTSP (Real Time Streaming Protocol) support 
for compatibility with media players such as VLC Player, Apple QuickTime, Win-
dows Media Player, and Core Player. 

7. The IP dome camera shall deliver HD720P/HD1080p/3MP quality video at a 
frame rate of 30fps via TCP/IP over CAT5 or CAT6 cable. 

8. The IP dome camera shall not require unique or proprietary client software for 
viewing or controlling the camera. 

9. The IP dome camera shall conform to the ONVIF and PSIA standards. 
10. IP dome camera shall be available to users running versions of Internet Explor-

er™, Firefox™, Safari™, Chrome™, Opera™, or Mozilla™. 
11. The IP dome camera shall provide secure user and administrator password pro-

tection. 
 

E. ELECTRICAL SPECIFICATIONS: 
 

1. Input power: 12 to 24 VDC, 24VAC or IEEE 802.3af Power over Ethernet. 
2. Power: 3.4 watts maximum. 
3. PoE Class: Class 1. 

 
F. MECHANICAL SPECIFICATIONS: 
 

1. Construction 
a. Cast-aluminum ceiling plate  
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b. Cast-aluminum back box enclosure  
c. Aluminum trim ring  
d. Clear scratch resistant polycarbonate dome bubble. 

2. Mounting: Surface Mount, Single or double gang outlet box, Wall Mount with ac-
cessory. 

3. Viewing adjustment: pan 360°:  tilt 90°:  azimuth (rotation) 350°. 
4. Dimensions: 

a. IQA6XWR-A4  
1) 96.1 H x 152 W (mm) 
2) 3.8 H x 6 W (in) 
 

G. ENVIRONMENTAL SPECIFICATIONS: 
1. Temperature range: -34˚C (-30˚F) to +50˚C (+122˚F) 
2. Operating Humidity range: 10% to 80% non-condensing.  
3. Ingress Protection rating: IP66 / NEMA 4 rated. 
4. Impact Protection rating: N50102, IK 10 (exterior cameras). 
 

H. Provide IQEYE/VICON ALLIANCE PRO SERIES IQM61WRA4, IQM62WRA4 and 
IQM63WRA4 DAY/NIGHT IP CAMERAS with IQM-GBA adapter plates for all interior lo-
cations shown on drawings.  
 

I. Provide IQEYE/VICON ALLIANCE PRO SERIES IQM61WRA4, IQM62WRA4 and 
IQM63WRA4 DAY/NIGHT IP CAMERAS with IQA-WM3 wall mount adaptors for all exte-
rior locations shown on drawings.  

 
J. Provide IQEYE/VICON SENTINAL SERIES IQ865NEW2 with ultra wide angle lens for all 

exterior 5MP locations shown on drawings.  
 

2.3 360 DEGREE IP NETWORK CAMERAS 
 

A. Provide VIVOTEK FE9382EHV VANDAL RESISTANT 360 DEGREE LOW LIGHT 5MP 
IP CAMERAS for all interior locations as shown on drawings.   
 

B. Provide VIVOTEK FE9391V VANDAL RESISTANT 360 DEGREE LOW LIGHT 12MP IP 
CAMERAS for all interior and exterior locations as shown on drawings.   

 
C. Provide VIVOTEK AM714, AM218, AM412 and AM520-V3 mounting adapters for all ex-

terior 360 degree cameras shown on drawings.   
 

2.4 LICENSE PLATE RECOGNITION CAMERA 
 

A. MECHANICS & ENVIRONMENTAL 
1. The camera shall be manufactured with an impact resistant casing providing en-

capsulated electronics. 
2. The camera shall operate in a temperature range of -40 °C to +50 °C (-40 °F to 

+122 °F) and in a humidity range of 10-100% RH (condensing). 
 

B. SENSOR & OPTICS 
1. The camera shall be equipped with an IR-sensitive progressive scan megapixel 

sensor. 
2. The camera shall provide images down to 0.5 lux in color and 0.04 in B/W with-

out IR illumination active. 
3. The camera shall be with a lens providing autofocus functionality. 
4. The camera shall provide 18x optical zoom and 12 digital zoom.  

 
C. IMAGE CONTROL 
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1. The unit shall incorporate Automatic and Manual White Balance. 
2. The camera shall be equipped with an electronic shutter. 
3. The camera shall incorporate automatic and manually defined exposure values. 
4. The camera shall support a configurable maximum shutter in the range from 

1/28000 s to 2 s. 
5. The camera shall provide backlight compensation. 
6. The camera shall be equipped with Wide Dynamic Range functionality - dynamic 

contrast. 
7. The camera shall support manually and automatic defined values for: 

a. Color level 
b. Brightness 
c. Sharpness 
d. Contrast 

 
D. VIDEO 

1. The camera shall provide simultaneous Motion JPEG and H.264 video streams. 
2. The camera shall designed to provide at least two video streams in HDTV 1080p 

at up to 30 frames per second (60Hz mode) or 25 frames per second (50Hz 
mode) using H.264 or Motion JPEG. 

3. The H.264 implementation shall include both unicast and multicast functionality 
and support Constant Bit Rate (CBR) as well as Variable Bit Rate (VBR). 
 

E. IR ILLUMINATION 
1. The camera shall be equipped with IR LEDs with adjustable intensity and angle 

of illumination. 
2. The IR LEDs shall have a range of up to 15 m (50 ft) in widest field of view and 

up to 40 m (130 ft) in full tele view. 
3. The IR LEDs shall emit light with a wavelength of 850 nm. 

 
F. OTHER FUNCTIONALITY 

1. The camera shall include a customizable pixel counter functionality, identifying 
the size of objects in number of pixels.  

2. The camera shall provide text overlay ability, including date and time. 
3. The camera shall have the ability to apply a graphical image as an overlay image 

in the video stream. 
4. The camera shall have the ability to apply 3D privacy masks in the video stream. 
5. The camera shall conform to ONVIF Profile S or ONVIF Version 1.01 or higher 

as defined by the ONVIF organization and be upgradable at any time. 
 

G. POWER 
1. The camera shall support Power over Ethernet according to IEEE 

802.3af/802.3at Type 1 – Class 3. 
2. 8-28 V DC, max 15.2 W 
3. 20-24 V AC, max 20.1 VA 

 
H. Provide AXIS Q1765-LE IP CAMERA and AXIS T94G01P conduit back box for license 

plate camera shown on drawings. 
 

2.5 COLOR VIDEO MONITORS AND MOUNT 
 

A. The Color LCD Flat Panel Monitors shall be built to run 24/7/365 continuously to provide 
long life performance.  The LED display shall provide a maximum of 1920 x 1080P reso-
lution. The LCD Flat Panel Monitor shall produce distortion-free images and must effec-
tively minimize glare. 

 
B. The Color LCD Flat Panel Monitor shall support CCTV applications with the following rear 
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panel connections: 
 
1. Y/C (S-Video), one looping channel 
2. Two looping channels of Composite Video with BNC connections 
3. HDMI input 

 
C. Video Color LCD monitors shall be as follows: 
 

1. Public View Monitor in Vestibule displaying image of main entry camera (provide 
ORION  23REDE with PEERLESS SP730P mount) 

2. Main Office Reception Monitor displaying multi-screen camera images. Connect  
to network connected PC installed and provided by OWNER (provide ORION 32 
INCH 32RCE monitor with WB-31 wall mount). 

3. Coordinate with OWNER for necessary network connection. 
 

2.6 IP CAMERA VIDEO DECODER 
 

A. Provide one (1) AIMETUS AIM-A10D THIN CLIENT DECODER to provide quad video 
output to reception monitor in office area via HDMI output. Configure to display IP camer-
as near main entrance (confirm camera display views with OWNER).  

 
2.7 NETWORK VIDEO DECODER 
 

A. Provide one (1) AXIS P7701 NETWORK VIDEO DECODER to provide analog output 
from main entry IP camera to Public View Monitor in Vestibule.  
 

2.8 PATCH PANELS   
 

A. Provide four (3) AMP NETCONNECT 1375014-2 CAT-6 patch panels. Coordinate label-
ing with OWNER.  Install necessary AMP CAT-6 patch cables. 

 
 
2.9 NETWORK VIDEO SWITCHES 
 

A. Network Video PoE Switches and fiber hardware to support specified IP cameras shall be 
provided and installed by the OWNER. Coordinate IP address programming, bandwidth 
requirements and connection to Network with OWNER prior to installation.  
 

2.10 SURGE PROTECTION: 
 

A. Provide surge protection for all exterior IP network cameras. Protection shall be as rec-
ommended by system manufacturer and shall comply with NEC requirements. DITEK 
DTK-MRJPOE Network POE surge suppressors shall be installed for each exterior cam-
era. 

