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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
The scope of work consists of the furnishing and installing of complete plumbing (exterior and interior) and 
HVAC systems including miscellaneous systems.  The Mechanical Contractor (hereafter referred to as "the 
Contractor", either Plumbing or HVAC) shall provide all supervision, labor, materials, equipment, machinery, 
and any and all other items necessary to complete the systems.  The Contractor shall note that all items of 
equipment are specified in the singular; however, the Contractor shall provide and install the number of items 
of equipment as indicated on the drawings and as required for complete systems. 
 
It is the intention of the Specifications and Drawings to call for finished work, tested and ready for operation. 
 
Any apparatus, appliance, material, or work not shown on the drawings but mentioned in the specifications, 
or vice versa, or any incidental accessories necessary to make the work complete and perfect in all respects 
and ready for operation, even if not particularly specified, shall be furnished, delivered, and installed by the 
Contractor without additional expenses to the Owner.  Minor details not usually shown or specified, but 
necessary for proper installation and operation, shall be included in the Contractor's estimate, the same as if 
herein specified or shown. 
 
With submission of bid, the Contractor shall give written notice to the Architect of any materials or apparatus 
believed inadequate or unsuitable, in violation of laws, ordinances, rules, and any necessary items or work 
omitted.  In the absence of such written notice, it is mutually agreed that the Contractor has included the cost 
of all required items in his proposal, and that he will be responsible for the approved satisfactory functioning 
of the entire system without extra compensation. 
 
NOTICE TO BIDDERS, INSTRUCTIONS TO BIDDERS, SUPPLEMENTARY INSTRUCTIONS, GENERAL 
CONDITIONS, SUPPLEMENTARY GENERAL CONDITIONS, SPECIAL CONDITIONS, GENERAL 
REQUIREMENTS bound in the front of this document are included as a part of the specifications for this 
work. 
 
MECHANICAL DRAWINGS AND SPECIFICATIONS: 
 
The mechanical drawings are diagrammatic and indicate the general arrangement of fixtures, equipment, and 
work included in the contract.  Consult the architectural, structural and electrical drawings and details for 
exact location and dimensions of fixtures and equipment;  where same are not definitely located, obtain this 
information from the Architect.   
 
The Contractor shall follow drawings in laying out 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 Architect shall be notified before proceeding with 
installation.  If directed by the Architect, the Contractor shall, without extra charge, make reasonable 
modifications in the layout as needed to prevent conflict with work of other trades or for proper execution of 
the work. 
 
The plans and these specifications are intended to describe, imply and convey the materials and equipment 
as well as necessary labor, required for the installation as outlined in the paragraph entitled "Scope of Work".  
Any omissions from either the drawings or these specifications are unintentional, and it shall be the 
responsibility of this Contractor to call to the attention of the Architect or Engineer any pertinent omissions 
before submission of a bid.  The drawings which accompany these specifications are not intended to show in 
complete detail every fitting which may be required; however wherever reasonable implied by the nature of 
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the work, any such material or equipment shall be installed by this Contractor as a part of his contract price.  
In no case will any extra charge be allowed unless authorized in writing by the Architect or Engineer. 
 
The Contractor shall arrange with the General Contractor for required concrete and masonry chases, 
openings, and sub-bases so as not to delay progress of work.  Work shall be installed sufficiently in advance 
of other construction to conceal piping and to permit work to be built in where required. 
 
It shall be understood and agreed by all parties that where the words "Furnish", "Install", and / or "Provide" 
appear, the following definitions apply: 
 
 Furnish  - to supply or give 
 Install   - to place, establish or fix in position 
 Provide - to furnish and install as defined above 
 
CODES, PERMITS, AND FEES: 
 
The Contractor shall give all necessary notices, including electric and telephone utilities, obtain all permits, 
and pay all government taxes, fees, and other costs, including utility connections or extensions in connection 
with his work file all necessary plans, prepare all documents, and obtain all necessary approvals of all 
governmental departments having jurisdiction;  obtain all required certificates of inspection for his work and 
deliver same to the Architect before request for acceptance and final payment for the work. 
 
The Contractor shall include in the work, without extra cost to the Owner, any labor, materials, services, 
apparatus, drawings (in addition to contract drawing and documents) in order to comply with all applicable 
laws, ordinances, rules, and regulations, whether or not shown on drawings and / or specified. 
 
Work and materials shall conform to the latest rules of the National Board of Fire Underwriter's Code and 
Regulations of the State Fire Marshall, and, or guarding of any moving parts, or otherwise hazardous 
conditions.  Nothing in these specifications shall be construed to permit work not conforming to the most 
stringent of applicable codes. 
 
The State Plumbing and Mechanical codes, and the mechanical requirements as established by the State 
and Local Fire Marshall, and rules and regulations of the local utilities serving the project are hereby made 
part of this specification.  Should any changes be necessary in the drawings or specifications to make the 
work comply with these requirements, the Contractor shall notify the Architect. 
 
VERIFICATION OF DIMENSIONS, DETAILS, EXISTING FIELD CONDITIONS:  
 
The Contractor shall visit the premises prior to bidding, and thoroughly familiarize himself with all details of 
the work, working conditions, verify dimensions in the field, provide advice of any discrepancy, and submit 
shop drawings of any changes he proposes to make in quadruplicate for approval before starting any work.  
The Contractor shall install all equipment in a manner to avoid building interference.  No Change Order for 
extra work will be considered for items that were evident during a site visit. 
 
The locations of existing underground utilities are shown in an approximate way only and have not been 
independently verified by the Owner or its representative.  The Contractor shall determine the exact location 
of all existing utilities before commencing work and agrees to be fully responsible for any and all damages 
which might be occasioned by the Contractor's failure to exactly locate and preserve any and all underground 
utilities. 
 
ACCEPTABLE MANUFACTURERS: 
 
Acceptable manufacturers, as specified in the Contract Documents, implies that the specified manufacturer 
may produce acceptable products equal in quality of materials and performance to such item specified.  The 
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Contractor will be required to provide products meeting or exceeding the "Standard of Quality and 
Performance" as dictated by the product selection noted. 
 
 
SHOP DRAWINGS AND EQUIPMENT SUBMITTALS: 
 
The Contractor shall submit minimum of five (5) and maximum of seven (7) copies of the shop drawings to 
the Architect for approval within thirty (30) days after the award of the general contract.  If such a schedule 
cannot be met, the Contractor may request in writing for an extension of time to the Architect.  If the Contractor 
does not submit shop drawings in the prescribed time, the Architect has the right to select the equipment. 
 
Shop drawings shall be submitted on all major pieces of mechanical equipment.  Each item of equipment 
proposed shall be a standard catalog product of an established manufacturer.  Certain major groups of 
equipment shall be provided from a singular manufacturer.  The shop drawing shall give complete information 
on the proposed equipment.  Each item of the shop drawings shall be properly labeled, indicating the intended 
service of the material, the job name, and the MC's name. 
 
The shop drawings shall be neatly bound in five (5) sets and submitted to the Architect with a letter of 
transmittal.  The letter of transmittal shall list each item submitted along with the manufacturer's name. 
 
Approval rendered on shop drawings shall not be considered as a guarantee of measurements or building 
conditions.  Where drawings are approved, said approval does not mean that drawings have been checked 
in detail; said approval does not in any way relieve the Contractor from his responsibility or necessity of 
furnishing material or performing work as required by the contract drawings and specifications. 
 
AS-BUILT DRAWINGS: 
 
The Contractor shall maintain accurate records of all deviations in work as actually installed from work 
indicated on the drawings.  On completion of the project, two (2) complete sets of marked-up prints shall be 
delivered to the Architect. 
 
MAINTENANCE AND OPERATING MANUALS: 
 
Upon completion, the MC shall turn over to the Architect three (3) sets of complete maintenance manuals 
and parts list for all mechanical equipment used on the job.  Manuals shall include equipment data, 
manufacturer's recommended maintenance, parts list, assembly drawings, warranties, and name, address, 
and phone numbers of suppliers of equipment.  Indicate project name on cover and binder side.  
 
COORDINATION WITH OTHER TRADES: 
 
Coordinate all work required under this section with work of other sections of the specifications to avoid 
interference. Bidders are cautioned to check their equipment against space available as indicated on 
drawings and shall make sure that proposed equipment can be accommodated.  If interferences occur, 
Contractor shall bring them to attention in writing, prior to signing of contract; or, Contractor shall at his own 
expense provide proper materials, equipment, and labor to correct any damage due to defects in his work 
caused by such interference.  
 
INSPECTION AND CERTIFICATES: 
 
On the completion of the entire installation, the approval of the Architect and Owner shall be secured, covering 
the installation throughout.  The Contractor shall obtain and pay for Certificate of Approval from the public 
authorities having jurisdiction.  A final inspection certificate shall be submitted to the Architect prior to final 
payment.  Any and all costs incurred for fees shall be paid by the Contractor. 
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EQUIVALENTS: 
 
When material or equipment is mentioned by name, it shall form the basis of the Contract.  When approved 
by the Architect in writing, other material and equipment may be used in place of those specified, but written 
application for such substitutions shall be made to the Architect as described in the Bidding Documents.  The 
difference in cost of substitute material or equipment shall be given when making such request.  Approval of 
substitute is, of course, contingent on same meeting specified requirements and being of such design and 
dimensions as to comply with space requirements. 
 
WORKMANSHIP AND MATERIALS: 
 
All workmanship shall be of the best quality, and all equipment and materials incorporated in the work under 
this Contract shall be new and equal to or better than the grade specified.  Deviations in workmanship or 
materials will be corrected by the Contractor at his expense. 

 
WARRANTY: 
 
The Contractor shall submit upon completion of the work, a warranty by his acceptance of the contract, that 
all work installed will be free from defects in workmanship and materials.  If, during the period of one year, or 
as otherwise specified from date of Certificate of Completion and acceptance of work, any such defects in 
workmanship, materials, or performance appear, the Contractor shall, without cost to the Owner, remedy 
such defects within reasonable time to be specified in notice from the Architect.  In default, the Owner may 
have such work done and charge cost to Contractor. 
 
CUTTING AND PATCHING: 
 
The Mechanical Contractor (both Plumbing and HVAC) shall furnish sketches to the General Contractor 
showing the locations and sizes of all openings and chases, and furnish and locate all sleeves and inserts 
required for the installation of the mechanical work before the walls, floors, and roof are built.  The Mechanical 
Contractor shall reimburse the General Contractor for the cost of cutting and patching, and shall be 
responsible for the cost of cutting and / or patching where any mechanical items were not installed or where 
incorrectly sized or located.  The Contractor shall do all drilling required for the installation of his hangers.  
See also Section 01050, Cutting and Patching. 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
PART 1 - GENERAL 
 

1.1 DESCRIPTION  
A. Basic methods and requirements for Division 15, MECHANICAL, applies to all sections of Division 

15. 
B. Definitions: 

1. Exposed: Piping, ductwork, and equipment exposed to view in finished rooms.  
2. Option or optional: Contractor's choice of an alternate material or method.  

 
1.2 RELATED WORK  

H. Section 15250, INSULATION. 

K. Section 15980, TESTING, ADJUSTING, AND BALANCING. 

L. Section 16400, SERVICE AND DISTRIBUTION. 

 
1.3 QUALITY ASSURANCE  

A. Section 15980, TESTING, ADJUSTING, AND BALANCING. 
 
B. Equipment Vibration Tolerance: 
 

1. The allowable vibration tolerance shall be in accordance with 1999 ASHRAE Applications 
Handbook, Table 1, 46.3. Equipment specifications require factory balancing of equipment to 
this tolerance. 

2. After air balance work is completed and permanent drive sheaves are in place, perform field 
mechanical balancing and adjustments required to meet the specified vibration tolerance. 

 
C. Products Criteria: 
 

1. Standard Products: Material and equipment shall be the standard products of a manufacturer 
regularly engaged in the manufacture of the products for at least 3 years. See other specification 
sections for any exceptions. 

2. Equipment Service: Products shall be supported by a service organization which maintains a 
complete inventory of repair parts and is located reasonably close to the site. 

3. Multiple Units: When two or more units of materials or equipment of the same type or class are 
required, these units shall be products of one manufacturer. 

4. Assembled Units: Manufacturers of equipment assemblies, which use components made by 
others, assume complete responsibility for the final assembled product. 

5. Nameplates: Nameplate bearing manufacturer's name or identifiable trademark shall be 
securely affixed in a conspicuous place on equipment, or name or trademark cast integrally with 
equipment, stamped or otherwise permanently marked on each item of equipment. 

6. Asbestos products or equipment or materials containing asbestos shall not be used. 
 
 

D. Manufacturer's Recommendations: Where installation procedures or any part thereof are required 
to be in accordance with the recommendations of the manufacturer of the material being installed, 
printed copies of these recommendations shall be furnished to the Resident Engineer prior to 
installation. Installation of the item will not be allowed to proceed until the recommendations are 
received. Failure to furnish these recommendations can be cause for rejection of the material. 
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E. Warranty: Section 01001, GENERAL CONDITIONS.  

 
1.4 SUBMITTALS  

A. Submit in accordance with General Provisions.  
 
B. Manufacturer's Literature and Data: Submit under the pertinent section rather than under this 

section.  
1. Submit belt drive with the driven equipment.  
2. Submit electric motor data and variable speed drive data with the driven equipment.  
3. Equipment and materials identification.  
4. Fire-stopping materials.  
5. Hangers, inserts, supports and bracing. Provide load calculations for variable spring and 

constant support hangers.  
6. Wall, floor, and ceiling plates. 
  

C. Coordination Drawings; provide where required in accordance with Section 01001, GENERAL 
CONDITIONS, Article, SUBCONTRACTS AND WORK COORDINATION. Provide: 
1. Mechanical equipment rooms.  
2. Interstitial space. 
3. Hangers, inserts, supports, and bracing.  
4. Pipe sleeves.  
5. Duct or equipment penetrations of floors, walls, ceilings, or roofs.  
 

D. Maintenance Data and Operating Instructions:  
1. Maintenance and operating manuals in accordance with Section 01010, GENERAL 

REQUIREMENTS, Article, INSTRUCTIONS, for systems and equipment.  
2. Provide a listing of recommended replacement parts for keeping in stock supply, including 

sources of supply, for equipment. Include in the listing belts for equipment: Belt manufacturer, 
model number, size and style, and distinguished whether of multiple belt sets.  

 
E. Provide copies of approved HVAC equipment submittals to the Testing, Adjusting and Balancing 

Subcontractor.  
 
1.5 APPLICABLE PUBLICATIONS  

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

B. Federal Specifications (Fed. Spec.):  
FF-S-325 .................................... Shield, Expansion; Nail, Expansion; and Nail, Drive Screw 

(Devices, Anchoring, Masonry)  
C. Air Conditioning and Refrigeration Institute (ARI):  

430-89 ........................................ Central Station Air-Handling Units  
D. American National Standard Institute (ANSI):  

B31.1-98 ..................................... Power Piping  
E. Rubber Manufacturers Association (ANSI/RMA):  

IP-20-88 ..................................... Drives Using Classical V-Belts and Sheaves - Cross Sections A, 
B, C, D, and E 

IP-21-91 ..................................... Drives Using Double-V (Hexagonal) Belts (AA, BB, XX, DD Cross 
Sections) 

IP-22-91 ..................................... Drives Using Narrow Multiple V-Belts (3V, 5V, and 8V Cross 
Sections)  

F. Air Movement and Control Association (AMCA):  
410-96 ........................................ Recommended Safety Practices for Air Moving Devices  

G. American Society of Mechanical Engineers (ASME):  
Boiler and Pressure Vessel Code (BPVC):  
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SEC IX-98 .................................. Qualifications Standard for Welding and Brazing Procedures, 
Welders, Brazers, and Welding and Brazing Operators  

H. American Society for Testing and Materials (ASTM):  
A36/A36M-97 ............................. Carbon Structural Steel 
A575-96 ...................................... Steel Bars, Carbon, Merchant Quality, M-Grades 
E84-98  ....................................... Surface Burning Characteristics of Building Materials  
E119-98 ...................................... Fire Tests of Building Construction and Materials  

I. Manufacturers Standardization Society (MSS) of the Valve and Fittings Industry, Inc:  
SP-58-93 .................................... Pipe Hangers and Supports-Materials, Design and Manufacture  
SP-69-96 .................................... Pipe Hangers and Supports-Selection and Application 

J. National Association of Plumbing - Heating - Cooling Contractors (NAPHCC):  
1996 ........................................... National Standard Plumbing Code 

K. National Fire Protection Association (NFPA):  
90A-96 ........................................ Installation of Air Conditioning and Ventilating Systems  
101-97 ........................................ Life Safety Code  

 
PART 2 - PRODUCTS  
2.1 BELT DRIVES  

A. Type: ANSI/RMA standard V-belts with proper motor pulley and driven sheave. Belts shall be 
constructed of reinforced cord and rubber.  

 
B. Dimensions, rating and selection standards:  ANSI/RMA IP-20 and IP-21.  
 
C. Minimum Horsepower Rating: Motor horsepower plus recommended ANSI/RMA service factor (not 

less than 20 percent) in addition to the ANSI/RMA allowances for pitch diameter, center distance, 
and arc of contact.  

 
D. Maximum Speed: 5000 feet per minute. 
  
E. Adjustment Provisions: For alignment and ANSI/RMA standard allowances for installation and 

take-up.  
 
F. Drives may utilize a single V-Belt (any cross section) when it is the manufacturer's standard.  
 
F. Multiple Belts: Matched to ANSI/RMA specified limits by measurement on a belt measuring fixture. 

Seal matched sets together to prevent mixing or partial loss of sets. Replacement, when necessary, 
shall be an entire set of new matched belts.  

 
H. Sheaves and Pulleys: 

1. Material: Pressed steel, or close grained cast iron.  
2. Bore: Fixed or bushing type for securing to shaft with keys.  
3. Balanced: Statically and dynamically.  
4. Groove spacing for driving and driven pulleys shall be the same.  

 
I. Drive Types, Based on ARI 435:  

1. Provide adjustable-pitch or fixed-pitch drive as follows:  
a. Fan speeds up to 1800 RPM: 7.5 horsepower (10 kW) and smaller.  
b. Fan speeds over 1800 RPM: 2.2 horsepower (3  kW) and smaller.  

2. Provide fixed-pitch drives for drives larger than those listed above.  
3. The final fan speeds required to just meet the system CFM and pressure requirements, without 

throttling, shall be determined by adjustment of a temporary adjustable-pitch motor sheave or 
by fan law calculation if a fixed-pitch drive is used initially. 

 
2.2 DRIVE GUARDS  

A. For machinery and equipment, provide guards as shown in AMCA 410 for belts, chains, couplings, 
pulleys, sheaves, shafts, gears and other moving parts regardless of height above the floor. Drive 
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guards may be excluded where motors and drives are inside factory fabricated air handling unit 
casings.  

 
B. Materials: Sheet steel, cast iron, expanded metal or wire mesh rigidly secured so as to be removable 

without disassembling pipe, duct, or electrical connections to equipment.  
 

C. Access for Speed Measurement: 1” diameter hole at each shaft center.  
 
2.3 ELECTRIC MOTORS  

A. Section 15170, MOTORS, specifies the applicable requirements for electric motors. Provide special 
energy efficient motors as scheduled. Unless otherwise specified for a particular application use 
electric motors with the following requirements.  

 
B. Single-phase Motors: Capacitor-start type for hard starting applications. Motors for centrifugal fans 

and pumps may be split phase or permanent split capacitor (PSC).  
 

C. Poly-phase Motors: NEMA Design B, Squirrel cage, induction type. Each two-speed motor shall 
have two separate windings. Provide a time-delay (20 seconds minimum) relay for switching from 
high to low speed. 

 
D. Rating: Continuous duty at 100 percent capacity in an ambient temperature of 104 degrees F; 

minimum horsepower as shown on drawings; maximum horsepower in normal operation not to 
exceed nameplate rating without service factor.  

 
E. Insulation Resistance: Not less than one-half meg-ohm between stator conductors and frame, to be 

determined at the time of final inspection.  
 

2.4 VARIABLE SPEED MOTOR CONTROLLERS  
A. Removed 
 

2.5 EQUIPMENT AND MATERIALS IDENTIFICATION  
A. Use symbols, nomenclature and equipment numbers specified, shown on the drawings and shown 

in the maintenance manuals.  
 
B. Interior (Indoor) Equipment: Engraved nameplates, with letters not less than 3/16” high of brass with 

black-filled letters, or rigid black plastic with white letters permanently fastened to the equipment. 
Identify unit components such as coils, filters, fans, etc.  

 
C. Exterior (Outdoor) Equipment: Brass nameplates, with engraved black filled letters, not less that 

3/16” high riveted or bolted to the equipment. 
 
D. Control Items: Label all temperature and humidity sensors, controllers and control dampers. Identify 

and label each item as they appear on the control diagrams.  
 
2.6 FIRESTOPPING  

 See Sheet FP – 001.  FIRESTOPPING specifies an effective barrier against the spread of fire, 
smoke and gases where penetrations occur for piping and ductwork. Refer also to Section 15250, 
INSULATION, for firestop pipe and duct insulation.  

 
2.7 GALVANIZED REPAIR COMPOUND 

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

2.8 PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS  
A. Vibration Isolators: see drawing details.  
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B. Supports For Roof Mounted Items:  

1. Equipment: Equipment rails shall be galvanized steel, 8 gauge, with integral baseplate, 
continuous welded corner seams, factory installed 2 by 4 treated wood nailer, 18 gauge 
galvanized steel counter flashing cap with screws, built-in cant strip, (except for gypsum or 
tectum deck), minimum height 11 inches. For surface insulated roof deck, provide raised cant 
strip to start at the upper surface of the insulation.  

2. Pipe/duct pedestals: Provide a galvanized unistrut channel welded to U-shaped mounting 
brackets which are secured to side of rail with galvanized lag bolts.  
 

D. For Attachment to Concrete Construction: 
1. Concrete insert: Type 18, MSS SP-58.  
2. Self-drilling expansion shields and machine bolt expansion anchors: Fed. Spec. FF-S-325, 

permitted in concrete not less than four inches thick. Applied load shall not exceed one-fourth 
the proof test load listed in Fed. Spec. FF-S-325.  

3. Power-driven fasteners: Permitted in existing concrete or masonry not less than four inches 
thick when approved by the Resident Engineer for each job condition. Applied load shall not 
exceed one-fourth the proof test load listed in Fed. Spec. FF-S-325. 
 

F. For Attachment to Steel Construction: MSS SP-58.  
1. Welded attachment: Type 22.  
2. Beam clamps: Types 20, 21, 28 or 29. Type 23 C-clamp may be used for individual copper 

tubing up to 7/8-inch outside diameter.  
 

F. Attachment to Metal Pan or Deck: As required for materials specified in Division 5. 
 
G. For Attachment to Wood Construction: Wood screws or lag bolts.  
 
H. Hanger Rods: See Section 15060. 
 
J. Multiple (Trapeze) Hangers: Galvanized, cold formed, lipped steel channel horizontal member, not 

less than 1-5/8 inches by 1-5/8 inches, No. 12 gauge, designed to accept special spring held, 
hardened steel nuts. Not permitted for steam supply and condensate piping.  
1. Allowable hanger load: Manufacturers rating less 91kg ( 200 pounds).  
2. Guide individual pipes on the horizontal member of every other trapeze hanger with 6 mm 

(1/4-inch) U-bolt fabricated from steel rod. Provide Type 40 insulation shield, secured by two 
13mm (1/2-inch) galvanized steel bands, or preinsulated calcium silicate shield for insulated 
piping at each hanger.  

 
K. Pipe Hangers and Supports:  

1. Convertor and Expansion Tank Hangers: May be Type 1 sized for the shell diameter. Insulation 
where required will cover the hangers. 

2. Plumbing Piping (Other Than General Types):  
a. Horizontal piping: Type 1, 5, 7, 9, and 10.  
b. Chrome plated piping: Chrome plated supports.  
c. Hangers and supports in pipe chase: Prefabricated system ABS self-extinguishing material, 

not subject to electrolytic action, to hold piping, prevent vibration and compensate for all 
static and operational conditions. 

d. Blocking, stays and bracing: Angle iron or preformed metal channel shapes, 1.3 mm (18 
gage) minimum. 
 

L. Pre-insulated Calcium Silicate Shields: 
1. Provide 360 degree water resistant high density 965 kPa (140 psi) compressive strength calcium 

silicate shields encased in galvanized metal. 
2. Pre-insulated calcium silicate shields to be installed at the point of support during erection. 
3. Shield thickness shall match the pipe insulation. 
4. The type of shield is selected by the temperature of the pipe, the load it  must carry, and 

the type of support it will be used with. 
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a. Shields for supporting chilled or cold water shall have insulation that extends a minimum of 
1 inch past the sheet metal. Provide for an adequate vapor barrier in chilled lines. 

b. The pre-insulated calcium silicate shield shall support the maximum allowable water filled 
span as indicated in MSS-SP 69. To support the load, the shields may have one or more of 
the following features: structural inserts 4138 kPa (600 psi) compressive strength, an extra 
bottom metal shield, or formed structural steel (ASTM A36) wear plates welded to the bottom 
sheet metal jacket. 

5. Shields may be used on steel clevis hanger type supports, roller supports or flat surfaces. 
 

M. Seismic Restraint of Piping: 
1. Design criteria is as follows: 

a. Piping resiliently supported: 120 percent of the weight of the systems and components and 
contents. 

b. Piping not resiliently supported: 60 percent of the weight of the system components and 
contents. 

c. Except as noted above, meet the more severe requirements of the Local Code and the latest 
Uniform Building Code for determining seismic force Fp. 

2. Provide one of the following options: 
a. Design and installation to meet the criteria listed above, and meet requirements of the latest 

Sheet Metal and Air Conditioning Contractors National Association (SMACNA), Seismic 
Restraint Manual Guidelines for Mechanical Systems for the prescribed Seismic Hazard 
Level 

b. Design and installation to meet the criteria listed above, and meet the most current 
requirements of the National Uniform Seismic Installation Guidelines (NUSIG). Contractor 
shall submit all design tables and information for the design force levels, stamped and 
signed by a professional engineer registered in the State where project is located. 

c. Where SMACNA or NUSIG requirements are not met completely, submit proposed alternate 
details and calculations to completely address seismic bracing requirements. Such designs 
shall use more severe of the Local Code and the Uniform Building Code requirements for 
determining seismic forces, and be performed, stamped and signed by a professional 
engineer registered in the State where project is located. Revise if necessary any details 
shown on the contract drawings for vertical support and lateral bracing, and submit for the 
approval of the Owner to meet the design criteria listed above. 

 
2.9 PIPE PENETRATIONS 

A. Install sleeves during construction for other than blocked out floor openings for risers in chases.  
B. To prevent accidental liquid spills from passing to a lower level, provide the following:  

1. For sleeves: Extend sleeve 25 mm (one inch) above finished floor and provide sealant for 
watertight joint.  

2. For blocked out floor openings: Provide 40 mm (1-1/2 inch) angle set in silicone adhesive around 
opening.  

3. For drilled penetrations: Provide 40 mm (1-1/2 inch) angle ring or square set in silicone adhesive 
around penetration.  

C. Penetrations are not allowed through beams or ribs, but may be installed in concrete beam flanges. 
Any deviation from this requirements must receive prior approval of Resident Engineer.  

D. Sheet Metal, Plastic, or Moisture-resistant Fiber Sleeves: Provide for pipe passing through floors, 
interior walls, and partitions, unless brass or steel pipe sleeves are specifically called for below. 

E. Cast Iron or Zinc Coated Pipe Sleeves: Provide for pipe passing through exterior walls below grade. 
Make space between sleeve and pipe watertight with a modular or link rubber seal. Seal shall be 
applied at both ends of sleeve.  

F. Galvanized Steel or an alternate Black Iron Pipe with asphalt coating Sleeves: Provide for pipe 
passing through concrete beam flanges, except where brass pipe sleeves are called for. Provide 
sleeve for pipe passing through floor of mechanical rooms and similar. Except in mechanical rooms, 
connect sleeve with floor plate.  

G. Brass Pipe Sleeves: Provide for pipe passing through quarry tile, terrazzo or ceramic tile floors. 
Connect sleeve with floor plate.  

H. Sleeves are not required for wall hydrants for fire department connections or in drywall construction.  
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I. Sleeve Clearance: Sleeve through floors, walls, partitions, and beam flanges shall be one inch 
greater in diameter than external diameter of pipe. Sleeve for pipe with insulation shall be large 
enough to accommodate the insulation. Interior openings shall be caulked tight with fire stopping 
material and sealant to prevent the spread of fire, smoke, and gases.  

J. Sealant and Adhesives: Shall be as specified in Section 07920, SEALANTS AND CAULKING. 
 

2.10 TOOLS AND LUBRICANTS  
A. Furnish, and turn over to the Owner special tools not readily available commercially, that are required 

for disassembly or adjustment of equipment and machinery furnished.  
B. Grease Guns with Attachments for Applicable Fittings: One for each type of grease required for each 

motor or other equipment.  
C. Tool Containers: Hardwood or metal, permanently identified for in tended service and mounted, or 

located, where directed by the Owner.  
D. Lubricants: A minimum of 0.95 L (one quart) of oil, and 0.45 kg (one pound) of grease, of equipment 

manufacturer's recommended grade and type, in unopened containers and properly identified as to 
use for each different application.  

 
2.11 WALL, FLOOR AND CEILING PLATES  

A. Material and Type: Chrome plated brass or chrome plated steel, one piece or split type with 
concealed hinge, with set screw for fastening to pipe, or sleeve. Use plates that fit tight around pipes, 
cover openings around pipes and cover the entire pipe sleeve projection.  

B. Thickness: Not less than 2.4 mm (3/32-inch) for floor plates. For wall and ceiling plates, not less 
than 0.64 mm (0.025-inch) for up to 80 mm (3-inch pipe), 0.89 mm (0.035-inch) for larger pipe.  

C. Locations: Use where pipe penetrates floors, walls and ceilings in exposed locations, in finished 
areas only. Use also where insulation ends on exposed water supply pipe drop from overhead. 
Provide a watertight joint in spaces where brass or steel pipe sleeves are specified.  

 
PART 3 - EXECUTION  
3.1 INSTALLATION  

A. Coordinate location of piping, sleeves, inserts, hangers, ductwork and equipment. Locate piping, 
sleeves, inserts, hangers, ductwork and equipment clear of windows, doors, openings, light outlets, 
and other services and utilities. Follow manufacturer's published recommendations for installation 
methods not otherwise specified.  