 
2.11 NETWORK VIDEO RECORDER SERVER & HARD DRIVES 

 
A. Network Video Recorder Server and RAID configured hard drives to support specified IP 

cameras shall be provided and installed by the OWNER. Coordinate set-up and server 
configuration with OWNER prior to installation.  
 

2.12 VIDEO MANAGEMENT SYSTEM DESCRIPTION 
 
A. The Network Video Management System (VMS) software shall be used to view live and 

recorded video from capture cards and IP devices connected to local and wide area net-
works. The VMS software shall have a client/server-based architecture that can be con-
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figured as a standalone VMS system with the client software running on the server hard-
ware and/or the client running on any network-connected TCP/IP workstation. Multiple 
client workstations shall be capable of simultaneously viewing live and/or recorded video 
from a single server. Each server shall also be able to simultaneously provide live and/or 
recorded video to one or more workstations. 
1. The VMS shall not charge for the number of concurrent clients. 
2. The VMS system shall utilize manufacturer built servers, commercial-off-the-shelf 

(COTS) computer workstations, servers, networking devices and storage equip-
ment. 

3. Recording of all video transmitted to the VMS shall be continuous, uninterrupted 
and unattended. 

4. The VMS system shall offer the capability of video motion detection recording, 
such that video is recorded when the NVRMS detects motion within a region of 
interest of the camera’s view. Video prior to the detection of the motion shall also 
be stored with using the pre-recorded feature.  

5. The VMS system shall manage the video it has been configured to monitor. Loss 
of video signal shall be configured to annunciate on VMS client by an on screen 
visual indication alerting operators of video loss. 

6. The VMS software shall have an open architecture supporting IP cameras and 
encoders from multiple manufacturers providing best-of-breed solutions ranging 
from low-cost, entry-level features to high-resolution, megapixel features.  

7. The VMS client software shall be able to view live video and audio, recorded vid-
eo and audio, and be able to configure the complete system all from a single ap-
plication. 

8. The VMS shall continue to record video and audio at all times during the admin-
istration and configuration of any feature.  

9. The VMS client software shall have the same functionality when connected re-
motely as it does when it is run locally on the same computer as the server soft-
ware. 

10. The VMS client software shall add and remove features based on the permis-
sions of the user and the licensed functionality. 

11. The VMS client software shall operate on all of the following operating systems: 
a. Microsoft Windows  
b. Linux Ubuntu   
c. Mac OSX  
d. See Exacq.com website for latest OS versions. 

12. The VMS software shall allow the user to have any combination of VMS client 
applications running on any of the supported operating systems be able to con-
nect to any of the VMS servers running on any of the supported operating sys-
tems.  

13. The VMS software shall have the capability to run multiple client applications 
simultaneously on one workstation with multiple monitors. Up to 12 monitors shall 
be configured on a single workstation with one (1) client application running on 
each monitor. Because decompressing video is CPU-intensive, the PC work-
station shall have multiple core processors, with a recommendation of one core 
for each VMS client application. 

14. The VMS shall also allow an authorized user to view video through a web client 
interface. The web client interface shall allow authorized users to view live video, 
view recorded video, control pan-tilt zoom (PTZ) cameras and activate triggers. 
The web client interface shall allow connections to multiple VMS servers simulta-
neously.  

15. The web client interface shall operate without requiring installation of any soft-
ware.  

16. When using the web client interface, the VMS server shall transcode the video in-
to a JPEG file of the size as the browser screen before sending it to the browser.  

17. The web client interface shall support the following browsers: 
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a. Internet Explorer  
b. Firefox  
c. Opera  
d. Safari  
e. Chrome 
f. See Exacq.com website for latest OS versions. 

18. The VMS server software shall record and retrieve video, audio and alarm data 
and provide it to the VMS clients upon request. 

19. The VMS software shall provide at no additional charge a purpose built mobile 
application capable of viewing multiple simultaneous live video streams and play-
ing a recorded video stream.  Application shall be provided for both iOS and An-
droid operating systems (including Kindle Fire). 

20. The VMS server software shall operate on any of the following operating sys-
tems: 
a. Microsoft Windows  
b. Linux Ubuntu   
c. See Exacq.com website for latest OS versions. 

21. The VMS server shall not decode video for the purpose of motion detection. 
22. The VMS server shall not decode video for the purpose of repacking it for trans-

mission to clients. 
23. The VMS server software shall record video based on metadata generated by an 

edge network device. The edge network devices shall generate the metadata 
and transmit it with the video stream to the VMS server software.  

24. The VMS shall license the total number of cameras on the system. This license 
shall be based on the MAC address of a single network card that is present on 
the system. The VMS shall only require that this network card be enabled and 
does not require that data is actually sent through it. 

25. The VMS shall not require the manufacturer to be contacted when a camera fails. 
26. The VMS server software shall run as a service. The VMS shall not require any 

application to be running in order to operate. 
27. The VMS shall allow the use of maps. The maps will be accessible to users with 

the appropriate permission levels and display video sources and their status.  
28. The VMS allows soft triggers to be placed, viewed and triggered from a map. 
29. The VMS software shall allow the use of a command line integration. The com-

mand line shall allow for the calling up the appropriate video when requested us-
ing command line functionality.  

30. The VMS shall support the use of a panoramic lens on an analog or IP camera. 
The VMS client shall de-warp the image on both live and recorded video. 

 
2.13 VIDEO MANAGEMENT SYSTEM SOFTWARE  

 
A. The Network Video Management System (VMS) software shall be used to view live and 

recorded video from capture cards and IP devices connected to local and wide area net-
works. The VMS software shall have a client/server-based architecture that can be con-
figured as a standalone VMS system with the client software running on the server hard-
ware and/or the client running on any network-connected TCP/IP workstation. Multiple 
client workstations shall be capable of simultaneously viewing live and/or recorded video 
from a single server. Each server shall also be able to simultaneously provide live and/or 
recorded video to one or more workstations. 
1. The VMS shall not charge for the number of concurrent clients. 
2. When in live display mode, the user shall be able to view live video, live audio, 

point of sale (POS) data, and alarm information.  
3. The VMS shall be able to organize the camera video view panel in the following 

patterns: 
a. 1-camera (full-screen) layout 
b. 4-camera (2x2) layout 
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c. 8-camera (3 large views and 4 small views) layout 
d. 10-camera (2 large views and 8 small views) layout 
e. 13-camera (1 large view and 12 small views) layout 
f. 16-camera (4x4) layout 
g. 8-camera (1 very large view and 7 small views) layout 
h. 9-camera (3x3) layout 
i. 6-camera (2x3) widescreen layout 
j. 12-camera (4x3) widescreen layout 
k. 20-camera (5x4) widescreen layout 
l. 30-camera (6x5) widescreen layout 
m. 48-camera (8x6) widescreen layout 

4. The VMS shall allow the customization of the user interface to allow software 
triggers to be shown. This shall allow them to activate events through the push of 
a button, which could trigger recording, PTZ presets, output triggers or email. 

5. The VMS shall allow the user to pick their own icon and select the software trig-
gers to display in the client. The VMS shall also display the status of any soft 
triggers on connected VMS servers. 

6. The VMS software shall allow control of PTZ cameras to authorized users and be 
used to maneuver a PTZ camera. When used on a non-PTZ camera, it shall al-
low you to digitally pan, tilt, and zoom on any video whether in live or recorded 
mode. 

7. The VMS shall allow following methods of controlling a PTZ camera to be availa-
ble: 
a. PTZ graphics control windows 
b. Live graphic overlay PTZ control icons 
c. Keyboard control (up, down, left, right arrows; page up, page down for 

zoom) 
d. PTZ presets 
e. Digital PTZ 
f. USB joystick to control PTZ cameras 
g. Proportional PTZ control by clicking the mouse in the center and moving 

it 
8. The VMS software shall allow virtual matrix functionality by designating a cell to 

do so. This video cell shall automatically show video as it is triggered.  
9. The VMS software shall have a feature for viewing logical groups of cameras. 

This shall allow efficient viewing of cameras in a logical order.  
10. The VMS software shall have a feature to organize your cameras into preset 

views. Views are preconfigured arrangements of the video panels so that they 
may be easily recalled later. A view can save the location of the video streams, 
audio streams, POS data, maps and event views. These views shall be accessi-
ble in both live and recorded video modes. 

11. The VMS software shall have the capability to automatically cycle through two or 
more saved views to create a video tour. The VMS shall allow the configuration 
of the dwell time and the different views it shall use. 

12. The VMS client software shall be used to search for and play back recorded vid-
eo, audio, and events from VMS servers.  

13. The VMS software shall have the capability to search for and play back video 
from multiple cameras simultaneously. All recorded video shall be played back 
and displayed in a synchronized multi-camera layout. 

14. The VMS software shall support searching through recorded video based on 
time, date, video source, image region and have the results displayed as both a 
clickable timeline and a series of thumbnail images. 

15. The VMS software shall allow search and play back of audio in synchronization 
with video. 

16. The VMS software shall allow you to search on a specific area of recorded video 
and only display the frames where motion happened in that area. 
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17. The VMS software shall have the capability to export video, maps, POS data and 
audio files.  

18. The VMS software shall provide the option of exporting the file in the following 
formats: 
a. Standalone Exe (*.exe) – includes an executable player with the video 

and audio data 
b. AVI File (*.avi) – a multimedia container format 
c. PS File (*.ps) – a format for multiplexing video and audio 
d. QuickTime File (*.mov) – native for Macintosh computers 

19. The VMS standalone player shall package all of the exported video into a single 
executable. The VMS standalone player shall be able to authenticate that the 
video has not been tampered with using a keyed Hash Message Authentication 
Code (HMAC).  

20. The VMS client software shall be able to connect to multiple systems simultane-
ously. Each of the systems could have individual permissions, thereby limiting 
the client’s configuration or viewing abilities for that system, but not affecting the 
abilities on the other systems.  

21. The VMS system shall be able display system information about users that are 
currently logged into the system, plug-in file version information number and sta-
tus, and a system log that contains a detailed history of the process that occur on 
the system. 

22. The VMS system shall have the ability to record an audit trail of when users log 
in that shows what changes they have made, what video they have viewed and 
what they have exported.  

23. The VMS system shall allow the configuration of the video devices to be per-
formed in the client, and pushed out to the devices. The configuration itself is 
stored both on the camera and on the VMS. 

24. The VMS shall allow monitoring of the inputs on both network devices and on 
manufacturer provided hardware. The VMS shall also allow triggering of outputs 
on the network devices and manufacturer provided hardware. 

25. VMS shall allow for the configuration of what drives to use for recording video. 
Those drives may be local drives, direct attached storage drives or iSCSI drives. 

26. The VMS shall allow for the configuration of rules of how to record the video. 
These rules shall allow you to set a maximum number of days or minimum num-
ber of days on a per video stream basis.  

27. The VMS shall not require a database when recording video.  
28. The VMS shall use the operating systems native file system for recording the 

video. For example, if there was video that was recording on March 1, 2018 from 
10:00 AM to 10:35 AM. Files for that day would be in the data drive, in the path 
2018 for year, subfolder 03 for the month, with a sub folder 1st for the day, and 
then the 10 sub-folder for the hour. So when the client sends a request to search 
for video, the VMS shall look in the D:\2018\03\01\10 directory. Each video 
stream shall be kept in 5 minute increments in a paired video and index file. The 
video file shall contain the data of the video, audio, and include meta data. The 
index file shall contain the index of the metadata from the network device. So 
when the VMS searches for the video, it shall gather up the information in the in-
dex files and display those results. When the client then requests to display the 
video, the VMS will then transmit the video file data from the server to the client. 

29. The VMS shall have the ability to receive ASCII data through the COM port on 
the server, or over the network. 

30. The VMS shall have the ability to look for keywords in the ASCII data and use 
these to execute various events such as PTZ presets, recording video, recording 
audio and sending emails notifications. 

31. The VMS software shall be able to send a predefined email based on an event 
trigger. The VMS software shall also support SSL and TLS connections for 
transmissions of the mail. 
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32. The VMS software shall have a feature to export a video segment from specific 
cameras or audio inputs to a CD or DVD upon an input trigger or other event be-
ing activated.  

33. The VMS software shall be used to connect different types of events, such as in-
put triggers, to a desired action such as recording video or triggering an alarm. 
The VMS software shall recognize the following event types: 
a. Video Motion 
b. Video Loss 
c. Input Trigger 
d. POS Port 
e. POS Profile 
f. Health 
g. IP Camera Connection 
h. Software Trigger 
i. Analytics 

34. The VMS software shall be able to execute the following action types: 
a. Record Video 
b. Output Trigger 
c. Output Video  
d. Send an email  
e. Burn a CD/DVD 
f. Call a PTZ Preset 

35. The VMS software shall have the ability to configure each video inputs recording 
time on an hourly basis. This shall allow the user to schedule when to record on 
motion, when to record on event and when to not record.  

36. The VMS shall use a combination of user name and password to authenticate 
the user’s permission level. 

37. The VMS shall allow granularity of permissions by creating custom user groups. 
The members of these custom user groups shall all have the same permissions.  

38. The VMS client shall be able to use Open GL and Direct 3D to decompress and 
render video. 

39. The VMS shall allow the user to perform a visual thumbnail search. The user can 
select one camera to see one image per set time period. The user shall be able 
to play video from that image or and zoom in to a time range.  

40. The VMS client can be configured to automatically switch views on any trigger 
within the event monitoring funct 

 
B. Provide EXACQVISION VIDEO MANAGEMENT SYSTEM (VMS) ENTERPRISE 

SOFTWARE consisting of the following: 
a. Forty two (42) EVEPNIP-01 Enterprise IP Camera Licenses (one per 

each camera and 2 for Aiphone video intercom system).  
b. Eighty four (84) SSA-EVENIP-01 Enterprise Software Updates to provide 

unlimited software updates for three (3) years.  
 

2.14 EQUIPMENT SUPPORTS AND RACKING 
 

A. Provide floor mounted rack system for mounting of: 
1. Network Video Recording and Transmission system 
2. Network Video Recorder Monitors. 
3. Rack mounted UPS system. 
4. Rack mounted Mid-spans. 

 
B. General construction of all racks. 

1. Accommodate standard 19” wide racking equipment providing 45 rack spaces. 
2. Black powder coat finish. 
3. Tapped with 10-32 holes in universal E.I.A. spacing. 



SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

 

VIDEO SURVEILLANCE                                                                                                      282300 - 16 of 21  

4. All racks grounded to building steel via #6 stranded, insulated copper conductor. 
5. Include all necessary mounting hardware, vented rack shelves and cable man-

agement accessories. 
 

C. Provide VIDEO MOUNT PRODUCTS ER-84 open frame rack and associated hardware 
or manufacturer as specified for Telecom/Network rack equipment. 
 

2.15 LOW VOLTAGE VIDEO AND CONTROL CABLING: 
 

A. Cables to power low voltage systems shall be as recommended by the system manufac-
turer. 
1. Interior and exterior IP cameras (maximum 328’). 
2. One continuous cable run to each camera. No splices. 
 

B. All low voltage cabling installed on this project shall be plenum rated cable. 
 

C. Video and Control Cabling: Circuits: 
1. UL Listed, NEC Type CMR. 
2. Plenum rated. 

 
D. Provide SMART WIRE 556600 CAT-6 CABLE for all interior and exterior cameras.   

1. CAT-6 #23 AWG, solid copper (white jacket).  
2. Compliant with EIA/TIA 568-B and 569-A, including all subsections and addenda. 
3. Plenum rated. 

a. Color coded fluorinated ethylene FEP insulation. 
b. Low smoke PVC (LSPVC) outer sheath. 

 
 

2.16 CAMERA PARTS INVENTORY: 
 

A. The CONTRACTOR shall maintain a stock of replacement parts sufficient to provide re-
sponsive same-day or next-day service with a minimum down time. Written verification of 
required inventory shall be provided prior to completion of installation.  

 
B. CONTRACTOR to maintain an inventory of one (1) of each of the following critical com-

ponents: 
1. IQM61WRA4 IP camera 
2. IQM62WRA4 IP camera 
3. IQM63WRA4 IP camera 
4. IQ865NEW2 IP camera  
5. FE9382EHV IP camera 
6. FE9391V IP camera 
7. 23REDE monitor 
8. 32RCE monitor 
9. P7701 network video decoder 
10. AIM-A10D decoder 
11. DTK-MRJPOE Network POE surge suppressor 

 
 
 
PART 3 - INSTALLATION 
 
3.1 EXAMINATION 
 

A. Site Verification of Conditions:  Examine the conditions under which the equipment shall 
be delivered, installed, and operated.  Make all allowances required for installation and 
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maintenance of the equipment, per Codes and manufacturer. 
 
3.2 INSTALLATION 
 

A. Rough-in:  Mounting height for individual devices shall be as follows (all dimensions 
above finished floor): 

 
1. Interior Wall Cameras   8’ AFF, unless noted otherwise 
2. Interior Ceiling Cameras    Ceiling, unless noted 
3. Exterior Wall Cameras   12' AFG, unless noted otherwise 
4. Equipment Rack   84” to top of rack enclosure 

 
B. Installation Requirements for all Cameras: 
 

1. Comply with all manufacturer’s installation requirements and instructions. 
2. All connectors or connections shall be located within the camera housing.  
3. Provide sufficient slack in all cables to permit full range of movement or adjust-

ment of camera without stressing cables or connectors. 
 