B. Protection and Cleaning:  
1. Equipment and materials shall be carefully handled, properly stored, and adequately protected 

to prevent damage before and during installation, in accordance with the manufacturer's 
recommendations and as approved by the Owner. Damaged or defective items in the opinion 
of the Owner, shall be replaced.  

2. Protect all finished parts of equipment, such as shafts and bearings where accessible, from rust 
prior to operation by means of protective grease coating and wrapping. Close pipe openings 
with caps or plugs during installation. Tightly cover and protect fixtures and equipment against 
dirt, water chemical, or mechanical injury. At completion of all work thoroughly clean fixtures, 
exposed materials and equipment.  

C. Concrete and Grout: Use concrete and shrink compensating grout 25 MPa (3000 psi) minimum, 
specified in Section 03300, CAST-IN-PLACE CONCRETE.  

D. Install gages, thermometers, valves and other devices with due regard for ease in reading or 
operating and maintaining said devices. Locate and position thermometers and gages to be easily 
read by operator or staff standing on floor or walkway provided. Servicing shall not require 
dismantling adjacent equipment or pipe work.  

E. Install steam piping expansion joints as per manufacturer’s recommendations. 
F. Work in Existing Building:  

1. Perform as specified in Article, OPERATIONS AND STORAGE AREAS, Article, 
ALTERATIONS, and Article, RESTORATION of the Section 01010, GENERAL 
REQUIREMENTS for relocation of existing equipment, alterations and restoration of existing 
building(s).  
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2. As specified in Section 01010, GENERAL REQUIREMENTS, Article, OPERATIONS AND 
STORAGE AREAS, make alterations to existing service piping at times that will least interfere 
with normal operation of the facility.  

3. Cut required openings through existing masonry and reinforced concrete using diamond core 
drills. Use of pneumatic hammer type drills, impact type electric drills, and hand or manual 
hammer type drills, will be permitted only with approval of the Owner. Locate openings that will 
least effect structural slabs, columns, ribs or beams. Refer to the Owner for determination of 
proper design for openings through structural sections and opening layouts approval, prior to 
cutting or drilling into structure. After Owner’s approval, carefully cut opening through 
construction no larger than absolutely necessary for the required installation.  

G. Exterior: Seal all pipe and duct penetrations with silicone sealant to prevent entrance of insects.  
H. Switchgear Drip Protection: Every effort shall be made to eliminate the installation of pipe above 

electrical and telephone switchgear. If this is not possible, encase pipe in a second pipe with a 
minimum of joints.  

I. Inaccessible Equipment: 
1. Where the Engineer / Owner determines that the Contractor has installed equipment not 

conveniently accessible for operation and maintenance, equipment shall be removed and 
reinstalled or remedial action performed as directed at no additional cost to the Owner. 

2. The term "conveniently accessible" is defined as capable of being reached without the use of 
ladders, or without climbing or crawling under or over obstacles such as motors, fans, pumps, 
belt guards, transformers, high voltage lines, piping, and ductwork. 

 
3.2 PIPE AND EQUIPMENT SUPPORTS  

A. Where hanger spacing does not correspond with joist or rib spacing, use structural steel channels 
secured directly to joist and rib structure that will correspond to the required hanger spacing, and 
then suspend the equipment and piping from the channels. Drill or burn holes in structural steel only 
with the prior approval of the Owner.  

B. Use of chain, wire or strap hangers; wood for blocking, stays and bracing; or, hangers suspended 
from piping above will not be permitted. Replace or thoroughly clean rusty products and paint with 
zinc primer.  

C. Use hanger rods that are straight and vertical. Turnbuckles for vertical adjustments may be omitted 
where limited space prevents use. Provide a minimum of 15 mm (1/2-inch) clearance between pipe 
or piping covering and adjacent work.  

D. HVAC Horizontal Pipe Support Spacing: Refer to MSS SP-69. Provide additional supports at valves, 
strainers, in-line pumps and other heavy components. Provide a support within one foot of each 
elbow.  

E. HVAC Vertical Pipe Supports:  
1. Up to 150 mm (6-inch pipe), 9 m (30 feet) long, bolt riser clamps to the pipe below couplings, or 

welded to the pipe and rests supports securely on the building structure.  
2. Vertical pipe larger than the foregoing, support on base elbows or tees, or substantial pipe legs 

extending to the building structure.  
F. Plumbing horizontal and vertical pipe supports, refer to the State Plumbing Code.  

 
3.3 MOTOR AND DRIVE ALIGNMENT  

A. Belt Drive: Set driving and driven shafts parallel and align so that the corresponding grooves are in 
the same plane.  

B. Direct-connect Drive: Securely mount motor in accurate alignment so that shafts are free from both 
angular and parallel misalignment when both motor and driven machine are operating at normal 
temperatures.  

 
3.4 LUBRICATION  

 Field check and lubricate equipment requiring lubrication prior to initial operation.  
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3.5 STARTUP AND TEMPORARY OPERATION  

 Start up equipment as described in equipment specifications. Verify that vibration is within specified 
tolerance prior to extended operation. Temporary use of equipment is specified in Section 01010, 
GENERAL REQUIREMENTS, Article, TEMPORARY USE OF MECHANICAL AND ELECTRICAL 
EQUIPMENT.  

 
3.6 OPERATING AND PERFORMANCE TESTS  

A. Prior to the final inspection, perform required tests as specified in Section 01010, GENERAL 
REQUIREMENTS, Article, TESTS and submit the test reports and records to the Owner.  

B. Should evidence of malfunction in any tested system, or piece of equipment or component part 
thereof, occur during or as a result of tests, make proper corrections, repairs or replacements, and 
repeat tests at no additional cost to the Owner.  

C. When completion of certain work or system occurs at a time when final control settings and 
adjustments cannot be properly made to make performance tests, then make performance tests for 
heating systems and for cooling systems respectively during first actual seasonal use of respective 
systems following completion of work. 

 
END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
PART I:  GENERAL 
 
A. Design channel support systems for piping to support multiple pipes capable of supporting combined 

weight of supported systems, system contents, and test water. 
 
B. Submittals: Provide Product Data for each type of pipe hanger, channel support system component, 

and thermal-hanger shield insert indicated. 
 
 
PART II:  PRODUCTS 
 
A. Pipe Hangers, Supports, and Components: MSS SP-58, factory fabricated components. 
 

1. Galvanized, Metallic Coatings: For piping and equipment that will not have field-applied finish. 
2. Nonmetallic Coatings: On attachments for electrolytic protection where attachments are in direct 

contact with copper tubing. 
 
B. Channel Support Systems: MFMA-2, factory-fabricated components for field assembly. 
 

1. Coatings: Manufacturer's standard finish, unless bare metal surfaces are indicated. 
2. Nonmetallic Coatings: On attachments for electrolytic protection where attachments are in direct 

contact with copper tubing. 
 
C. Thermal-Hanger Shield Inserts: 100-psi (690-kPa) minimum compressive strength insulation, encased 

in sheet metal shield. 
 

1. Material for Cold Piping: ASTM C 552, Type I cellular glass or water-repellant-treated, ASTM C 
533, Type I calcium silicate with vapor barrier. 

2. Material for Hot Piping: ASTM C 552, Type I cellular glass or water-repellent-treated, ASTM C 533, 
Type I calcium silicate. 

3. For Clevis or Band Hanger Insert and shield cover lower 180 degrees of pipe. 
4. Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below 

ambient air temperature. 
 
D. Mechanical-Anchor Fasteners: Insert-type attachments with pull-out and shear capacities appropriate 

for supported loads and building materials where used. 
 
E. Structural Steel: ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized. 
 
F. Grout ASTM C 1107, Grade B, factory-mixed and -packaged, non-shrink and nonmetallic, dry, 

hydraulic-cement grout. 
 

1. Characteristics: Post hardening and volume adjusting; recommended for both interior and exterior 
applications. 

2. Properties: Non-staining, non-corrosive, and non-gaseous. 
 
 
PART III:  EXECUTION 
 
A. Specific hanger requirements are specified in Sections specifying equipment and systems. 
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B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping 
system Specification Sections. 

 
C. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping 

system Specification Sections, install the following types: 
 

1. Adjustable Steel Clevis Hangers (MSS Type 1): For suspension of non-insulated or insulated 
stationary pipes, NPS 1/2 to NPS 30 (DN15 to DN750). 

2. -Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of pipes, NPS 
3/4 to NPS 24 (DN20 to DN600), requiring clamp flexibility and up to 4 inches (100 mm) of 
insulation. 

3. Adjustable Steel Band Hangers (MSS Type 7): For suspension of non-insulated stationary pipes, 
NPS 1/2 to NPS 8 (DN15 to DN200). 

4. U-Bolts (MSS Type 24): For support of heavy pipe, NPS 1/2 to NPS 30 (DN15 to DN750). 
 
D. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 
 

1. Steel Tumbuckles (MSS Type 13): For adjustment up to 6 inches (150 mm) for heavy loads. 
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F (49 to 232 deg C) piping installations. 

 
E. Building Attachments: Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 
 

1 . Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist construction to 
attach to top flange of structural shape. 

2. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams, 
channels, or angles. 

3. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams. 
4. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are 

considerable and rod sizes are large. 
5. C-Clamps (MSS Type 23): For structural shapes. 
6. Welded-Steel Brackets: For support of pipes from below or for suspending from above by using 

clip and rod.  Use one of the following for indicated loads: 
a. Light (MSS Type 31): 750 lb. (340 kg). 
b. Medium (MSS Type 32):1500 lb. (675 kg). 
c. Heavy (MSS Type 33): 3000 lb. (1 350 kg). 

7. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 
8. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required. 

 
F. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 
 

1 . Steel Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with insulation that 
matches adjoining insulation. 

2. Protection Shields (MSS Type 40): Of length recommended by manufacturer to prevent crushing 
insulation. 

 
G. Pipe Hanger and Support Installation: Comply with MSS SP-69 and MSS SP-89.  Install hangers, 

supports, clamps, and attachments as required to properly support piping from building structure. 
 
H. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other 

accessories. 
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1. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to 
permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, 
expansion loops, expansion bends, and similar units. 

 
J. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from 

movement will not be transmitted to connected equipment. 
 
K. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and so maximum pipe 

deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded. 
 
L. Insulated Piping: Comply with the following: 
 

1 Attach clamps and spacers to piping. 
a. Piping Operating above Ambient Air Temperature: Clamp may project through insulation. 
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield insert with clamp 

sized to match OD of insert. 
c. Do not exceed pipe stress limits according to ASME B31.9. 

2. Install MSS SP-58, Type 39 protection saddles, if insulation without vapor barrier is indicated.  
Fill interior voids with insulation that matches adjoining insulation. 

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier.  Shields shall 
span arc of 180 degrees. 

4. 'Shield Dimensions for Pipe: Not less than the following: 
a. NPS 1/4 to NPS 3-1/2 (DN8 to DN90):12 inches (305 mm) long and 0.048 inch (1.22 mm) thick. 
5. Insert Material: Length at least as long as protective shield. 
6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation. 

 
M. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes and equipment 

supports.  Fit exposed connections together to form hairline joints.  Field-weld connections that cannot 
be shop-welded because of shipping size limitations.  Comply with AWS Dl.1 procedures for shielded 
metal arc welding, appearance and quality of welds, and methods used in correcting welding work, 
and with the following: 

 
1 Use materials and methods that minimize distortion and develop strength and corrosion resistance 

of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and contours of 

welded surfaces match adjacent contours. 
 
N. Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe. 
 
O. Touching Up: Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 

after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with 
SSPC-PA 1 requirements for touching up field-painted surfaces.  Apply paint by brush or spray to 
provide a minimum dry film thickness of 2.0 mils (0.05 mm). 

 
P. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-

repair paint to comply with ASTM A 780. 
 
Q.   Install all hangers and supports prior to application of fire-proofing by GC.  Any fire-proofing damaged 

by this Contractor shall be repaired by this Contractor.  
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 

 
PART I:  GENERAL 
 
A. Submittals: Submit Product Data for each item in this Article according to the Conditions of the 
Contract and Division 1 Specification Sections. 

 
 
PART II:  PRODUCTS 
 
A. Pressure and Temperature Ratings: As required to suit system pressures and temperatures. 
 
B. Sizes: Same size as upstream pipe, unless otherwise indicated. 
 
C. Operators: Use specified operators and handwheels, except provide the following special 
operator features: 
 
1. Handwheels: For valves other than quarter turn. 
2. Lever Handles: For quarter-turn valves 6 inches (DN 1 50) and smaller, except for plug valves, 
which shall have square heads.  Furnish Owner with 1 wrench for every 1 0 plug valves. 
 
D. Threads: ASME Bl.20.1. 
 
E. Flanges: ASME B16.1 for cast iron, ASME B16.5 for steel, and ASME B16.24 for bronze valves. 
 
F. Solder Joint: ASME B16.18. Where soldered end connections are used, use solder having a 
melting point below 840 deg F (450 deg C) for gate, globe, and check valves; below 421 deg F (216 deg 
C) for ball valves. 
 
G. Gate Valves, 2-1/2 Inches (DN65) and Smaller: MSS SP-80; Class 125, 200-psi (1380-kPa) cold 
working pressure (CWP), or Class 150, 300-psi (2070-kPa) CWP; ASTM B 62 cast-bronze body and 
bonnet, solid-bronze wedge, copper-silicon alloy rising stem, teflon-impregnated packing with bronze 
packing nut, threaded or soldered end connections; and with aluminum or malleable-iron handwheel. 
 
H. Ball Valves, 4 Inches (DN 1 00) and Smaller: MSS SP-1 1 0, Class 150, 600-psi (4140-kPa) 
CWP, ASTM B 584 bronze body and bonnet, 2-piece construction; chrome-plated brass ball, standard 
port for 1/2-inch (DN15) valves and smaller and conventional port for 3/4-inch (DN20) valves and larger; 
blowout proof; bronze or brass stem; teflon seats and seals; threaded or soldered end connections: 
 
1. Operator: Vinyl-covered steel lever handle with hole for valve tag chains. 
2. Stem Extension: For valves installed in insulated piping. 
3. Memory Stop: For operator handles. 
 
I. Globe Valves, 2-1/2 Inches (DN65) and Smaller: MSS SP-80; Class 125, 200-psi (1 380-kPa) 
CWP, or Class 150, 300-psi (2070-kPa) CWP; ASTM B 62 cast-bronze body and screwed bonnet, 
rubber, bronze, or teflon disc, silicon bronze-alloy stem, teflon-impregnated packing with bronze nut, 
threaded or soldered end connections; and with aluminum or malleable-iron handwheel. 
 
J. Globe Valves, 3 Inches (DN80) and Larger: MSS SP-85, Class 125, 200psi (1 380-kPa) CWP, 
ASTM A 126 cast-iron body and bolted bonnet with bronze fittings, renewable bronze seat and disc, 
brass-alloy stem, outside screw and yoke, teflon-impregnated packing with cast-iron follower, flanged 
end connections; and with cast-iron handwheel. 
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PART III:  EXECUTION 
 
A. Install valves as indicated, according to manufacturers written instructions. 
 
B. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
the general arrangement of piping, fittings, and specialties. 
 
C. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, 
maintenance, and equipment removal without system shutdown. 
 
D. Locate valves for easy access and provide separate support where necessary. 
 
E. Install valves in horizontal piping with stem at or above the center of the pipe. 
 
F. Install valves in a position to allow full stem movement. 
 
G. Installation of Check Valves: Install for proper direction of flow.  Install in a horizontal position 
with hinge pin level. 
 