C. Interior Cameras  - Ceiling Mounted: 
 

1. Support ceiling housings, assemblies or camera mounts to building structure (do 
not support from ceiling tiles, drywall, or grid alone). 

2. Provide all wiring to camera housing from above finished ceiling.  No exposed or 
hanging wires permitted. 

 
D. Interior Cameras  - Wall Mounted: 

 
1. Attach building structure (do not support from drywall). 
2. Provide all wiring to camera housing from recessed device box at same elevation 

as the camera.  No exposed or hanging wires permitted. 
 

E. Exterior Cameras: 
 

1. Conceal cables between housing to building structure in flexible weatherproof 
conduit. Terminate flexible conduit to single gang weatherproof backbox near 
camera. No exposed or hanging wires permitted. 

2. All connectors or connections shall be located within the camera housing or in-
side the building wall (within accessible ceiling space). 

 
F. Rack Mounted Equipment: 

 
1. NVR and headend equipment:  Mount in standard 19” EIA equipment rack. 
2. Coordinate exact location of video equipment with Owner. 
3. Provide dedicated power feed from ceiling into rack for video equipment. 
4. Mount CCTV UPS system below all video equipment. 
5. Carefully route all power and video cable connections to equipment. Provide ca-

ble ties to neatly bundle cables behind equipment. 
 

G. Vestibule Wall Mounted Monitor: 
 

1. Provide and coordinate locations of power receptacle and CCTV cable outlet box 
high on wall, or in ceiling, for connection to all monitors mounted remotely from 
headend equipment.  

2. Provide permanent outlet box with video cable from headend to each monitor.  
Outlet box shall contain a BNC connector and field-made patch cable to connect 
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monitor to wall connector. 
3. Provide label to identify video outlet. 
4. Carefully route all power and video cable connections to monitor.  Provide cable 

ties to neatly bundle cables behind monitor(s) so that no cables hang below mon-
itor. 

5. Provide a wall or ceiling mounted monitor bracket to support video monitor.  Ar-
range for blocking in wall for bracket support.  Adjust viewing angle to occupant’s 
position. 

6. Monitor/display all visitors entering main entrance lobby area. 
 

H. Wiring Within Enclosures & Cabinets:  All wiring shall be installed in a workmanlike man-
ner: 

 
1. Comply with NFPA 70 National Electrical Code. 
2. Train parallel, or perpendicular, to surfaces. 
3. All connections made to terminal blocks or manufacturer’s connectors. 
4. Label each terminal in accordance with the wiring diagram for identification. 
5. Crimp-on terminal spade lugs or approved pressure type terminal block connec-

tions. 
6. Terminal cabinet to be installed where circuit risers originate or where any circuit 

tap is made. 
7. All wiring within panels shall be readily accessible without removing any compo-

nent parts. 
8. Mark each terminal according to the system's wiring diagrams. 

 
I. Field Wiring: 
 

1. Comply with NFPA 70 National Electrical Code. 
2. Install all wiring, without conduit or raceways, concealed within walls and above 

finished ceilings.  Use surface raceways where concealment is not possible. 
3. Wiring within walls shall be in rigid or flexible conduit. 
4. Do not mix CCTV cabling with wiring of any other system. 
5. Provide conduit sleeves for cabling running through exterior walls. 
6. Do not splice video, power or control cables at any point between devices or 

equipment, unless the length of the run exceeds to available reel length of avail-
able cables. Necessary splices shall be enclosed inside a labeled junction box.  

7. All wiring shall be installed above accessible ceilings. 
8. Install cables in cable tray, where applicable, except where making final runs to 

cameras or video equipment. 
9. Provide adequate supports for cabling, as recommended by cable manufacturer, 

where not installed in cable tray.  Do not lay directly on ceilings. 
10. Do not install cables closer than 12 inches to: 

a. Fluorescent & HID ballasts/fixtures. 
b. Dimming systems. 
c. HVAC equipment and controls. 
d. Digital or CPU controlled equipment. 

11. Install all cabling so as to limit exposure to EMI/RFI sources. 
12. Do not install where subject to damage such as heat, physical contact or abra-

sion. 
13. Do not install in conduit with any other wiring systems. 
 

3.3 CONSTRUCTION 
 

A. Grounding: 
 

1. Ground cable shields and equipment according to system manufacturer's instruc-
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tions to eliminate shock hazard and to minimize, to the greatest extent possible, 
ground loops, common mode returns, noise pickup, cross talk, and other impair-
ments. 

2. Signal Ground Terminal:  Locate at main equipment rack or cabinet.  Isolate from 
power system and equipment grounding. 

3. Ground equipment and conductor and cable shields. 
 

B. Underground Circuit Protection: 
 

1. Provide lightning protection for all underground or exterior circuits, as per NEC. 
 

C. Identification:  Identify system components, wiring, cabling, and terminals according to 
Division 16 Section “Basic Electrical Materials and Methods.” 

 
3.4 FIELD QUALITY CONTROL 
 

A. Manufacturer's Field Services: 
 

1. Assist in the troubleshooting, as necessary to provide a system free from all 
faults, trouble conditions, etc. prior to owner demonstration and required training. 

 
 
 

B. Pretesting: 
 

1. After installation, align, adjust, and operate the system to assure proper opera-
tion of all features and controls. 

2. Determine, through pretesting, the conformance of the system to the require-
ments of the Drawings and Specifications. 

3. Correct deficiencies observed in pretesting.  Replace malfunctioning or damaged 
items with new ones and retest until satisfactory performance and conditions are 
achieved. 

4. Prepare forms for systematic recording of acceptance test results. 
 

C. Report of Pretesting:  After pretesting is complete, provide a letter certifying the installa-
tion is complete and fully operable, including the names and titles of the witnesses to the 
preliminary tests. 

 
D. Minimum System Tests:  Test the system according to the manufacturer’s recommended 

procedures.  Minimum required tests are as follows: 
 

1. System is free from grounded or open circuits. 
2. System has no interference or anomalies that affect picture quality. 
3. Each camera functions properly under all conditions encountered at the location 

including, daylight, artificial light, weather, etc. 
4. Camera displays indicate titling as directed by owner for each view. 
5. All video monitors display camera views properly and are fine tuned for picture 

quality. 
6. Video recording and playback equipment functions properly. 
7. Camera controls and video display controls function properly for image scanning, 

split screen, etc. 
8. Video devices function as specified and produce picture quality in compliance 

with specification.  
9. Any test such as loss of power supplies, will initiate the proper system response 

in compliance with specification.  
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E. Retesting:  Correct deficiencies indicated by tests and completely retest work affected by 
such deficiencies.  Verify by the system test that the total system meets the Specifica-
tions and complies with applicable standards. 

 
3.5 ADJUSTING 
 

A. Camera Adjustments: 
1. Initial Settings:  Provide initial setting of all lens and camera parameters prior to 

owner demonstration, based on assumed room use. 
2. Final adjustments: Provide adjustments to such settings after Owner occupancy, 

where required, due to actual room use, environmental conditions, reported prob-
lems, etc. 

 
B. Control Adjustments: 

1. Initial Settings:  Provide initial setting of all control and recording system parame-
ters prior to final owner demonstration. 

2. Final adjustments: Provide adjustments to such settings after Owner occupancy, 
where required, due to actual system use, environmental conditions, reported 
problems, etc. 

 
3.6 CLEANING 
 

A. General: 
1. Remove paint splatters and other spots, dirt, and debris. 
2. Touch up scratches and marred finishes to match original finish. 
3. Clean all camera housings, and panels on interior and exterior of camera view 

ports. 
4. Clean all camera lenses and monitor screens. 
5. Perform all cleaning using methods and materials recommended by equipment 

manufacturers. 
 
3.7 TRAINING AND DEMONSTRATION 
 

A. System installer shall provide a factory trained representative for purpose of instructing 
the owner's maintenance personnel: 
1. Discuss proper operation, maintenance, and use of system. 
2. Instructor shall be factory trained representative fully knowledgeable of the in-

stalled system and all components. 
3. Training shall be completed at the project site following Owner occupancy, at 

Owner’s discretion. Training to consist of minimum of two (2) hours of training 
and instruction. 

4. A one (1) hour follow-up training session shall be scheduled within sixty (60) 
days of initial instruction. 

5. Training and demonstrations shall utilize the installed system and equipment. 
6. Schedule after all final tests and adjustments are complete. 