H. Select valves with the following ends or types of pipe/tube connections: 
 
1. Copper Tube Size, 2-1/2 Inches (DN65) and Smaller Solder ends, except provide threaded ends 
for heating hot water and low-pressure steam service. 
 
I. General Application: Use gate, ball, and butterfly valves for shutoff duty; globe, ball, and butterfly 
for throttling duty.  Refer to piping system Specification Sections for specific valve applications and 
arrangements. 
 
J. Domestic Water Systems Applications: Use the following valve types: 
 
1 . Gate Valves: Class 125, bronze or cast-iron body to suit piping system. 
2. Ball Valves: Class 150, 600-psi (4140-kPa) CWP, with stem extension. 
3. Plug Valves: Neoprene-faced plug, Buna N packing. 
4. Globe Valves: Class 125, bronze or cast-iron body to suit piping system, and bronze or teflon 
disc. 
5. Butterfly Valves: Nickel-plated ductile iron, aluminum bronze, or elastomer-coated ductile iron 
disc; EPDM or Buna N sleeve and stem seals. 

 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
EXCAVATING AND BACKFILLING FOR MECHANICAL WORK: 
 
Refer to specification sections 02210  - Trenching and Backfilling for Utilities and 02220 - Earthwork  
 
In general, DO NOT excavate for mechanical work until work is ready to proceed without delay to maintain 
minimum time lapse from excavation to completion of backfilling.   Excavate with vertical sided excavations 
to greatest extent possible providing sheeting and cross-bracing to sustain sides where necessary.  All 
shoring and sheeting required to protect the excavation shall be constructed and maintained in strict 
accordance with all applicable State and Federal Regulations. 
 
Excavate trench for piping to uniform width with 18" minimum clearance both sides of piping providing 
adequate working room.  Correct over-excavation by means of backfilling with concrete, or tamped and 
compacted backfill material approved for other backfilling work.  All excavated materials not suitable or 
required for backfill shall be removed as directed or required in a lawful manner. 
 
Whenever wet or otherwise unstable soil that is incapable of adequately supporting pipe is encountered in 
trench bottoms, remove such material to depth required and replace to the proper grade with selected 
material compacted as hereinafter specified for backfilling of pipe.  Provide unit prices on Form of Proposal. 
 
Support pipe directly on undisturbed soil.  Do not excavate beyond required or indicated depth, and hand-
excavate bottom cut to accurate elevations.  Do not backfill until installed mechanical work has been tested 
and accepted.  Provide 6" wide utility warning tape with magnetic detection 6 to 8" below finish grade during 
backfill operation over all piping exterior to building. 
 
Conditions backfill material by either drying or adding water uniformly, necessary to facilitate compaction to 
required densities.  Do not backfill with frozen soil materials.  Backfill simultaneously on opposite sides of 
mechanical work and compact simultaneously without dislocating work from installed positions.  Continue 
backfilling in 8" layers, uniformly compacted to 85% density for cohesive soils, 90% for cohesionless soils 
(90% for cohesive, 95% for cohesionless soils under paved surfaces) using power-driven hand-operated 
compaction equipment.  Correct improperly backfill that has settled. 
 
All paving and concrete removed or cut, shall be replaced or patched to satisfaction of Architect. 
 
All landscaping (trees, shrubbery, grass, etc.) removed or damaged, shall be replaced to satisfaction of 
Architect. 
 
Existing utility lines (gas, electric, communications, sewer, water, etc.) shall be protected from damage during 
excavation and backfilling, and, if damaged, shall be repaired by the Contractor at his expense.  In the event 
that the Contractor damages any existing utility lines, he shall report thereof immediately. If it is determined 
that repairs shall be made by the Contractor, such repairs shall be ordered under terms of other sections of 
these specifications. 

 
END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
PART I - GENERAL 
 
SCOPE: 
 
This Section includes basic requirements for motors.  It includes motors that are factory-installed as part of 
equipment and appliances as well as field-installed motors. 
 
QUALITY ASSURANCE: 
 

1.  Comply with NFPA 70, “National Electrical Code. 
2.  Comply with NEMA MG-1, “Motors and Generators”. 
3.  Comply with UL 1004, “Motors, Electric”. 
4.  Comply with NCSBC, Volume X, Chapter 4, Section 401.2, “Electric Motors”. 

 
PART II - PRODUCTS 
 
A.  MOTORS, GENERAL 
 

1.  General:  Requirements below apply to motors covered by this Section except as otherwise indicated. 
 
2.  Motors 1 hp and larger:  Polyphase. 
 
3.  Motors Smaller Than ¾” hp and less: Single-phase. 
 
4.  Frequency Rating:  60 Hz. 
 
5.  Voltage Rating:  Determined by voltage of circuit to which motor is connected for the following motor 

voltage ratings (utilization voltages): 
 

a.  120V Circuit:  115V - motor rating. 
b.  208V Circuit:  200V - motor rating. 
c.  480V Circuit:  460V - motor rating. 

 
6.  Service factors indicated for motors are minimum valves and apply at frequency and utilization 

voltage at which motor is connected.  Provide motors which will not operate in service factor range 
when supply voltage is within 10 percent of motor voltage rating. 

 
7.  Capacity:  Sufficient to start and operate connected loads at designated speeds in indicated 

environment, and with indicated operating sequence, without exceeding nameplate ratings.  Provide 
motors rated for continuous duty at 100 percent of rated capacity. 

 
8.  Temperature Rise:  Based on 40 deg C ambient except as otherwise indicated. 
 
9.  Enclosure:  Open dripproof. 
 
10.  Minimum full-load efficiency per tables 401.2.1 a & b of NCSBC Volume X Energy Code. 

 
B.  POLYPHASE MOTORS 
 

1.  General:  Squirrel-cage induction-type conforming to the following requirements except as otherwise 
indicated. 
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2.  NEMA Design Letter Designation: “b”. 
3.  Internal Thermal Overload protection For Motors:  For motors so indicated, protection automatically 

opens control circuit arranged for external connection.  Protection operates when winding 
temperature exceeds safe value calibrated to the temperature rating of the motor insulation. 

4.  Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust loading of the 
application. 

5.  Rugged Duty Motors:  Totally enclosed with 1.25 minimum service factor.  Provide motors with 
regreasable bearings and equipped with capped relief vents.  Insulate windings with nonhygroscopic 
material.  External finish shall be chemical resistant paint over corrosion resistant primer.  Provide 
integral condensate drains. 

 
C.  SINGLE-PHASE MOTORS 

 
1.  General:  Conform to the following requirements except as otherwise indicated. 
2.  Energy Efficient Motors:  One of the following types as selected to suit the starting torque and other 

requirements of the specific motor application. 
 
a.  Permanent Split Capacitor. 
b.  Split-Phase Start, Capacitor-Run. 
c.  Capacitor-Start, Capacitor-Run. 
 

3.  Shaded-Pole Motors:  Use only for motors smaller than 1/20 hp. 
 
4.  Internal Thermal Overload Protection for Motors:  For motors so indicated, protection automatically 

opens the power supply circuit to the motor, or a control circuit arranged for external connection.  
Protection operates when winding temperature exceeds a safe value calibrated to the temperature 
returns to normal range except as otherwise indicated. 

 
5.  Bearings, belt connected motors and other motors with high radial forces on motor shaft shall be ball 

bearing type.  Sealed, prelubricated sleeve bearings may be used for other single phase motors. 
 

PART III - EXECUTION 
 
INSTALLATION: 
 
Install motors in accordance with manufacturer’s published instruction. 
 
PART IV - COMMISSIONING 
 
1.  Check operating motors, both factory and field-installed, for unusual conditions during normal operation.  

Coordinate with the commissioning of the equipment for which the motor is a part. 
 
2.  Report unusual conditions. 
 
3.  Correct deficiencies of field-installed units. 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
PART 1 - GENERAL 

 
DESCRIPTION OF WORK:   
 
This section contains the requirements relating to the materials and methods used to identify items 
described in Division 15. 

 
PART 2 - PRODUCTS   
 

 ENGRAVED PLASTIC-LAMINATE SIGNS: 
 

Provide engraving stock melamine plastic laminate, in the sizes and thickness indicated, engraved with 
engraver's standard letter style of the sizes and wording indicated, punched for mechanical fastening except 
where adhesive mounting is necessary because of substrate. Plastic laminate thickness shall be 1/16" for 
units up to 20 square inches or 8" length; 1/8" for larger units.  Provide self-tapping stainless steel screws. 
 
PART 3 - EXECUTION 

 
INSTALLATION REQUIREMENTS: 

 
 A. COORDINATION:   
 
  Coordinate new labeling with existing labeling through Project Manager.  Where 

identification is to be applied to surfaces that require insulation, painting or other covering 
or finish, including valve tags in finished mechanical spaces, identification shall be installed 
after completion of covering and painting.  Identification is to be installed prior to installation 
of acoustical ceilings and similar removable concealment. 

 
 B. DUCTWORK IDENTIFICATION: 
 
  1. General:  Provide for identification of air supply, return, exhaust, intake, and relief 

ductwork with stenciled signs and arrows, showing ductwork service and direction 
of flow, in black and white. 

 
2. Locations:  Ductwork shall be identified every 20’ in spaces with removable ceilings 

and at each access door in spaces with hard ceilings. Exposed ductwork shall be 
identified every 20’ in mechanical rooms.  As described above, ductwork shall be 
labeled on both sides of floor and wall penetrations.   

  
 C. MECHANICAL EQUIPMENT IDENTIFICATION:   
 
  Provide for engraved plastic laminate sign on or near each major item of mechanical 

equipment and each operational device.  Provide signs for the following general categories 
of equipment and operational devices: 

 
1. Main control and operating valves, including safety devices. 
 

  2. Air conditioning indoor and outdoor units. 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
GENERAL: 
 
Furnish and install complete building potable water supply system from connection provided by Sitework 
Contractor unless indicated otherwise on the drawings.  Include utility tap fee allowance specified Section 
01056-1 in bid. 
 
WATER SERVICE PIPING: 
 
Water service piping 4" and larger from utility main tap to point designated on drawings outside building shall 
be AWWA Standard C-900 PVC.  The pipe joints shall be integral bell type with elastomeric gaskets.  The pipe 
shall be pressure rated for 150 psi with dimension ration of 18 between wall thickness and bell.  Pipe shall be 
supplied in 20 ft. lengths. 
 
Water service piping 3" and less outside building shall be IPS rated SDR 21 PVC water pipe conforming to 
material requirements of ASTM D-2241 in accordance with ASTM D-1781.    
 
BUILDING WATER SUPPLY PIPING AND FITTINGS:  
 
BELOW GRADE: 
 
Building water main buried in earth and/or under concrete slab, where indicated on the plans, shall be 
seamless type K soft annealed copper tubing, ASTM B-88, with wrought copper ASA B-16.22 fittings and silver 
type solder brazed joints.   
 
Unless indicated otherwise in the drawings, contractor is responsible for water meter and utility tap fees.  
Coordinate building ground to copper pipe with Electrical Contractor as required.  Refer to Section 15150 for 
excavating and backfilling. 
 
ABOVE GRADE: 
 
Water piping above ground shall be seamless type K hard drawn copper tubing, ASTM B-88, with wrought 
copper ASA B-16.22 fittings, and 95/5 soldered joints (lead-free solder).   
 
EXPOSED WATER PIPING: 
 
All exposed water piping to plumbing fixtures, especially in Kitchen areas, shall be IPS chrome-plated yellow 
brass pipe with polished chrome-plated 125-pound screwed brass fittings, except piping noted to be run 
exposed in mechanical or utility areas.  Any joints leaking shall be reconstructed with new materials.  Flexible 
pipe or hose is not acceptable for final connection to any fixture on this project. 
 
PIPING INSTALLATION: 
 
Water piping in building and above grade shall be accurately cut to measurements established at the site, 
worked into place without springing or forcing, and shall satisfactorily clear all window, door, and other 
openings and obstructions.  Excessive cutting or other weakening of the structure to facilitate piping installation 
will not be permitted.  Sleeves shall be provided for pipe penetrating floors, walls, and roofs.  Access doors 
and panels shall be provided as specified. 
 
Piping shall generally run level with all changes in direction made with fittings.  Branch connections shall be 
made with fittings.  Branch lines may be taken off top of main, bottom of main, or side of main using such 
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crossover fittings as may be required by structural or installation conditions.  All service pipe, valves, and 
fittings shall be kept a sufficient distance from other work to permit finished covering not less than ½” from 
such other work and not less than ½” between finished covering on the different service. 
 
No water piping shall be buried in floors unless specifically indicated on drawings or approved; when buried, 
pipe shall be corrosion and mechanically protected.  Eccentric reducers with top level shall be provided where 
changes in size are made. 
 
Soldered joints shall be made up with 95-5 (tin-antimony) solder (for piping 1-1/2” and less; joints for tubing 
larger than 1-1/2” shall be silver brazed with “Sil-fos,” “Easyflo” or “Phos-copper”).  Surfaces to be joined shall 
be thoroughly cleaned with steel wool and paste type flux shall be applied evenly to fitting and tube.  Tubing 
shall be inserted to shoulder in fitting and heat applied evenly to fitting until solder starts to flow into socket by 
capillary action.  Excess solder starts to flow into socket by capillary action.  Excess solder shall be wiped off 
before joint cools.  All joints between dissimilar materials shall be provided with insulated fittings.  All piping 
showing leaks on test shall be taken down and the joints shall be remade.  
 
Connections between ferrous and nonferrous metallic pipe shall be made with dielectric unions or flanges 
having metal parts separated to prevent current flow between dissimilar metals. 
 
Piping shall have burrs removed and shall be rattled and cleaned of loose dirt and scale before erection.  Open 
ends of piping and equipment connections shall be plugged or capped during erection.  Temporary strainers 
shall be provided in systems and removed after flushing operation is performed.  Low points of the systems 
shall be provided with hose end adapters for draining systems.   
 
The Plumbing Contractor shall have a journeyman present at all times while General Contractor is either 
pouring concrete or constructing masonry walls to insure proper installation of work in this Contract.  
 
VALVES: 
 
Valves shall be provided at risers and main branches at point of takeoff from their supply or return mains, at 
inlets and outlets of individual equipment units, and where indicated and/or specified.  Valves shall not be 
installed with stem below the horizontal.  Install shut-off valves on all hot and cold water branches serving 
more than one fixture. 
 
Ball valves shall be used in piping up through 2".  Acceptable ball valve manufacturers are Apollo (No. 70-
200), Watts (No. B-6001), Nibco (No. S580), and Grinnell.  Ball valves shall have brass or bronze body and 
ball, lever handle, teflon seats and seal, and rated up to 200 psig at 250°F. 
 
Gate or Butterfly valves shall be used in piping 2-1/2" and larger.  Acceptable valve manufacturers are Grinnell, 
Jenkins and Hammond.  Gate valves submitted for approval shall comply with MSS Standard SP-80 for bronze 
valves.     
 
UNIONS: 
 
Unions shall be bronze 150 lb. type for copper pipe applications manufactured by Mueller, Crane, Northern 
Indiana Brass, or approved equivalent.  Unions shall be installed at each valve and at frequent intervals in 
each main run of pipe to facilitate removal and repair of pipe, fixtures and appurtenances.  
 
WATER HAMMER ARRESTORS: 
 
The flow velocity of the water distribution system shall be controlled to reduce the possibility of water hammer.  
A water hammer arrestor shall be installed where quick-closing valves are utilized and where indicated on the 
drawings.  The arrestor shall be located within an effective range of the quick-closing valve.  Water hammer 
arrestors shall conform to AWWA, ASME A112.26.1 or ASSE 1010 listed in chapter 19. Access shall be 
provided to water hammer arrestors.  Approved manufacturers are Watts, Smith, and Zurn. 
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PIPE SLEEVES:  
 
Install pipe sleeves and properly secure in place at all points where pipes pass through floors, walls, or ceilings. 
Pipe sleeves shall be of sufficient diameter to provide approximately 1/4 inch clearance around insulation.  
Pipe sleeves in walls, floors, and partitions shall be Schedule 40 black steel . Caulk annular space between 
pipes and insulation and sleeves, both sides, with an elastic fire-resistant compound.  
 
PIPE HANGERS AND SUPPORTS (see also Section 15060): 
 
Pipe hangers and supports shall be of a size to support water filled piping with a safety factor of 5 based on  
hanger or support ultimate tensile strength.  Hangers and supports shall be manufactured by PHD, Grinnell, 
B-Line Systems, or Pipe Shields, Inc.  Size hangers for all insulated piping to fit over insulation with an 
acceptable clearance.   
 
Hangers for hot water piping shall be equal to Grinnell Fig. 181.  Vertical pipes shall be supported by wall 
brackets equal to Grinnell Fig. 261.  Piping hanger and support installation shall allow for uniform expansion 
and contraction at all times. Provide 8" long 16 gauge sheet metal saddles extending 120° around bottom of 
insulated pipe. 
 
PIPE INSULATION: 
 
Insulate all hot and cold water piping.  Insulation shall be a jacketed glass fiber pipe covering, 1” thick for pipe 
sizes 2” & less, 1½" thick for pipes 2½” & above, with flame resistant vapor barrier jacket meeting ASTM E84 
and UL 723.   Insulation shall be Knauf 850 or equal by Owens-Corning or Schuller.  Provide PVC pre-formed 
jacket covers over insulated fittings such as elbows, tees, valves, etc. and over all domestic water piping in 
boiler room. 
 
INSULATION INSTALLATION: 
 
Install insulation per manufacturer’s recommendations.  All insulation shall be installed in a workmanlike 
manner by qualified workers in the regular employ of the Contractor.  
 
All insulation shall be applied to clean, dry surfaces butting all sections firmly together and finishing as specified 
hereinafter. All vapor barriers shall be sealed, and shall be continuous throughout.  No staples shall be used 
on any vapor barrier jacket.  All vapor barriers shall be of the fire retardant type.  
 
Insulation of all insulated lines shall be interpreted as including all pipe, valves, fittings, and specialties 
comprising the lines, except flanged unions and screwed unions on hot piping.  Insulation over fittings  shall 
be of equal thickness as the adjoining pipe insulation . Unless otherwise specified or directed, insulation for 
fittings and flanges shall be of the permanent type.  
 
Support of pipe shall be on the outside of the insulation. The insulation at each support shall be rigid and of 
an equal thickness and finish as the adjoining pipe insulation; the length to coincide with the saddles.  
 
CLEANING: 
 
All surfaces on metal, pipe, insulation covered surfaces, and other equipment furnished and installed under 
this section of the specifications shall be thoroughly cleaned of grease, scale, dirt and other foreign materials, 
and new equipment shall have a coat of first-class primer.  
 
CHLORINATION: 
 
Before Owner occupies building, all  water piping installed under this section including shall be  sterilized 
with chlorine.   This shall be accomplished by the introduction of a chlorinating material into the lines in such 
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quantity that the water in the lines shall contain not less than 50 parts per million of available chlorine. The 
chlorinating material shall be either liquid chlorine or sodium hypochlorite solution, and shall be introduced 
into the system in an approved manner. The sterilizing solution shall be allowed to remain in the system for 
a period of two hours during which time all valves and faucets shall be opened and closed several times. 
After sterilization, solution shall be flushed from the system with clear water until no residual chlorine 
remains, after which a sample shall be collected for bacterial analysis.  
 
The entire sterilization procedure shall be in strict accordance with the requirements of the State Board of 
Health and, upon completion of the sterilization, the potability of the water in the system shall be checked 
and approved by the County Health Department.    
 
Prior to final Payment Application, provide Engineer two copies of the Bacteriological Analysis Report for 
water samples taken at source and at a general tap and tested for coliform and chlorine residuals. 
 
PRESSURE TESTING: 
 
Test all piping and connections installed under this contract.  Do testing prior to painting, backfilling, 
insulating or concealment within building construction.  Trenches may be backfilled prior to pressure tests, 
but not before work has been visually inspected by the Owner.  If pressure tests indicate leaks in piping, it 
shall be the Contractor's responsibility to determine location of leaks, excavate as required, repair leaks, 
and backfill at his expense. 
 
Perform each test as specified hereinafter and continue or repeat until the lines under test are proven tight 
to the satisfaction of the Owner.  Furnish all materials, pumps, gauges, plugs, etc., required for tests.  Notify 
the Engineer in advance of tests so he may witness same. 
 
Sections of the system may be tested separately, but when so tested, any defect which may develop in a 
section already tested and accepted shall be corrected and that section re-tested.  Devices or equipment 
which may be harmed by test pressures shall be removed or protected during tests.  After testing, test 
systems for complete drain-ability by draining all water from piping using permanent caps, plugs, drain 
valves, etc.  Test building water piping at 125 psig for a minimum of 4 hours before it is witnessed by 
Engineer, then for an additional 24 hours.  Water test all exterior water mains at 125 psig.   
 
ACCESS PANELS AND ENCLOSURES: 
 
Provide access panels and / or enclosures at all locations required to service inaccessible valves, hair 
interceptors, filters, cleanouts, etc.  Access panels in finished spaces shall be stainless steel.  Acceptable 
manufacturers include Karp, Elmdor or approved equal. 
 
HEAT TRACING: 
 
Furnish and install UL approved self-regulating heat tracing cable for freeze protection of all water piping 
outside insulation envelope including backflow preventer systems.  The heat trace cable shall consist of two 
(2) 16 AWG nickel plated copper bus wires embedded parallel  in a self-regulating polymer core that varies 
its power output in response to temperature along its entire length.  The heat trace jacket shall be a radiation 
cross linked polyoelefin dielectric rated at 300 VAC at 105°F with a VW-1 flame resistance and shall have a 
outer braid of tinned copper for a ground path. 
 
Heat trace shall be installed in strict accordance with manufacturer’s instructions after pressure testing and 
immediately before pipe insulation.  The heat trace shall be resistance tested by a licensed Electrician at the 
expense of the Plumbing Contractor.  Trace system shall be connected to GFCI protected power by the 
Electrical Contractor, at the expense of the Plumbing Contractor. 
 
Domestic water heat trace cable shall be Model HSX-A-120V manufactured by Thermon or equal by 
RayChem. 
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PIPE AND VALVE IDENTIFICATION: 
 
Furnish and install flexible, permanent, color-coded, plastic-sheet pipe markers that comply with ANSI A13.1  
on all exposed piping (including piping above lay-in ceiling) not to exceed 10' o.c., equal to Seton SetMark 
pipe markers. 
 
Furnish and install brass valve tags with 1/4" high letters identifying operation / maintenance of piping 
system, equal to Seton No. M4506.  
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
GENERAL:  
 
Furnish and install a complete sanitary drain, waste and vent system as shown on the drawings and as specified 
herein. 
 
No waste or vent piping buried below slab shall be smaller than 2".  Make any change in flow direction or grade 
gradually with proper curbed fittings.  Make all junctions with wye branches or wye and eighth bend.  Sanitary 
tees may be used for vertical junctions.  Size pipe per drawings. 
 
Keep piping clean during construction.  Seal all clean-outs and fixture connections.  Remove all earth or foreign 
matter.  Bed, fill and compact all line trenches according to Section 15150 or as detailed on the plans to prevent 
strain on joints, damage or settling. 
 
Set all water closet fittings, floor drains, clean-outs, etc., carefully, using a spirit level.  Confirm final floor 
elevations.  The Plumbing Contractor shall have a journeyman present at all times while General Contractor is 
pouring concrete to insure proper installation of work in this Contract. 
 
Install all piping with 1/4" per foot slope wherever possible but with minimum slopes as follows:  3" and less - 
1/4" per foot;  4" and larger - 1/8" per foot. 
 
DRAIN, WASTE AND VENT PIPING BELOW SLAB: 
 
Construct all building sewers and building drain lines below floor slabs and outside of building walls, unless 
indicated otherwise on the drawings, with Schedule 40 PVC-DWV Pipe, ASTM D-2665,  marked to indicate that 
it complies with this standard.  Pipe shall be manufactured by Charlotte Pipe and Foundry or equivalent. All 
installations shall conform to installation instructions of the Plastic Pipe Institute, manufacturer, and/ or local 
ordinances.  In all cases, approved cleaner, primer and solvent cement designated for the specified material 
shall be used.   
 
DRAIN, WASTE AND VENT PIPING ABOVE FLOOR SLAB: 
 
All waste and vent piping above the floor slab shall be Schedule 40 PVC-DWV in accordance with Commercial 
Standards CS272-65, or CS270-65, or ASTM Standards D2665-68 or D2661-67.  All plastic pipe and fittings 
shall bear the NSF Seal of Approval, and such other markings as required by the aforementioned standards.  
Fittings shall be molded, fully recessed, socket type designed for solvent welded joints.  All plastic piping shall 
be installed and joined in strict accordance with the pipe manufacturer's instructions.  Plastic waste and vent 
pipe shall not be used in any return air plenum unless it is fully encased in a fireproof covering or as required by 
any code. 
 
DRAIN AND WASTE PIPING BELOW SLAB IN KITCHEN: 
 
Drain and waste piping under slab in kitchen areas that is subject to water temperatures above 120F (Dishwasher 
Discharge, 3 Compartment Sink Discharge, Steam Equipment Discharge, Tilt Skillet drain, etc.) shall be Hub & 
Spigot cast iron pipe for a minimum of 30 feet before transitioning to PVC. 
 
DRAIN AND WASTE PIPING EXPOSED IN KITCHEN: 
 
Drain and waste piping exposed under kitchen sinks, dishwashers, etc. shall be 2” brushed finish stainless steel 
pipe. Support from equipment or floor with stainless supports per manufacturer written instructions. 
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TRAPS: 
 
Provide each fixture with a trap when connection to drainage system is required. Place each trap as near to 
fixture as possible.  No fixture shall be double trapped.  
 
PIPE STORAGE: 
 
If possible, pipe should be stored inside.  Otherwise, store pipe on dry, level ground free from sharp objects.  
Protect stored pipe from ultraviolet exposure as required.  Refer to manufacturer’s recommendations for rack or 
pallet storage and freezing temperatures.   
 
PIPE HANGERS AND SUPPORTS: 
 
Support Schedule 40 PVC- DWV pipe with carbon steel adjustable clevis-type hangers, 5’ o.c. with 3/8” threaded 
rod.  Chain, strap, perforated bar, or wire hangers will not be permitted.  Where required, provide suitable 
concrete inserts in masonry or concrete during laying or placing of those materials.  Acceptable manufacturers 
are B-line, PHD, Gulf State Hangers, and Grinnell. 
 
PIPE SLEEVES: 
 
Provide pipe sleeves where all pipe passes through floors, utility platforms, walls, roofs, etc.  Size sleeves for 
insulated pipe to accommodate both pipe and insulation.  Sleeves for piping masonry or concrete walls, floors, 
beams, or roof, shall be of black steel pipe of standard weight, unless otherwise specified or shown.  Vertical 
sleeves through floors shall extend at least 1" above finished floor (4” through utility platforms). 
 
ROOF VENT FLASHING: 
 
Vents through roof shall be flashed with 4 lbs. lead or 16 oz. copper extending 12" each way from the vent.  
Provide lead collar, soldered to, and extending from flashing up, around, and turned down a minimum of 1" into 
top of vent. 
 
CLEAN-OUTS: 
 
Provide clean-outs at the base of all plumbing stacks, 2'-0" above finish floor if required by local codes;  at all 
changes in direction of all sewers;  and wherever indicated on the drawings. 
 
All cleanouts shall be as manufactured by Smith, Josam, or equal by Zurn. 
 
FLOOR, WALL, AND CEILING PLATES:  
 
Where pipes pass through floors, finished walls or ceilings, fit with chromium plated cast brass plates or 
chromium steel plates as specified hereinafter.  Plates shall be large enough to completely close hole around 
pipes, and shall be square, octagonal , or round, with least dimension not less that 1.5 times larger than diameter 
of pipe.  Secure plates in an approved manner.  Plates shall be Beaton-Caldwell No. 3A for floor and No. 40 for 
walls and ceilings.  
 
PRESSURE TESTS: 
 
The engineer shall be notified several days before testing is to be conducted and all tests shall be conducted in 
presence of engineer. Prior to notifying the engineer, the Contractor shall have successfully  tested the piping.  
The Contractor shall bear the expense of the engineer's services if the tests prove unsuccessful after the 
engineer has been summoned by the Contractor to observe the test.  
 
Water test all interior soil, waste, vent, and drain piping with 10' head pressure before connecting to exterior 
sewers and before connecting to fixtures.  Water shall remain in each system for at least 4 hours.  Leaks shall 
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be repaired and tests repeated until system fulfills this test.  Systems may be tested in sections, but each joint 
between sections shall be tested.  Do not exceed 25' head pressure on any joint. 
 
Water test all exterior sanitary sewers with 4'-0" minimum head (above the invert) at the highest point of the 
sewer.  Infiltration or exfiltration shall not exceed 50 gallons per inch diameter per mile per 24 hours. 
 
Contractor shall use video camera to detect installation deficiencies such as excessive deflections, damaged 
pipes, leaking joints, etc.  Engineer’s and / or Owner’s representative shall be on site to witness videotaping of 
all sewer piping.  Contractor shall provide two (2) video tapes with corresponding diagrams for Owner’s record. 
    

END OF SECTION 
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PART I: GENERAL 
 
RELATED DOCUMENTS 
 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section. 
 
SUMMARY 
 
A. This Section includes plumbing fixtures and trim, faucets, other fittings, and related components. 
 
B. Related Sections: The following Sections contain requirements that relate to this Section: 
 

1. Division 7 Section "Joint Sealants" for sealing between fixtures and walls, floors, and counters. 
2. Division 15 Section "Valves" for general-duty valves used as supply stops. 
3. Division 15 Section "Plumbing Specialties" for backfiow preventers and other specialties not specified 

in this Section. 
 
DEFINITIONS 
 
A. Accessible: Plumbing fixture, building, facility, or portion thereof that can be approached, entered, and 

used by physically handicapped, disabled, and elderly people. 
 
B. Fitting: Device that controls flow of water into or out of plumbing fixture.  Fittings specified in this Section 

include supplies and stops, faucets and spouts, showerheads and tub spouts, drains and tailpieces, 
traps and waste pipes.  Pipe fittings, tube fittings, and general-duty valves are included where indicated. 

 
SUBMITTALS 
 
A. General: Submit each item in this Article according to the Conditions of the Contract and Division 1 

Specification Sections. 
 
B. Product Data for each plumbing fixture category and type specified.  Include selected fixture, trim, 

fittings, accessories, appliances, appurtenances, equipment, and supports.  Indicate materials and 
finishes, dimensions, construction details, and flow-control rates. 