 
3.8 DRAWINGS: 
 

A. The contractor shall furnish three (3) copies of all plans, drawings and schematics to the 
owner after the acceptance test.  The drawings shall show all terminal designation, loca-
tion of all cameras, control equipment, junction boxes, terminal cabinets, devices, wiring 
and conduit routings. 

 
3.9 WARRANTY AND SERVICE 
  

A. Warrant the equipment and wiring free from electrical and mechanical defects for a peri-
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od of two years from the date of Owner’s acceptance of system. 
B. Fully qualified repair and maintenance personnel shall be available on a twenty-four (24) 

hour a day basis, three hundred and sixty-five (365) days a year, with four (4) hour max-
imum response time for service.  

C. Normal service shall be defined as minor repairs and/or adjustments. Service of this na-
ture shall be provided at no cost to the Customer during normal business hours, which 
are between 8:00AM and 5:00PM, Monday through Friday. For service calls requested by 
phone before 11:00 AM on a weekday, service shall occur on a same-day basis.  

D. Emergency service shall be required for emergencies defined as critical equipment not 
being functional, and shall be furnished at no cost to the Customer during the warranty 
period. Emergency service shall respond within a four (4) hour period, twenty-four (24) 
hours per day, three hundred and sixty-five (365) days a year. A list of critical equipment 
shall be developed and coordinated by the Customer and the Contractor. 

END OF SECTION 28 23 00 
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SECTION 28 31 11 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 

PART 1 - GENERAL 

1.1 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. Magnetic door holders. 
7. Remote annunciator. 
8. Addressable interface device. 
9. Digital alarm communicator transmitter. 

B. Related Requirements: 

1. Section 280513 "Conductors and Cables for Electronic Safety and Security" for cables 
and conductors for fire-alarm systems. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product, including furnished options and accessories. 
 

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. Show field wiring required for HVAC unit shutdown on alarm. 
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c. Locate detectors according to manufacturer's written recommendations. 
d. Locate devices so that they are accessible (not blocked by any structure). 

12. Include floor plans to indicate final outlet locations showing address of each addressable 
device. Show size and route of cable and conduits and point-to-point wiring diagrams. 
a. Mark ceiling grid to indicate devices above ceiling. 

C. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to 
Architect. 

2. Shop Drawings shall be prepared by persons with the following qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 
b. NICET-certified, fire-alarm technician; Level III minimum. 
c. Licensed or certified by authorities having jurisdiction. 

D. Delegated-Design Submittal: For notification appliances and smoke and heat detectors, in 
addition to submittals listed above, indicate compliance with performance requirements and 
design criteria, including analysis data signed and sealed by the qualified professional engineer 
responsible for their preparation. 

1. Drawings showing the location of each notification appliance and smoke and heat 
detector, ratings of each, and installation details as needed to comply with listing 
conditions of the device. 

2. Design Calculations: Calculate requirements for selecting the spacing and sensitivity of 
detection, complying with NFPA 72. Calculate spacing and intensities for strobe signals 
and sound-pressure levels for audible appliances. 

3. Indicate audible appliances required to produce square wave signal per NFPA 72. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

B. Seismic Qualification Certificates: For fire-alarm control unit, accessories, and components, 
from manufacturer. 
 

C. Field quality-control reports. 
 

D. Sample warranty. 

1.4 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 and deliver copies to building Owner’s Representative at the time of 
system acceptance: 

a. Comply with the "Records" section of the "Inspection, Testing and Maintenance" 
chapter in NFPA 72. 
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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. 

d. Riser diagram. 
e. Record copy of site-specific software including a copy to be left inside FA panel 

that includes all passwords. 
f. 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. 

g. Manufacturer's required maintenance related to system warranty requirements. 
h. Abbreviated operating instructions for mounting at fire-alarm control unit and each 

annunciator unit. 
i. Point-to-point diagrams of the entire Life Safety System as installed. This shall 

include all connected Smoke Detectors and addressable field modules. All 
drawings shall be provided in CAD and supplied in standard DXF format. Vellum 
plots of each sheet shall also be provided. A system generated point-to-point 
diagram is required to ensure accuracy. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup: On magnetic media or compact disk, complete with data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Personnel shall be trained and certified by manufacturer for installation 
of units required for this Project. 
 

B. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm 
Level II technician. 

C. NFPA Certification: Obtain certification according to NFPA 72 by an NRTL (nationally 
recognized testing laboratory). 
 

D. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm company. 

1.6 WARRANTY 

A. Warranty:  Warranty all materials, installation and workmanship for three (2) years from date of 
acceptance, unless otherwise specified.   A copy of the manufacturers’ warranty shall be 
provided with close-out documentation and included with the operation and installation manuals. 
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1. Manufacturer shall guarantee the system equipment for a period of two (2) years from 
date of final acceptance of the system. 

2. The Contractor shall guarantee all wiring and raceways to be free from inherent 
mechanical or electrical defects for two (2) years from date of final acceptance of the 
system. 

3. Upon completion of the installation of fire alarm system equipment, the Contractor shall 
provide to the architect a signed written statement, substantially in form as follows:  “The 
undersigned, having engaged as the Contractor on the Project confirms that the fire 
alarm system equipment was installed in accordance with the wiring diagrams, 
instructions and directions provided to us by the manufacturer.” 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. The Fire Alarm/Life Safety System supplied under this specification shall be a microprocessor-
based network system. All Control Panel Assemblies and connected Field Appliances shall be 
both designed and manufactured by the same company, and shall be tested and cross-listed as 
compatible to ensure that a fully functioning Life Safety System is designed and installed. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. The system shall automatically display on the control panel Liquid Crystal Display the first event 
of the highest priority by type.  The priorities and types shall be alarm, supervisory, trouble, and 
monitor. 

 
1. The system shall have a Queue operation, and shall not require event acknowledgment 

by the system operator.  The system shall have a labeled color coded indicator for each 
type of event; alarm - red, supervisory - yellow, trouble - yellow.  When an unseen event 
exists for a given type, the indicator shall be lit. 

2. For each event, the display shall include the current time, the total number of events, the 
type of event, the time the event occurred and up to a 42 character custom user 
description. 

3. The user shall be able to review each event by simply selecting scrolling keys (up-down) 
for each event type 

4. New alarm, supervisory, or trouble events shall sound a silencing audible signal at the 
control panel. 

 
B. Operation of any alarm initiating device shall automatically: 

 
1. Update the control/display as described above (A.1.) 
2. Sound all audible speaker appliances with a prerecorded message. Audible devices shall 

have the ability to be silenced. 
3. Activate all strobe appliances throughout the facility. ALL STROBE APPLIANCES SHALL 

BE SYNCHRONIZED WITH EACH OTHER IN ANY LOCATION WITH TWO OR MORE 
DEVICES IN A COMMON FIELD OF VIEW. Visual devices shall be non-silenced unless 
the system is successfully reset. 

4. Operate control relay contacts to shutdown all HVAC units serving the floor of alarm initi-
ation. 

5. Operate control relay contacts to return all elevators that serve the floor of alarm initiation 
to the ground floor.  If the alarm originates from the ground floor, operate control circuits 
contacts to return all elevators to the floor above or to a level as directed by the local fire 
department. 
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6. Operate control relay contacts to release all magnetically held smoke doors throughout 
the building. 

7. Visually annunciate the individual point of alarm on all remote annunciator panels.  The 
visual indication shall remain on until the alarm condition is reset to normal. 

8. Transmit an alarm condition, via the integral central station communicator, to central sta-
tion/Local Fire Department (as required by the AHJ). 

 
C. Elevator smoke and heat detector sequences shall comply with the ANSI A17.1 requirements for 

main/alternate floor recalls, and shunt trip activations. 
 

D. Activation of a sprinkler supervisory initiating device shall: 

1. Update the control/display as described above (A.1.) 
2. Transmit a supervisory condition, via the integral central station communicator, to central 

station/Local Fire Department (as required by the AHJ). 
3. Visually annunciate the individual point of alarm on all remote annunciator panels.  The 

visual indication shall remain on until the alarm condition is reset to normal. 
 