 
C. Provide wiring diagrams from manufacturer for electrically operated units. 
 
D. Maintenance data for plumbing fixtures and components to include in the operation and maintenance 

manuals specified in Division 1. 
 
QUALITY ASSURANCE 
 
A. Source Limitations: Obtain plumbing fixtures, faucets, and other components of each category from one 

source and by a single manufacturer.  Exception: Where fixtures, faucets, or other components are not 
available from a single manufacturer, obtain similar products from other manufacturers specified for this 
category. 

 
B. Regulatory Requirements: Comply with requirements of CABO A117.1, "Accessible and Usable 

Buildings and Facilities"; Public Law 90-480, "Architectural Barriers Act'; and Public Law 101-336, 
"Americans with Disabilities Act"; regarding plumbing fixtures for physically handicapped people. 

 
C. Regulatory Requirements: Comply with requirements of Architectural and Transportation Barriers 

Compliance Board's (ATBCB) "Uniform Federal Accessibility Standards (UFAS), 1985-494-187" 
regarding plumbing fixtures for physically handicapped people. 
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D. Energy Policy Act Requirements: Comply with requirements of Public Law 102-486, "Energy Policy Act," 
regarding water flow rate and water consumption of plumbing fixtures. 

 
E. Listing and Labeling: Provide electrically operated fixtures and components specified in this Section that 

are listed and labeled. 
 

1. The Terms "Listed" and "Labeled": As defined in the National Electrical Code, Article 100. 
2. Listing and Labeling Agency Qualifications: A "Nationally Recognized Testing Laboratory" (NRTL) as 

defined in OSHA Regulation 1910.7. 
 
F. Select combinations of fixtures and trim, faucets, fittings, and other components that are compatible. 
 
G. Product Options: Drawings indicate size, profiles, dimensional requirements, and characteristics of 

plumbing fixtures and are based on specific types and models indicated.  Other manufacturers' fixtures 
with equal performance characteristics may be considered.  Refer to Division 1 Section "Substitutions." 

 
DELIVERY, STORAGE, AND HANDLING 
 
A. Deliver plumbing fixtures in manufacturers protective packing, crating, and covering. 
 
B. Store plumbing fixtures on elevated platforms in dry location. 
 
PROJECT CONDITIONS 
 
A. Field Measurements: Coordinate roughing-in and final fixture locations and verify that plumbing fixtures 

can be installed to comply with original design and referenced standards. 
 
 
PART II: PRODUCTS 
 
PLUMBING FIXTURE STANDARDS AND ACCESSORIES 
 
A. Comply with applicable standards below and other requirements specified. 
 

1. Refer to the Specifications and Drawings for specific catalog numbers and required fittings. 
2. Fixture Manufacturers: 

a.  Vitreous China Fixtures: Kohler, American Standard, or Crane. 
b.  Stainless Steel Sinks: Elkay, Just Mfg. Co., or Moen. 
c.  Electric Water Coolers: Oasis, Sunroc, or Halsey-Taylor. 
d.  Janitor’s Receptor: Fiat, Stern-Williams, or Creative Industries. 
e.  Kitchen Stainless Steel Sinks: Elkay, Just or Moen. 

3. Fittings Manufacturers: 
a.  Flush Valves: Sloan, Zurn or Delany. 
b.  Water closet Seats:  Water closet manufacturer, Olsonite or Church. 
c.  Faucets: Delta, Zurn or Kohler. 
d.  Supplies and Stops (Loose Key): McGuire Mfg. Co., Dearborn, EBC or T&S. 
e.  Traps: McGuire Mfg.  Co., EBC, Central Brass, or Dearborn. 
f.  Shower Controls: Symmons, Leonard or Acorn. 

 
 
PART III: EXECUTION 
 
EXAMINATION 
 
A. Examine roughing-in for potable, hot- and cold-water supply piping systems; soil, waste, and vent piping 

systems; and supports.  Verify that locations and sizes of piping and locations and types of supports 
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match those indicated, before installing and connecting fixtures.  Use manufacturers roughing-in data 
when roughing-in data are not indicated. 

 
B. Examine walls, floors, and cabinets for suitable conditions where fixtures are to be installed. 
 
C. Do not proceed until unsatisfactory conditions have been corrected. 
 
PLUMBING FIXTURE INSTALLATION 
 
A. Assemble plumbing fixtures and trim, fittings, faucets, and other components according to 

manufacturers' written instructions. 
 
B. Install fixtures level and plumb according to manufacturers' written instructions, roughing-in drawings, 

and referenced standards. 
 
C. Install floor-mounted, floor-outlet water closets with closet flanges and gasket seals.  Install wall-hanging, 

back-outlet water closets with carrier and support manufacturers tiling frame or setting gage. 
 
F. Install wall-hanging, back-outlet urinals with gasket seals. 
 
G. Install flushometer valves for accessible water closets and urinals with handle mounted on wide side of 

compartment.  Install other actuators in locations that are easy for handicapped people to reach. 
 
H. Fasten Wall-hanging plumbing fixtures securely to supports attached to building substrate when 

supports are specified, and to building wall construction where no support is indicated.  Fasten floor-
mounted fixtures to substrate.  Fasten fixtures having holes for securing fixture to wall construction, to 
reinforcement built into walls.  Fasten recessed, wall-mounted fittings to reinforcement built into wall.  
Fasten wall-mounted fittings to reinforcement built into walls.  Fasten counter-mounting plumbing fixtures 
to casework. 

 
M. Set mop basins in leveling bed of cement grout. 
 
N. Secure supplies to supports or substrate within pipe space behind fixture. 
 
O. Install an individual loose key stop valve in each water supply to fixture.  Install loose key water-supply 

stop valves in accessible locations. Turn loose keys over to owner at project close out. 
 
Q. Install faucet, laminar-flow fittings with specified flow rates and patterns in faucet spouts when faucets 

are not available with required rates and patterns.  Include adapters when required.  Install supply, flow-
control fittings with specified flow rates in fixture supplies at stop valves. 

S. Install faucet, flow-control fittings with specified flow rates and patterns in faucet spouts when faucets are 
not available with required rates and patterns.  Include adapters when required. 

 
T. Install shower, flow-control fittings with specified maximum flow rates in shower arms. 
 
U. Install traps on fixture outlets.  Omit traps on fixtures having integral traps.  Omit traps on indirect 

wastes, except where otherwise indicated. 
 
V. Install escutcheons at wall, floor, and ceiling penetrations in exposed, finished locations and within 

cabinets and millwork.  Use deep-pattern escutcheons where required to conceal protruding pipe fittings. 
 
W. Seal joints between fixtures and walls, floors, and counters using sanitary-type, 1 -part, mildew-resistant, 

silicone sealant according to sealing requirements specified in Division 7 Section "Joint Sealant." Match 
sealant color to fixture color; provide white, unless noted on drawings otherwise. 
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PART IV: COMMISSIONING 
 
CONNECTIONS 
 
A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general 

arrangement of piping, fittings, and specialties.  The following are specific connection requirements: 
 

1. Install piping connections between plumbing fixtures and piping systems and plumbing equipment 
specified in other Division 15 Sections. 

 
B. Supply and Waste Connections to Plumbing Fixtures: Refer to plumbing fixture schedules at the end of 

this Section for fitting sizes and connection requirements for each plumbing fixture. 
 
C. Supply and Waste Connections to Equipment Specified in Other Sections:  Connect equipment with 

supply inlets, supply stops, supply risers, and traps specified in this Section.  Use fitting sizes required to 
match connected equipment.  Connect fittings to plumbing piping. 

 
D. Ground equipment. 
 

1. Tighten electrical connectors and terminals according to manufacturers published torque-tightening 
values.  Where manufacturers torque values are not indicated, use those specified in UL 486A and 
UL 486B. 

 
E. Arrange for electric power connections to fixtures and devices that require power.  Electric power is 

specified in Division 16 Sections. 
 
FIELD QUALITY CONTROL 
 
A. Verify that installed fixtures are categories and types specified for locations where installed. 
 
B. Check that fixtures are complete with trim, faucets, fittings, and other specified components. 
 
C. Inspect installed fixtures for damage.  Replace damaged fixtures and components. 
 
D. Test installed fixtures after water systems are pressurized and demonstrate proper operation.  Replace 

malfunctioning fixtures and components, then retest.  Repeat procedure until units operate properly. 
 
ADJUSTING AND CLEANING 
 
A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, fittings, and 

controls. 
 
B. Operate and adjust disposers, hot-water dispensers, and controls.  Replace damaged and 

malfunctioning units and controls. 
C. Adjust water pressure at drinking fountains, electric water coolers, faucets, shower valves, and 

flushometer valves having controls, to produce proper flow and stream. 
 
D. Replace washers and seals of leaking and dripping faucets and stops. 
 
E. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning methods and 

materials.  Include the following: 
 

1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall strainers and spouts. 
2. Remove sediment and debris from drains. 
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PROTECTION 
 
A. Provide protective covering for installed fixtures and fittings. 
 
B. Do not allow use of fixtures for temporary facilities, except when approved in writing by Owner. 
 
 

END OF SECTION 
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PART I - GENERAL 
 
RELATED DOCUMENTS 
 

A. Drawings and General Provisions of the Contract, including General and Supplementary Conditions 
and Division 1 Specification Sections, apply to this Section. 

 
SUMMARY 
 

A. This Section includes Plumbing Specialties for water distribution systems; and soil, waste and vent 
systems. 

 
SUBMITTALS 
 
A. General:  Submit the following in accordance with Conditions of Contract and Division 1 Specification 

Sections. 
 
B. Submit product data including rated capacities of selected models and weights (shipping, installation, 

and operation).  Indicate materials, finishes, dimensions, required clearances, and methods of 
assembly of components; and piping and wiring connections. 

 
 
PART II - PRODUCTS 
 
MANUFACTURERS 
 

A. Acceptable Manufacturers:  
 

a. Backflow Preventers: 
 

i. Ames Co., Inc. 
ii. Hersey Products, Inc., Grinnell Corp. 
iii. Watts Regulator Co. 
iv. Wilkins Regulator Div., Zurn Industries, Inc. 

 
b. Water Pressure Regulators: 

 
i. Spence Engineering Co., Inc. 
ii. Watts Regulator Co. 
iii. Wilkins Regulator Div., Zurn Industries, Inc. 

 
c. Specialties: 

 
i. Josam Co. 
ii. Smith by Jay R. Smith Mfg. Co. Div., Smith Industries, Inc. 
iii. Watts Regulator Co. 
iv. Woodford Manufacturing Co. Div., WCM Industries, Inc. 
v. Zurn by Hydromechanics Div., Zurn Industries, Inc. 
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CLEANOUTS 
 

A. Exterior Surfaced Areas: Round cast nickel-bronze access frame and non-skid cover. 
 

B. Exterior Un-Surfaced Areas: Line type with lacquered cast iron body and round epoxy coated 
gasketed cover. 

 
C. Interior Finished Floor Areas: Lacquered cast iron, two-piece body, round with scoriated cover in 

service areas and round with depressed cover to accept floor finish in finished floor areas. 
 

D. Interior Finished Wall Areas: Line type with lacquered cast iron body and round epoxy coated 
gasketed cover, and round stainless-steel access cover secured with machine screw. 

 
 
 
WATER HAMMER ARRESTORS 
 

A. ANSI A112.26.1; sized in accordance with PDI WH-201, pre-charged suitable for operation in 
temperature range -100 to 300 degrees F and maximum 250 psig working pressure. 

 
 
TRAP SEAL PRIMER VALVE: 
 

A. ASSE 1018; water supply fed type, fully automatic 125psig minimum working pressure, Bronze 
body with atmospheric vented drain chamber, ½ inch threaded or solder joint inlet and outlet 
connections, Chrome plated, or rough bronze finish. Unit shall be capable of being located on any 
active water line. 

 
 
BACKFLOW PREVENTERS 
 

A. Reduced Pressure Back-flow Preventers: ANSI/ASSE 1013; bronze body with bronze and plastic 
internal parts and stainless-steel springs; two independently operating, spring loaded check 
valves; diaphragm type differential pressure relief valve located between check valves; third 
check valve which opens under back pressure in case of diaphragm failure; non-threaded vent 
outlet; assembled with two gate valves, strainer, and four test cocks. 

 
 
 
PART III - EXECUTION 
 
PREPARATION 
 

A. Coordinate construction areas to receive drains to the required invert elevations. 
 
 
INSTALLATION AND APPLICATION 
 

A. Install specialties in accordance with manufacturer's instructions to permit intended performance. 
 

 
B. Extend clean-outs to finished floor. Lubricate threaded clean-out plugs Teflon pipe dope.  Ensure 

clearance at clean-out for rodding of drainage system. 
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C. Encase exterior clean-outs in concrete flush with grade. 
 

D. Install water hammer arrestors complete with accessible isolation valve. 
 
 
 

END OF SECTION 15430 
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PART I - GENERAL  
DESCRIPTION: 
 Domestic water heater system complete, ready for operation including water heaters, thermometers and 

all necessary accessories, connections and equipment.  
 
1.2 RELATED WORK: 

A. Section 15000, GENERAL PROVISIONS (MECHANICAL). 

B. Piping, Fittings, Valves and Gages: Section 15400, PLUMBING FIXTURES. 

C. Preparation and finish painting Section 09900, PAINTING. 

D. DIVISION 16 

 
1.3 QUALITY ASSURANCE: 

A. Comply with American Society of Heating, Refrigerating and Air- Conditioning Engineers 
(ASHRAE) for efficiency performance, 
ASHRAE 90.1, Energy Efficient Design of New Buildings except Low-Rise Residential Buildings, 
”for commercial water heaters.” 

 
1.4 SUBMITTALS: 

A. Submit manufacturer’s literature and data pertaining to the water heater in properly bound 
package, in accordance with Section 01340, SAMPLES AND SHOP DRAWINGS. Include the 
following as a minimum: 

 
1. Water Heaters. 
2. Pressure and Temperature Relief Valves. 
3. Steam Control Valves.  
4. Thermometers.  
5. Pressure Gages. 
6. Vacuum Breakers. 

 
1.5 APPLICABLE PUBLICATIONS: 

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

B. American National Standard Institute (ANSI): 

Z21.10.1-98 ................................ Gas Water Heaters 

Z21.18-95 ................................... Gas appliance Pressure Regulators 

Z21.20-93 ................................... Automatic Gas Ignition Systems and Components 

Z21.21-95 ................................... Automatic Valves for Gas Appliance 

Z21.22-99 ................................... Relief Valves for Hot Water Supply systems 

C. American Society Of Mechanical Engineers (ASME): 

B1.20.1-83(R 1992) ................... Pipe Threads, General Purpose 

B16.5-96 .................................... Pipe Flanges and Flanged Fittings 

B16.24-91(R 1998) .................... Cast Copper Alloy Pipe Flanges 

PTC 25.3-94 ............................... Pressure Relief Devices 

Section IV-98 ............................. Heating Boilers 
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Section VIII-98 ........................... Pressure Vessels Division 1 

D. National Fire Protection Association (NFPA) 

54-99 .......................................... National Fuel Gas Code 

70-99 .......................................... National Electric Code 

E. Underwriters Laboratories, Inc. (UL): 

174-1996 .................................... Household Electric Storage Tank water Heaters 

1453-1994 .................................. Water Heaters, Electric Booster and Commercial Storage Tank  

. 
PART 2 - PRODUCTS 

 
2.1 ELECTRIC WATER HEATERS: 

A. Tank Construction: Steel shell, glass lined, and ASME-Code construction with 1035 kPa (150 
psig) working pressure rating.  

 
B. Tapping (openings): Factory fabricated of materials compatible with the tank and in accordance 

with appropriate ASME standards for piping connection, pressure and temperature relief valve, 
pressure gauge, thermometer, drain valve, anode rods and controls as required.  

 
C. Insulation: Comply with ASHRAE 90.1. 

1. 2 inch and smaller: Threaded ends according to ASME B1.20.1. 
2. 2 1/2-inch and Larger: Flanged ends according to ASME B16.5 for steel and stainless steel 

flanges, and according to ASME B 16.24. 
 
D. Heating Element: double element, immersion type, thermostatically adjustable. Set thermostat for 

maximum water temperature of 120 degrees F. Phase and voltage as shown on the drawings. 
 
E. Combination Pressure and Temperature Relief Valves: ASME rated, constructed of all brass or 

bronze with a self-closing reseating valve. Pressure setting shall be less than water heater 
working pressure, and relieving capacity shall not be less than heat input. 

 
F. Electrical power requirements: Field coordinate power connect requirements with E.C. prior to 

ordering equipment. Provide 120/208/240V or 277/480V as required to match electrical feeders. 
 
G. Provide water heat as manufactured by: Rudd, Rheem, State, A.O. Smith or equal.  See schedule 

on plans for specific heater requirements. 
 
2.2 GAS TANK TYPE WATER HEATERS: 

A. Comply with ANSI Z21.10.1 

B. Tank Construction: Steel, glass lined, with 1035 kPa (150 psig) working pressure rating. 

C. Tapping (Fittings): Factory fabricated of materials compatible with the tank and in accordance with 
appropriate ASME standards for piping connection, pressure and temperature relief valve, 
pressure gauge, thermometer, drain valve, anode rods and controls as required, unless noted 
otherwise: 

 
1. 50-mm (2 inch) and smaller: Threaded ends according to ASME B1.20.1. 

2. 65-mm (2 1/2-inch) and larger: Flanged ends according to ASME B16.5 for steel and stainless 
steel flanges, and according to ASME B 16.24.  

D. Burner: Natural or LP gas-fired: 

1. Thermostatically adjustable. 
2. High temperature limit and low water cutoff devices for safety controls. 
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3. Automatic ignition in accordance with ANSI Z21.2. 
4. Automatic damper in accordance with ANSI Z21.66. 
 

E. Flue: Provide each heater with number 0.85 mm thick (22 gage) galvanized iron flue of same size 
as heater outlet, extending from heater to chimney, unless detailed otherwise .  

 
F. Temperature Setting: Set thermostat for a maximum water temperature of 120 degrees F.  

G. Insulation: Comply with ASHRAE 90.1. 

H. Combination Pressure and Temperature relief Valve: ANSI Z21.22 rated, constructed of all brass 
or bronze with a self-closing reseating valve.  

 
2.3 GAS TANKLESS WATER HEATERS: 

A. Standards & Guidelines:  
1. Energy Star – 97% Efficient 
2. ANSI Z21.10.3 
3. SCAQMD – 20 PPM NOx emission 
4. Uniform Energy Factor (UEF) – 0.93 

 
B. Construction: Unit shall have an internally mounted primary and secondary Stainless Steel 

condensing type burner, direct vent flue with options for ducted interior or direct vent exterior 
installation. Unit shall have an integral microprocessor controller with built-in recirculation logic and 
capable of storing and displaying a history of up to a minimum of 8 diagnostic maintenance/error 
codes. 

C. Tapping (Fittings): Factory fabricated of materials compatible with the application and in 
accordance with appropriate ASME standards for piping connection, pressure and temperature 
relief valve, pressure gauge, thermometer, drain valve, and controls as required, unless noted 
otherwise: 

 
1. 50-mm (2 inch) and smaller: Threaded ends according to ASME B1.20.1. 

2. 65-mm (2 1/2-inch) and larger: Flanged ends according to ASME B16.5 for steel and stainless 
steel flanges, and according to ASME B 16.24.  

 
D. Burner: Natural or LP gas-fired: (15,000 up to 199,00 Models) 

1. Thermostatically adjustable. 
2. High temperature limit and low water cutoff devices for safety controls. 
3. Automatic ignition in accordance with ANSI Z21.2. 
5. Automatic damper in accordance with ANSI Z21.66.  

 
E. Temperature Setting: Set thermostat for a maximum water temperature of 120 degrees F. 

(Adjustable range of 100 degrees F up to 180 degrees F) 
 

F. Safeties: 

1. Flame Failure Lockout. 
2. Boiling Protection Lockout. 
3. Thermal Overheat protection. 
4. Internal Freeze Protection. 
5. Blocked Flue Protection. 

 
G. Combination Pressure and Temperature relief Valve: ANSI Z21.22 rated, constructed of all brass 

or bronze with a self-closing reseating valve.  
 
H. Warranty: 
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a. Heat Exchanger: 8 Years or 12,000 hours of operation (Whichever occurs first) 
b. Remaining Parts & Components: 5 Years 
c. Labor: 1 Year 

 

2.4 THERMOMETERS: 
Gas and Electric Water Heaters: Straight stem, iron case, red reflecting mercury thermometer 
approximately 175 mm (7 inches) high, 4 to 115 degrees C (40 to 240 degrees F). Install in hot water 
pipe close to outlet of tank.  

 
PART 3 - EXECUTION  

 

3.1 INSTALLATION: 
A. Install water heaters on concrete base.  

B. Install water heaters level and plumb. 

C. Install and connect water heaters in accordance with manufacturer’s written instructions. 

D. Pipe all pressure and temperature relief valves discharge to nearby floor drain, floor sink, or mop 

sink. If no floor drain, floor sink, or mop sink is available, pipe all pressure and temperature relief 

valve discharge to the building exterior.   

E. All tank type water heaters shall be provided with and installed in a 6” deep emergency drain pan. 

Emergency drain pan discharge shall be piped to nearby floor drain, floor sink, or mop sink. If no 

floor drain, floor sink, or mop sink is available, pipe emergency drain pan discharge to building 

exterior. Raise tank in pan as required to have proper access to the drain valve. 

F. If water heater is installed in a room with a mop sink, provide and install elevated stand. Stand 

shall be tall enough such that the bottom of water heater tank is higher than top edge of mop sink 

basin to facilitate drain piping to mop sink drain. Contractor shall maintain a minimum of 1/4" per 

foot slope on drain piping. Elevated stand height shall take drain slope into consideration. 

G. Install thermometers on water heater inlet and outlet piping. 

H. Provide and install thermal heat traps as required by current NC Energy Conservation Code. 
 

I. Provide electric power connections to fixtures and devices that require power using licensed 
electrician as specified in Division 16 Sections. 

 
J. Ground equipment - tighten electrical connectors and terminals according to manufacturers 

published torque-tightening values.  Where manufacturers torque values are not indicated, use 
those specified in UL 486A and UL 486B 

 
K. Set the thermostats for a maximum setting of 120 degrees F unless noted otherwise. 

 
3.2 LEAKAGE TEST: 

 Before piping connections are made, test water heaters with hydrostatic pressure of 200 psi. 

Correct any leakage or replace water heater and retest at no additional cost to the Owner. 
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3.3 PERFORMANCE TEST: 

 Ensure that all of the remote water outlets will have a maximum of 120 degrees F and a maximum of 
120 degrees F water flow at all times. If necessary, make all correction to balance the return water 
system or reset the thermostat to make the system comply with design requirements. 

 
 
 
 

END OF SECTION 
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GAS SERVICE: 
 
Contractor shall contact gas utility company to determine the extent of service upgrade is required and 
include all fees in bid.  The Contractor is responsible for coordinating gas service, meter installation, and 
locations of equipment provided by others. 
 
GAS PIPING BELOW GRADE: 
 
Buried gas pipe shall be Schedule 40 black steel with welded fittings, primed and wrapped with approved 
wrap or tape, and buried a minimum of 18" below finish grade.  If approved by local Inspector and Utility 
Company, Polyethylene Plastic Pipe (PE) conforming to ANSI / ASTM D 2104 standards, as manufactured 
by Phillips 66 Driscopipe or GUC approval equal, may be substituted.  Provide 6" wide utility warning tape, 
"Warnoline" by Safety Sign Co., or approved equal, 12" below finish grade during backfill operation. 
 
GAS PIPING ABOVE GRADE AND TESTING: 
 
Gas pipe above finish grade or floor, 2” or less, shall be Schedule 40 black steel pipe with 150 malleable 
screwed fittings. Pipe 2 1/2” and over, shall be schedule 40 black steel pipe with welded fittings conforming 
to ANSI/AWS D 1.1. Gas piping shall be air tested at 60 psig for a minimum of 4 hours or 40 psig for 24 
hours and shall be witnessed by Engineer and Building Inspector.  Clean, prime, and paint all exposed gas 
piping OSHA Yellow. At contractor’s discretion, press fit pipe fittings rated for natural gas may be used. 
Press Fit system shall be “Mega Press G” by Viega or an equal system. 
 
GAS VALVES: 
 
Gas valves shall be tested and certified by AGA and conform to ANSI 221.15B for natural and for LP gas-
air mixtures.  Gas valve body shall be semi-steel, with a bolted cover, and flanged ends.  Acceptable 
manufacturers are Nibco, Rockwell or Powell.. 
 
INSTALLATION: 
 
Installation shall be in accordance with current NFPA Bulletin, American Gas Association, and North 
Carolina Building Code.  Provide shut-off valve, dirt leg, and union at each piece of equipment.  Provide 
pipe hangers/supports at specified intervals in NC Fuel Gas Code. Gas piping installed on the roof shall be 
supported by a trapezoid shaped rubber base that has an integral galvanized metal “U” channel for 
securing the piping to the support base. Provide Duralock, Anvil, B-Line or equal. 
 
CONNECTIONS TO EQUIPMENT: 
 
Provide gas piping and final connections to all equipment furnished under this contract.  Provide rough-ins 
with shut-off valve to gas-fired HVAC equipment as per manufacturer’s directions and dimensioned 
drawings or as directed by the Mechanical Contractor.  Final connections to kitchen equipment shall be 
responsibility of the equipment supplier.  Flexible gas piping shall be used to connect appliance to rigid gas 
supply in utility chase.  Flexible gas piping length shall be limited as required to move appliances for 
cleaning. 
 
 

END OF SECTION 
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PART I: GENERAL 
 
Furnish and install insulation for hydronic and air distribution systems where shown on plans, and 
specified below. 
 
HW PIPE INSULATION: 
 
Insulate hydronic system piping, fittings, flanges, unions, etc.  Insulation shall be a jacketed glass fiber pipe 
covering, 1.5” thick for pipe sizes 1.5” & less, 2" thick for pipes sizes 2” & above with flame resistant vapor 
barrier jacket meeting ASTM C547 and UL Classified. 

 
Insulation shall be Knauf Earthwool 1000 or equal by Owens-Corning or Johns-Mansville.  Provide pre-
formed PVC jacket covers over insulated fittings such as els, tees, valves, etc. and over all piping in boiler 
room (see below). 

 
CHILLED WATER PIPE INSULATION: 
 
Insulate chilled water system piping, fittings, flanges, unions, etc.  Insulation shall be a condensation control 
jacketed glass fiber pipe covering, 1.5” thick for pipe sizes 2 ½” & less, 2.0" thick for pipes 3” to 4”, & 2.5" 
thick for pipes 5” & above with flame resistant vapor barrier jacket meeting ASTM C547 and UL Classified. 

 
Insulation shall be Knauf Earthwool 1000 or equal by Owens-Corning or Johns-Mansville.  Provide pre-
formed PVC jacket covers over insulated fittings such as els, tees, valves, etc. and over all piping in boiler 
room (see below). 

 
BOILER ROOM PIPE INSULATION COVER: 
 
Furnish & install pre-formed PVC jacketing over insulated piping & fittings in boiler room equal to Proto 
Corporation LoSmoke 161oF PVC 25/50 Rated.   Provide following colors: HEAT = red, CHILLED WATER 
= blue, MAKE-UP WATER = DOMESTIC WATER by P.C. = green. 
 
EQUIPMENT INSULATION: 
 
Insulate hydronic system equipment including but not limited to chilled water expansion or compression 
tanks, pumps, storage tanks, heat exchanger vessels, etc.  Insulation shall be a cellular block or urethane 
unicellular type with flame resistant vapor barrier jacket meeting ASTM and UL standards. 

 
DUCTWORK INSULATION: 
 
Furnish and install all-service faced duct wrap consisting of a blanket of glass fibers factory-laminated to a 
reinforced foil / kraft (FRK) vapor retarder facing on all supply, ventilation, and non-lined return air 
ductwork.  
 
Duct wrap shall comply with NFPA 90 performance standards.  Duct wrap insulation shall be Knauf Multi-
purpose, 2-3/16" minimum thickness 0.75 lb/cf or 2” thick 1 lb/cf density with installed R-value = 6.0, or 
approved equal by Owens-Corning or Schuller.  

 
PART II: EXECUTION 
    
Install system according to manufacturer's written instructions. Drawings indicate only general 
arrangement of piping, fittings, and specialties 
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PIPE INSULATION INSTALLATION: 
 
The Contractor shall provide all insulation as required on all piping as specified hereinafter and/or as 
indicated. All insulation shall be installed in a workmanlike manner by qualified workers in the regular 
employ of the Contractor.  
 
Install insulation according to manufacturer’s instructions. 
 
All insulation shall be applied to clean, dry surfaces butting all sections firmly together and finishing as 
specified hereinafter. All vapor barriers shall be sealed and shall be continuous throughout.  No staples shall 
be used on any vapor barrier jacket.  All vapor barriers shall be of the fire-retardant type.  
 
Insulation of all insulated lines shall be interpreted as including all pipe, valves, fittings, and specialties 
comprising the lines, except flanged unions and screwed unions on hot piping.  Insulation over fittings shall 
be of equal thickness as the adjoining pipe insulation. Unless otherwise specified or directed, insulation for 
fittings and flanges shall be of the permanent type.  
 
PIPE INSULATION PROTECTION:  
 
Support of pipe shall be on the outside of the insulation. The insulation at each support shall be rigid and 
of an equal thickness and finish as the adjoining pipe insulation; the length to coincide with the saddles.   
 
PIPE IDENTIFICATION: 
 
Furnish and install flexible, permanent, color-coded, plastic-sheet pipe markers that comply with ANSI 
A13.1 on all chilled, hot, & condensate piping (including piping above lay-in ceiling & visible from utility 
platform) not to exceed 15' o.c. manufactured by Seton Products, MSI, or equal.  Provide directional 
arrows.  Verify verbiage with Engineer, i.e., chilled water supply or return, hot water supply and return, etc.   

 
DUCT SEALANT: 
 
Prior to insulating, all duct joints (except gasketed joints), seams and connections shall be sealed with 
brush-on type water-based sealant equal to United-McGill Duct Sealant.  Apply in accordance to 
manufacturer's instructions and / or recommendations. 

 
DUCT INSULATION INSTALLATION: 
 
Before applying duct wrap, sheet metal ducts shall be clean, dry, tightly sealed at all joints and seams as 
specified, sealant applied and inspected by Engineer.   
 