E. The entire fire alarm system wiring shall be electrically supervised to automatically detect and re-
port trouble conditions to the fire alarm control panel.  Any opens, grounds or disarrangement of 
system wiring and shorts across alarm signaling wiring shall automatically: 

1. Update the control/display as described above (A.1.) 
2. Transmit a trouble condition, via the integral central station communicator, to central sta-

tion/Local Fire Department (as required by the AHJ). 
3. Visually and audibly annunciate a general trouble condition, on the remote annunciator 

panels.  The visual indication shall remain on until the trouble condition is repaired. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Fire-alarm control unit and raceways shall withstand the effects of 
earthquake motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2.4 FIRE-ALARM CONTROL UNIT 

A. Manufacturers: Subject to compliance with requirements provide products by one of the 
following manufacturers: 
1. Simplex (Basis of Design) 
2. Edwards 
3. Notifier by Honeywell  

B. Under Add Alternate No.11, a Simplex fire alarm system will be provided. 

C. Coordinate "General Requirements for Fire-Alarm Control Unit" Paragraph below with 
implementation details and Drawings. Addressable horns are available for notification-
appliance circuits; insert a subparagraph if required. UL 864 requires compliance with software 
integrity requirements. The fire alarm control panels shall incorporate all control electronics, 
relays, and necessary modules and components in a surface mounted cabinet.  The operating 
controls and zone/supervisory indicators shall be located behind locked door with viewing 
window.  All control modules shall be labeled, and all zone locations shall be identified.  The 



    SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM                                                           283111 - 6 of 16                                                                                                        
 

 

cabinet shall be steel, with a powder coat finish.  The assembly shall contain a base panel, 
system power supply and battery charger with optional modules suitable to meet the 
requirements of these specifications. 

 
D. System circuits shall be configured as follows:  Addressable analog loops Class B;    Notifica-

tion Appliance Circuits Class B. 
 
E. Single stage operation. 
 
F. The system shall be supervised, site programmable, and of modular design with expansion 

modules to serve up to 192 detectors and 188 remote modules, and four notification appliance 
circuits (NACs) convertible to power risers to serve remote multiple NAC modules for zoned 
signal applications. 

 
G. The system shall store all basic system functionality and job specific data in non-volatile 

memory.  The system shall survive a complete power failure intact. 
 
H. The system shall have built-in automatic system programming to automatically address and 

map all system devices and provide a minimum default single stage alarm system operation 
with support of alarm silence, trouble silence, drill, lamp test, and reset common controls. 

 
I. The system shall allow down loading of a job specific custom program created by system appli-

cation software.  It shall support programming of any input point to any output point.  The sys-
tem shall support the use of Bar Code readers to assist custom programming functions.  It shall 
allow authorized customization of fundamental system operations using initiating events to start 
actions, timers, sequences and logical algorithms. 

 
J. The system shall support distributed processor intelligent detectors with the following opera-

tional attributes; integral multiple differential sensors, automatic device mapping, electronic ad-
dressing, environmental compensation, pre-alarm, dirty detector identification, automatic 
day/night sensitivity adjustment, dual normal/alarm LEDs, relay bases, and isolator bases. 

 
K. The system shall use full digital communications to supervise all addressable loop devices for 

placement, correct location, and operation.  It shall allow swapping of "same type" devices 
without the need of addressing and impose the "location" parameters on replacement device.  It 
shall initiate and maintain a trouble if a device is added to a loop and clear the trouble when the 
new device is mapped and defined into the system. 

 
L. The system shall have a UL Listed Detector Sensitivity test feature, which will be a function of 

the smoke detectors and performed automatically every 4 hours. 
 
M. The system shall support 100% of all remote devices in alarm and provide support for a 100% 

compliment of detector isolator bases. 
 
N. All panel modules shall be supervised for placement and return trouble if damaged or removed. 
 
O. The system shall have a CPU watchdog circuit to initiate trouble should the CPU fail. 
 
P. The system evacuation signal rate shall be continuous, or March time at 120 PPM.   
 
Q. Provide a signal silence inhibit feature set to enter integer time between 0-99 minutes and an 

automatic signal silence timer set to enter integer time between 0-99 minutes.  Audible notifica-
tion appliances shall be affected by signal silence features.  Visual signal appliance shall not be 
affected by signal silence features. 
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R. The system program shall meet the requirements of this project, current codes and standards, 
and satisfy the Office of Life Safety. 

 
S. Passwords shall protect any changes to system operations. 
 
T. The power supply shall be a high efficiency switch mode type with line monitoring to automati-

cally switch to batteries for power failure or brown out conditions.  The automatic battery 
charger shall have low battery discharge protection.  The power supply shall provide internal 
power and 24 Vdc at 4A  continuous for notification appliance circuits.  The power supply shall 
be capable of providing 10A to output circuits for a maximum period of 50 ms.  Auxiliary power 
shall be 24 Vdc at 500 mA. All outputs shall be power limited.  The battery shall be sized to 
support the system for [24 or 4] hours of supervisory and trouble signal current plus general 
alarm for 5 minutes. 

 
U. The LCD Display Module shall be of membrane style construction with a 4 line by 20 character 

Liquid Crystal Display.  The LCD shall use supertwist technology and backlighting for high con-
trast visual clarity.  In the normal mode display the time, the total number of active events and 
the total number of disable points.  In the alarm mode display the total number of events and 
the type of event on display.  Reserve 40 characters of display space for user custom messag-
es.  The module shall have visual indicators for the following common control functions; AC 
Power, alarm, supervisory, monitor, trouble, disable, ground fault, cpu fail, and test.  There shall 
be common control keys and visual indicators for; reset, alarm silence, trouble silence, drill, and 
one custom programmable key/indicator.  Provide four pairs of display control keys for selection 
of event display by type (alarm, supervisory, monitor and trouble) and forward / backward 
scrolling through event listings.  The operation of these keys shall be integrated with the related 
common control indicators to flash the indicators when undisplayed events are available for 
display and turn on steady when all events have been displayed.  Allow the first event of the 
highest priority to capture the LCD for display so that arriving fire fighters can view the first 
alarm event "hands free".  Provide system function keys; status, reports, enable, disable, acti-
vate, restore, program, and test.  The module shall have a numeric keypad, zero through nine 
with delete and enter keys. 

 
V. The Main Controller Module shall control and monitor all local or remote peripherals.  It shall 

support the LCD Display Module, power supply, remote LCD and zone display annunciators, 
strip and carriage printers, and support communication interface standard protocol (CSI) devic-
es such as color computer annunciators and color graphic displays.  The RS-485 port shall be 
capable of supporting up to 32 remote annunciators.  The MCM shall provide one loop control-
ler circuit, two notification appliance circuits, and common form 'C' contacts for alarm, supervi-
sory, and trouble. Contact ratings shall be 24Vdc at 1A. 

2.5 MANUAL FIRE-ALARM BOXES 

A. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. The station shall be 
capable of storing up to 24 diagnostic codes that can be retrieved for troubleshooting assistance.  
Input circuit wiring shall be supervised for open and ground faults.  The fire alarm pull station 
shall be suitable for operation in the following environment: Temperature: 32°F to 120°F (0°C to 
49°C), Humidity: 0-93% RH, non-condensing. 
 
1. Manual Fire Alarm Stations:  Provide intelligent single action, single stage fire alarm 

stations.  The fire alarm station shall be of metal construction with an internal toggle 
switch.  Provide a locked test feature.  Finish the station in red with silver “PULL IN CASE 
OF FIRE” English lettering.  The manual station shall be suitable for mounting on North 
American 2 ½” (64mm) deep 1-gang boxes and 1 ½” (38mm) deep 4” square boxes with 
1-gang covers. 
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2.6 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 
 
1. Provide intelligent photoelectric smoke detectors.  The analog photoelectric detector shall 

utilize a light scattering type photoelectric smoke sensor to sense changes in air samples 
from its surroundings.  The integral microprocessor shall dynamically examine values 
from the sensor and initiate an alarm based on the analysis of data.  Systems using 
central intelligence for alarm decisions shall not be acceptable.  The detector shall 
continually monitor any changes in sensitivity due to the environmental effects of dirt, 
smoke, temperature, aging and humidity.  The information shall be stored in the integral 
processor and transferred to the analog loop controller for retrieval using a laptop PC.  
The photo detector shall be rated for ceiling installation at a minimum of 30 ft (9.1m) 
centers and be suitable for wall mount applications.  The photoelectric smoke detector 
shall be suitable for direct insertion into air ducts up to 3 ft (0.91m) high and 3 ft (0.91m) 
wide with air velocities up to 5,000 ft/min. (0-25.39 m/sec) without requiring specific duct 
detector housings or supply tubes. 
 
a. The percent smoke obscuration per foot alarm set point shall be field selectable to 

any of five sensitivity settings ranging from 1.0% to 3.5%.  The photo detector shall 
be suitable for operation in the following environment: 
 
1) Temperature: 32ºF to 120ºF (0ºC to 49ºC) 
2) Humidity: 0-93% RH, non-condensing 
3) Elevation: no limit 

2. Provide standard detector mounting bases suitable for mounting on North American 
1-gang, 31/2” or 4” octagon box and 4” square box.  The base shall, contain no 
electronics, support all detector types and have the following minimum requirements: 
 
a. Removal of the respective detector shall not affect communications with other 

detectors. 

B. Duct Smoke Detectors: Photoelectric type complying with UL 268A. 

1. Duct Detector Housing:  Provide Low profile intelligent addressable DUCT smoke 
detector as indicated on the project plans. Provide for variations in duct air velocity 
between 100 and 4,000 feet per minute and include a wide sensitivity range of .79 to 
2.46%/ft. Obscuration.  Include one Form-C shut down relay rated 2.0 amps @ 30 Vdc 
and also include slave high contact relays if required.  Provide an air exhaust tube and an 
air sampling inlet tube that extends into the duct air stream up to ten feet.  The 
addressable DUCT housing shall be suitable for extreme environments, including a 
temperature range of –20 to 158 degrees F (-29 to 70 degrees Celsius) and offer a harsh 
environment gasket option.  Provide Remote Alarm LED Indicators and/or remote test 
station model as indicated on the project plans. 

2.7 CARBON MONOXIDE DETECTORS 

A. General: Carbon monoxide detector listed for connection to fire-alarm system. 

1. Addressable Carbon Monoxide (CO) Detector, with audible sounder base. Provide 
intelligent addressable Carbon Monoxide Detector with Temporal 4 Audible Base. The 
CO detection element shall indicate a trouble condition at the FACP signaling end of life 
and the CO element of the detector shall be field replaceable. It shall be programmed at 



    SHARPSBURG ELEMENTARY SCHOOL 
REPLACEMENT 

DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM                                                           283111 - 9 of 16                                                                                                        
 

 

the main control panel as a supervisory indication and transmit a separate supervisory 
signal to the central station.  The CO detector shall be UL 2075 listed. 

2.8 MONITOR MODULES 

A. General Requirements for Monitor Modules: 
 
1. Single Input Module, (Waterflow Detectors, Tamper Switches etc.):  Provide intelligent 

single input modules. The Single Input Module shall provide one (1) supervised Class B 
input circuit capable of a minimum of 4 personalities, each with a distinct operation.  The 
module shall be suitable for mounting on North American 2 ½” (64mm) deep 1-gang 
boxes and 1 ½” (38mm) deep 4” square boxes with 1-gang covers.  The single input 
module shall support the following circuit types:  
 
a. Normally-Open Alarm Latching (Manual Stations, Heat Detectors, etc.),  
b. Normally-Open Alarm Delayed Latching (Waterflow Switches),  
c. Normally-Open Active Non-Latching (Monitor, Fans, Dampers, Doors, etc.),  
d. Normally-Open Active Latching (Supervisory, Tamper Switches). 

 
2. Dual Input Module:  Provide intelligent dual input modules.  The Dual Input Module shall 

provide two (2) supervised Class B input circuits each capable of a minimum of 4 
personalities, each with a distinct operation.  The module shall be suitable for mounting 
on North American 2 ½” deep 1-gang boxes and 1 ½” (38mm) deep 4” square boxes with 
1-gang covers.  The dual input module shall support the following circuit types:  
 
a. Normally-Open Alarm Latching (Manual Stations, Heat Detectors, etc.),  
b. Normally-Open Alarm Delayed Latching (Waterflow Switches),  
c. Normally-Open Active Non-Latching (Monitor, Fans, Dampers, Doors, etc.),  
d. Normally-Open Active Latching (Supervisory, Tamper Switches). 

 
3. Single Input Signal Module:  Provide intelligent single input signal modules.  The Single 

Input (Single Riser Select) Signal Module shall provide one (1) supervised Class B output 
circuit capable of a minimum of 2 personalities, each with a distinct operation.  When 
selected as a telephone power selector, the module shall be capable of generating its 
own “ring tone”.  The module shall be suitable for mounting on North American 2 ½” 
(64mm) deep 2-gang boxes and 1 ½” (38mm) deep 4” square boxes with 2-gang covers, 
or European 100mm square boxes.  The single input signal module shall support the 
following operations:  
 
a. Audible/Visible Signal Power Selector (Polarized 24 Vdc @ 2A). 

 
4. Dual Input Signal Module:  Provide intelligent dual input signal modules.  The Dual Input 

(Dual Riser Select) Signal Module shall provide a means to selectively connect one of 
two (2) signaling circuit power risers to one (1) supervised output circuit.  The module 
shall be suitable for mounting on North American 2- 1/2” (64mm) deep 2-gang boxes and 
1- 1/2” (38mm) deep 4” square boxes with 2-gang covers, or European 100mm square 
boxes.  The dual input signal module shall support the following operation:  
  
a. Audible/Visible Signal Power Selector (Polarized 24 Vdc @ 2A, 25 Vrms @ 50w or 

70 Vrms @ 35w of Audio) 
 

5. Control Relay Module:  Provide intelligent control relay modules.  The Control Relay 
Module shall provide one form “R” dry relay contact rated at 2 amps @ 24 Vdc to control 
external appliances or equipment shutdown.  The control relay shall be rated for pilot duty 
and releasing systems.  The position of the relay contact shall be confirmed by the 
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system firmware.  The control relay module shall be suitable for mounting on North 
American 2 ½” (64mm) deep 1-gang boxes and 1 ½” deep 4” square boxes with 1-gang 
covers. 

6. Audible Detector Mounting Base. The sounder base shall be capable of two tones, 
Temporal 3 for a fire condition and Temporal 4 for a Carbon monoxide condition.  The 
tones shall be fully programmable and also synchronize the sound with other sounder 
bases.  The system shall be UL2017 listed for dual signaling for this purpose. 

7. Monitor Module:  Provide intelligent monitor modules.  The Monitor Module shall be 
factory set to support one (1) supervised Class B Normally-Open Active Non-Latching 
Monitor circuit.  The monitor module shall be suitable for mounting on North American 2- 
1/2” (64mm) deep 1-gang boxes and 1- 1/2” (38mm) deep 4” square boxes with 1-gang. 

8. Universial Class A/B Module:  Provide intelligent Class A/B modules.  The Universal 
Class A/B Module shall be capable of a minimum of fifteen (15) distinct operations.  The 
module shall be suitable for mounting on North American 2 1/2” (64mm) deep 2-gang 
boxes and 1 1/2” (38mm) deep 4” square boxes with 2-gang covers, or European 100mm 
square boxes.  The universal class A/B module shall support the following circuit types: 
 
a. Two (2) supervised Class B Normally-Open Alarm Latching. 
b. Two (2) supervised Class B Normally-Open Alarm Delayed Latching. 
c. Two (2) supervised Class B Normally-Open Active Non-Latching. 
d. Two (2) supervised Class B Normally-Open Active Latching. 
e. One (1) form “C” dry relay contact rated at 2 amps @ 24 Vdc. 
f. One (1) supervised Class A Normally-Open Alarm Latching. 
g. One (1) supervised Class A Normally-Open Alarm Delayed Latching. 
h. One (1) supervised Class A Normally-Open Active Non-Latching. 
i. One (1) supervised Class A Normally-Open Active Latching. 
j. One (1) supervised Class A 2-wire Smoke Alarm Non-Verified.  
k. One (1) supervised Class B 2-wire Smoke Alarm Non-Verified. 
l. One (1) supervised Class A 2-wire Smoke Alarm Verified  
m. One (1) supervised Class B 2-wire Smoke Alarm Verified 
n. One (1) supervised Class A Signal Circuit, 24Vdc @ 2A. 
o. One (1) supervised Class B Signal Circuit, 24Vdc @ 2A 

2.9 WATERFLOW/TAMPER MODULE 

A. Waterflow/Tamper Module: The Waterflow/Tamper Module shall be factory set to support two (2) 
supervised Class B input circuits.  Channel A shall support a Normally-Open Alarm Delayed 
Latching Waterflow Switch circuit.  Channel B shall support a Normally-Open Active Latching 
Tamper Switch.  The waterflow/tamper module shall be suitable for mounting on North American 
2 1/2” (64mm) deep 1-gang boxes and 1 1/2” (38mm) deep 4” square boxes with 1-gang covers. 

2.10 NOTIFICATION APPLIANCES 

A. General: All appliances shall be UL Listed for Fire Protective Service.  All strobe appliances or 
combination appliances with strobes shall be capable of providing the “Equivalent Facilitation” 
which is allowed under the Americans with Disabilities Act accessibility guidelines (ADA(AG)), 
and shall be UL 1971, and ULC S526 Listed.   All appliances shall be of the same manufacturer 
as the Fire Alarm Control Panel (NO EXCEPTIONS) specified to insure absolute compatibility 
between the appliances and the control panels, and to insure that the application of the 
appliances are done in accordance with the single manufacturers’ instructions.  Any appliances 
that do not meet the above requirements, and are submitted for use must show written proof of 
their compatibility for the purpose intended.  Such proof shall be in the form of documentation 
from THE CONTROL PANEL MANUFACTURER clearly stating that the control equipment (as 
submitted) is 100% compatible with the submitted Notification Appliances. The visual and 
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audio/visual  signaling devices shall be compatible with the system as stated in the installation 
manuals and be Listed with Underwriters Laboratories Inc. per UL 1971 and/or 1638. Each 
indicating appliance circuit shall be electrically supervised for opens, grounds and short circuit 
faults, on the circuit wiring, and shall be so arranged that a fault condition on any indicating 
appliance circuit or group of circuits will not cause an alarm to sound. The occurrence of any 
fault will light the trouble LED and sound the system trouble sounder, but will not interfere with 
the proper operation of any circuit which does not have a fault condition. The notification 
appliance (combination audio/visual units only) shall produce a peak sound output of 90dba or 
greater as measured in an anechoic chamber. The appliance shall be capable of meeting the 
candela requirements of the blueprints presented by the Engineer and ADA. The appliance shall 
be polarized to allow for electrical supervision of the system wiring. The unit shall be provided 
with terminals with barriers for input/output wiring and be able to mount a single gang or double 
gang box or double workbox with the use of an adapter plate. The unit shall have an input 
voltage range of 19-30 volts. 

B. Strobes:  Provide low profile wall mounted strobes at the locations shown on the drawings. 
Provide series low profile ceiling mounted Strobes shall provide synchronized flash outputs. 
Strobe output shall be field selectable as indicated on the drawings in one of the following 
intensity levels; 15/75, 15cd, 30cd, 75cd or 110cd*. Low profile strobes shall mount in a North 
American 1-gang box or surface mounted on a matching back box provided by the 
manufacturer, as directed in the field.  
 

C. Speakers and Speaker Strobes:   Provide speakers with a 4” cone, wall mounted. The rear of 
the speaker shall be completely sealed protecting the cone during and after installation.  Screw 
terminals shall be provided for wiring and the speaker housings shall be red and include "FIRE" 
labeling.  Speakers shall be provided for use with 70V systems and shall provide power taps at 
1/4w, 1/2w, 1w, and 2w.  Speakers shall provide UL confirmed 90 dBA sound output at 2w.  
Speakers shall mount in a North American 4” electrical box with extension ring using the 2 
screws provided with ring.  It must not be necessary to completely remove the screws to 
facilitate mounting. 

2.11 MAGNETIC DOOR HOLDERS 

A. Description: Units are equipped for wall or floor mounting as indicated and are complete with 
matching doorplate. 

1. Electromagnets: Require no more than 3 W to develop 25-lbf (111-N) holding force. 
2. Wall-Mounted Units: Flush mounted unless otherwise indicated. 
3. Rating: 24-V ac or dc. 
4. Rating: 120-V ac. 

B. Material and Finish: Match door hardware. 

2.12 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 two 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 
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remote alarm receiving station over the remaining line. Transmitter shall automatically report 
telephone service restoration to the central station. If service is lost on both telephone lines, 
transmitter shall initiate the local trouble signal. 

C. Local functions and display at the digital alarm communicator transmitter shall include the 
following: 

1. Verification that both telephone lines are available. 
2. Programming device. 
3. LED display. 
4. Manual test report function and manual transmission clear indication. 
5. Communications failure with the central station or fire-alarm control unit. 

D. Digital data transmission shall include the following: 

1. Address of the alarm-initiating device. 
2. Address of the supervisory signal. 
3. Address of the trouble-initiating device. 
4. Loss of ac supply. 
5. Loss of power. 
6. Low battery. 
7. Abnormal test signal. 
8. Communication bus failure. 

E. Secondary Power: Integral rechargeable battery and automatic charger. 
 

F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station. 

PART 3 - EXECUTION 

3.1 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." 
 

B. Equipment Mounting: Install fire-alarm control unit on finished floor. 

1. Comply with requirements for seismic-restraint devices specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 

C. Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm) 
above the finished floor. 

1. Comply with requirements for seismic-restraint devices specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 

D. 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. 
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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. 

E. Smoke- or Heat-Detector Spacing: Comply with NFPA 72. 
 

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. 
 

G. 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. 

3.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. 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." 
5. MC Cable shall be listed for FA use. 

C. Circuits: 

1. Single circuit. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

E. Ground Conductor: Insulated. 

F. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 

G. Armor: Steel; interlocked. 

H. All conduits used for FA shall be RED. 

3.3 CONNECTIONS 

A. For fire-protection systems related to doors in fire-rated walls and partitions and to doors in 
smoke partitions, comply with requirements in Section 087100 "Door Hardware." Connect 
hardware and devices to fire-alarm system. 
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1. Verify that hardware and devices are listed for use with installed fire-alarm system before 
making connections. 

B. 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. 

1. Smoke dampers in air ducts of designated HVAC duct systems. 
2. Magnetically held-open doors. 
3. Electronically locked doors and access gates. 
4. Alarm-initiating connection to elevator recall system and components. 
5. Alarm-initiating connection to activate emergency lighting control. 
6. Alarm-initiating connection to activate emergency shutoffs for gas and fuel supplies. 
7. Supervisory connections at valve supervisory switches. 
8. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system. 
9. Supervisory connections at elevator shunt-trip breaker. 
10. Supervisory connections at fire-extinguisher locations. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 
 

B. Install framed instructions in a location visible from fire-alarm control unit. 

3.5 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. 

3.6 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. 
 

B. 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 NFPA 72 in its "Completion Documents, 
Preparation" table in the "Documentation" section of the "Fundamentals" chapter. 

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. 
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3. Test audible appliances for the public operating mode according to manufacturer's written 
instructions. Perform the test using a portable sound-level meter complying with Type 2 
requirements in ANSI S1.4. 

4. Test audible appliances for the private operating mode according to manufacturer's 
written instructions. 

5. Test visible appliances for the public operating mode according to manufacturer's written 
instructions. 

6. 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. 

C. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or 
replaced devices and appliances. 

D. Fire-alarm system will be considered defective if it does not pass tests and inspections. 
 

E. Prepare test and inspection reports. 

F. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly, 
quarterly, and semiannual periods. Use forms developed for initial tests and inspections. 
 

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. 

3.7 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 
 

B. Technical Support: Beginning at Substantial Completion, service agreement shall include 
software support for two years. 
 

C. 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 access to system and to 
upgrade computer equipment if necessary. 

3.8 DEMONSTRATION AND TRAINING 

A. The contractor shall compile and provide to the owners three (3) complete manuals on the 
completed system to include SITE SPECIFIC operating and maintenance instruction, catalog 
cuts of all equipment and components, as-built wiring diagrams and a manufacturer’s suggested 
spare parts list. An operational Video, on DVD media, shall also be included. 
 

B. In addition to the above manuals, the Electrical Contractor shall provide the services of the 
manufacturer’s trained representative for two (2) separate calendar days for a period of four (4) 
hours per day to instruct the owners’ designated personnel on the operation and maintenance 
of the entire system. 
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C. As-built drawings shall consist of the following: 
 

1. Complete revision of all previously submitted drawings. 
2. Point-to-point depiction of all device wiring on the device layout floor plans 
3. One (1) set of B-size, laminated as-built drawings. 
4. Two (2) sets of 30” x 42” 1/16” = 1’ scale drawings showing all points of the fire alarm 

including addresses. One set shall be submitted with the closeout documents. Second 
set shall be mounted in frame with lexan cover. These drawings must be submitted to 
project Engineer for approval. 

D. Turnover of all software database hard/soft copies shall be required. This shall include all 
possible programming software logs, diskettes or CDs containing exported project files, hard 
copies of all device maps, the revision number of the version of programming utility used, and 
all required passwords. 

3.9 FINAL TEST 

A. Before the installation shall be considered completed and acceptable by the awarding authority, 
a test of the system shall be performed as follows: 
 
1. The contractor’s job foreman, a representative of the Owner, and the fire department 

shall operate every building fire alarm device to ensure property operation and correct 
annunciation at the control panel. 

2. At least one half of all tests shall be performed on battery standby power. 
3. Where application of heat would destroy any detector, it may be manually active. 
4. The communication loops and the indicating appliance circuits shall be opened in at least 

two (2) locations per circuit to check for the presence of correct supervision circuitry. 
5. When the testing has been completed to the satisfaction of both the contractor’s job 

foreman and Owner, a notarized letter cosigned by each attesting to the satisfactory 
completion of said testing shall be forwarded to the Owner and the fire department. 

6. The contractor shall leave the fire alarm system in proper working order, and without 
additional expense to the owner, shall replace any defective materials r equipment 
provided by him under this contract within one year (365 days) from the date of final 
acceptance by the awarding authority. 

7. Prior to final test the fire department must be notified in accordance with local 
requirements. 

END OF SECTION 283111 