Duct wrap insulation shall be cut to "stretch-out" dimensions as provided in instructions, and a 2" piece of 
insulation removed from the facing at the end of the piece of insulation to form an overlapping staple and 
tape flap. 
 
Install duct wrap insulation with facing outside so that tape flap overlaps insulation and facing at other end 
of piece of duct wrap.  Insulation shall be tightly butted.  If ducts are rectangular or square, install so 
insulation is not excessively compressed at duct corners.  Seams shall be stapled approximately 6" on 
center with outward clinching staples.  Where a vapor barrier is required, seal with pressure-sensitive tape 
matching the facing, either plain foil or PRK backing stock. 
 
Where rectangular ducts are 24" in width or greater, duct wrap insulation shall be additionally secured to 
the bottom of the duct with mechanical fasteners such as pins and speed clip washers, spaced on 18" 
centers (maximum) to prevent sagging of insulation.  Adjacent sections of duct wrap insulation shall be 
tightly butted with the 2" tape flap overlapping.  Where a vapor barrier is required, seal all tears, punctures, 



DIVISION 15B                                                              HEATING, VENTILATING, AND AIR CONDITIONING 
SECTION 15500  MECHANICAL INSULATION 
 

 15500 - 3 
 

and other penetrations of the duct wrap insulation facing with tape or mastic to provide a vapor tight 
system. 
 
DUCT LINER: 
 
Removed from Spec, not allowed on this project. 
 
PART III: WARRANTY 
 
Manufacturer shall guarantee all insulation as installed to be free from manufacturing defects for a period 
of one year from startup not to exceed twenty-four months from shipping to job site under normal use. 
 
PART IV: COMMISSIONING 
 
Prior to pre-final construction review, Contractor shall repair all insulation tears and damage. 
 
 
 

END OF SECTION 
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PART 1:  GENERAL 
 
1.01   SECTION INCLUDES 
 

A.  Design 
B.  Performance Criteria  
C. Controls and control connections 
D. Chilled water connections 
E. Electrical power connections 
F. Chiller Package 

 
1.02   REFERENCES 
 

A. Products shall be designed, rated and certified in accordance with applicable sections of the 
following Standards and Codes: 

1. To comply with the most recent versions of applicable Standards and Codes of AHRI 
550 / 590. 

2. AHRI 370 - Standard for Sound Rating of Large outdoor Refrigerating and Air-
conditioning Equipment. 

3. To comply with the most recent versions of applicable Standards and Codes of ASHRAE 
15. 

4. Units shall meet the efficiency standards of the latest ASHRAE 90.1 Standard. 

 
1.03   SUBMITTALS 
 

A. Submit shop drawings and product data in accordance with the specifications. 

B. Submittals shall include the following: 

1. Dimensioned plan and elevation view drawings, required clearances, and location of all 
field connections. 

2. Weights and loading document. 

3. Product data indicating rated capacities, weights, specialties and accessories, electrical 
requirements and wiring diagrams. 

1.04  OPERATION AND MAINTENANCE DATA 
 

Include manufacturer's descriptive literature, installation checklist, start-up instructions and 
maintenance procedure. 

 
 
1.05   REGULATORY REQUIREMENTS 
 

A. A.  UL 1995 -- Standard for Heating and Cooling Equipment. 

B. Manufactured facility to be ISO 9001. 
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C. Factory Functional Test: The chiller shall be pressure tested, evacuated and fully charged with 
HFC-410A refrigerant and oil. In addition, a factory functional test to verify correct operation by 
cycling condenser fans, closing compressor contacts and reading data points from temperature 
and pressure sensors. 

D. Chiller manufacturer shall have a factory trained and supported service organization that is 
within a 50 mile radius of the site. 

E. Warranty: The manufacturer shall warrant all equipment and material of its manufacture against 
defects in workmanship and material for a period of one year from date of initial start-up or 
eighteen months from date of shipment; whichever occurs first. 

F. A 5 year parts and labor warranty shall be provided on any speed increasing or decreasing 
compressor. 

G. Provide whole unit parts warranty (less motor/transmission/compressor) for the duration of the 
1st year. 

H. Provide whole unit labor warranty for the duration of the 1st year. 

1.06  STORAGE AND HANDLING 
 

A. Units shall be delivered to job site fully assembled and charged with refrigerant (unless       
selected with nitrogen charge) and oil by the manufacturer. 

B. Unit shall be stored and handled per manufacturer's instructions. 

C. During shipment, provide protective covering over vulnerable components. Fit nozzles 
and open pipe ends with enclosures. 

 
1.07 WARRANTY 
 

A. Provide a full parts warranty for one year from start-up or 18 months from shipment, whichever 
occurs first. 

B. A 5-year motor/transmission/compressor warranty shall be provided based upon the RPM of 
the compressors as follows: 

 
Compressor RPM Warranty Term 
0 - 5000 1 year from start-up 
5001 - 10,000 5 years from start-up 
10,001 and above 5 years plus annual oil analysis 
 
1.08   MAINTENANCE SERVICE 
 
Furnish service and maintenance of complete assembly for one year starting from Date of Substantial 
Completion. 
 
 
PART 2:  PRODUCTS 
 
2.01   ACCEPTABLE MANUFACTURERS 
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A. A.  Trane Model CGAM 

B. Carrier 30RB 

C. McQuay AGZ  

D. York YLAA 

 
2.02   GENERAL UNIT DESCRIPTION 

 
Factory assembled, single-piece chassis, air-cooled liquid chiller. Contained within the package shall be all 
factory wiring, piping, controls, and refrigerant charge (HFC-410A or 454B). 

. 
2.03   COMPRESSORS 
 

A.  Fully hermetic scroll type compressors with R410A or 454B optimized and dedicated scroll 
profile. 

B. Direct drive motor cooled by suction gas with only three major moving parts and a completely 
enclosed compression chamber which leads to increased efficiency. 

C. Each compressor shall have overload protection internal to the compressor 

D. Each compressor shall include: centrifugal oil pump, oil level sight glass and oil charging valve. 

E. Each compressor will have crankcase heaters installed and properly sized to minimize the 
amount of liquid refrigerant present in the oil sump during off cycles. 

 
2.04 EVAPORATOR 

B. The evaporator shall be a high efficiency, brazed plate-to-plate type heat exchanger consisting 
of parallel plates.  Braze plates shall be stainless steel with copper braze material. 

C. The evaporator shall be protected with an etched foil heater and insulated with 1.5 inch 
insulation. This combination shall provide freeze protection down to -20F ambient temperatures 
while the heater is powered.  Contractor shall provide separate power to energize heater and 
protect evaporator while chiller is disconnected. 

D. The water side working pressure shall be rated at 150 psig and tested at 1.5 times maximum 
allowable water side working pressure. 

E. The refrigerant side working pressure shall be rated at 460 psig (29.6 bars) and tested at 1.1 
maximum allowable refrigerant side working pressure. 

 
2.05 CONDENSER 

A. The condenser coils shall consist of copper tubes mechanically bonded into plate-type 
aluminum fins. A subcooling coil shall be an integral part of the main condenser coil. 
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B. The maximum allowable working pressure of the condenser shall be 650 psig (44.8 bars). The 
condensers shall be factory proof and leak tested at 715 psig (49.3 bars). 

C. Low Sound Fans shall be dynamically and statically balanced, direct drive, corrosion resistant 
glass fiber reinforced composite blades molded into a low noise fan blade. 

D. Low speed fan motors shall be three-phase with permanently lubricated ball bearings and 
individually protected by circuit breakers. 

E. Unit shall be capable of starting and operating at outdoor ambient temperatures from 20F to 
125F (-18C - 52C) for all sizes. 

F. Provide factory mounted, louvered, "architecturally pleasing" panels. Panel louvers shall cover 
the condenser coils and protect from hail. 

 
2.06   ENCLOSURES 
 

A. Mount starters in a UL1995 rated panel for outdoor use. 

B. The starter shall be across-the-line configuration, factory-mounted and fully pre-wired to the 
compressor motor(s) and control panel. 

C. Unit shall have a single point power connection. 

D. A control power transformer shall be factory-installed and factory-wired to provide unit control 
power. 

E. Control panel shall be dead front construction for enhanced service technician safety. 

F. Power line connection type shall be standard with a terminal block. 

G. Unit wiring shall run in liquid-tight conduit. 

 
2.07   REFRIGERANT CIRCUIT 
 

A. Chilled fluid circuit shall be rated for 150 psig (1034 kPa) working pressure. 

B. Proof of flow switch shall be provided by the equipment manufacturer and installed the correct 
number of pipe diameters from any elbow and in the correct orientation. 

C. Flow switch shall be IFM flow monitor type. 

D. Units with brazed plate evaporators shall have a water strainer that is factory provided. It shall 
be installed with a blowdown valve to facilitate periodic cleaning of the strainer to prevent it 
from becoming clogged. 

E. Water pipe extensions with insulation shall be factory installed from the evaporator to the edge 
of the unit. 

F. All major serviceable components shall be located at least 18-inches from edge of chiller.  
Service shutoff valves and water strainer are conveniently located to enable each service. 
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2.08   CONTROLS 
 

A. A.  The microprocessor-based unit controller shall be factory-installed and factory-tested. 

B. The unit display shall provide the following data: 

1. Water and air temperatures 

2. Refrigerant levels and temperatures 

3. Flow switch status 

4. Compressor starts and run times 

5. Display diagnostics. 

C. The unit controller shall provide chilled water reset based on return water as an energy saving 
option. 

D. Chilled water temperature control shall be microprocessor-based, proportional and integral 
controller to show water and refrigerant temperature, refrigerant pressure, and diagnostics.  
This microprocessor-based controller is to be supplied with each chiller by the chiller 
manufacturer. Controls shall include the following readouts and diagnostics: 

1. Low evaporator refrigerant temperature and/or pressure 

2. High condenser refrigerant pressure 

3. Low oil flow 

4. Motor current overload 

5. High compressor discharge temperature 

6. Electronic distribution faults:  phase loss, phase imbalance, or phase reversal 

E. Unit shall be shipped with factory control and power wiring installed. 

F. On chiller, mount weatherproof control panel, containing starters, power and control wiring, 
factory wired with terminal block power connection.  Provide primary and secondary fused 
control power transformer and a single 115 volt 60 Hz single phase connection for evaporator 
freeze protection heaters. 

G. The unit controller shall utilize a microprocessor that will automatically take action to prevent 
unit shutdown due to abnormal operating conditions associated with:  evaporator refrigerant 
temperature, high condensing pressure and motor current overload. 

H. Provide the following safety controls with indicating lights or diagnostic readouts. 

1. Low chilled water temperature protection. 

2. High refrigerant pressure. 
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3. Low oil flow protection. 

4. Loss of chilled water flow. 

5. Contact for remote emergency shutdown. 

6. Motor current overload. 

7. Phase reversal/unbalance/single phasing. 

8. Over/under voltage. 

9. Failure of water temperature sensor used by controller. 

10. Compressor status (on or off). 

I. Provide the following operating controls: 

1. Chilled water pump output relay that closes when the chiller is given a signal to start. 

2. High ambient pressure controller that shuts off a compressor to keep head pressure 
under control and help prevent high pressure nuisance trip outs on days when outside 
ambient is above design. 

3. Compressor current sensing limit that shuts off a compressor to help prevent current 
overload nuisance trips. 

4. Auto lead-lag functions that constantly even out run hours and compressor starts 
automatically. If contractor cannot provide this function then cycle counter and hour 
meter shall be provided for each compressor so owner can be instructed by the 
contractor on how to manually change lead-lag on compressors and even out 
compressor starts and running hours. 

5. Low ambient lockout control with adjustable setpoint. 

J. Provide user interface that displays chilled water temperature setpoint and actual leaving 
chilled water temperature.  Display should be on the front of panel.  If display is on the inside of 
the panel, then a control display access door shall be provided to allow access to the display 
without removal of panels. 

K. Provide factory installed contact closure input for initiation of ice building. Ice building 
termination shall be based on an adjustable entering water temperature setpoint. All 
compressors shall run at full load during ice building.  

L. Digital Communications to BAS system shall consist of a BACnet interface via a single twisted 
pair wiring.  

M. The chiller control panel shall provide leaving chilled water temperature reset based upon 
return water temperature. 

N. The chiller control panel shall provide an alarm relay output that shall energize whenever a fault 
requiring manual reset is detected by the panel.  
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O. The chiller control panel shall provide input for leaving chilled water temperature setpoint based 
upon a 2-10VDC or 4-20mA signal from a building automation system.  

P. The chiller control panel shall provide input for chiller current limit setpoint based upon a 2-
10VDC or 4-20mA signal from a building automation system.  

Q. The chiller control panel shall provide an output for chiller Percent Capacity via a 2-10VDC or 4-
20mA signal to a building automation system.   

R. On chillers that are going to be located within 20 miles of the coast or are located in a corrisie 
environment, provide the chiller with a corrosion resistant coating. Coat the condenser coils, 
components, frame, and all metal portions of the cabinet, interior and exterior.  Coating shall 
meet or exceed ASTM B117 for a 5,000 hour spray rating.  

 
PART 3:  EXECUTION 
 
3.01   INSTALLATION 
 

A. A.  Install in accordance with manufacturer's instructions. 

B. Align chiller package on steel or concrete foundations. 

C. Install units on isolators. 

D. Connect to electrical service. 

E. Connect to chilled water piping. 

 
 
PART 4 SEQUENCE OF OPERATIONS:  see drawings. 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
CONDENSATE PIPING: 
 
Condensate piping shall be 1-1/4” diameter minimum PVC pipe and fittings installed in strict 
accordance with the Plastic Pipe Institute guidelines unless noted otherwise on the drawings.  
Provide copper or cast-iron piping above corridor ceilings below utility platforms or in similar fire-rated 
assemblies. Slope pipe a minimum of 1/4” per foot and support with clevis-type hangers at 5’-0” o.c.  
 
INSULATION: 
 
Insulate pipe with 3/8” wall white Polymer foam insulation by IMCOA or 1/2” thick closed cell rubber 
pipe insulation, Armstrong AP Armaflex or equal by Rubatex, prior to making joints.  Fabricate 
mitered covers over elbow fittings.  Insulation sections shall be jointed using Armstrong 520 
Adhesive.  Follow all manufacturers’ installation instructions in strict accordance.  Splitting insulation 
or the use of duct tape to join insulation sections will not be permitted on this project. 
 
PIPE SUPPORT: 
 
Provide clevis-type hangers on 5'-0” centers and within 12" of elbows.     
         
 
TESTING: 
 
Fill fan coil and air handler condensate pans from utility sinks and allow to flow into storm sewer prior 
to ceiling installation and pipe insulation.  Repair all observed leaks as required. 
 
PIPE IDENTIFICATION: 
 
Furnish and install permanent color-code plastic sheet pipe markers with directional arrows.  See also 
section 15740-4.  
  

  
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
Provide complete systems of piping and fittings for all services, including water system piping, cold water 
make-up, valves, fittings, joints, hangers, supports, expansion joints, pipe guides, and insulation. 
 
SUBMITTALS: 
 
Shop drawings shall be submitted for the following: 
 

a. piping & fittings 
b. welding procedure & qualification specification  
c. valves / strainers / flow control devices / test plugs 
d. gauges 

 
BUILDING PIPE INSTALLATION: 
 
All pipe, valves and fittings shall comply with American Standards Association Code and/or local codes 
and ordinances (no foreign fittings accepted).  Cut pipe accurately to measurements established at 
building or site, and work into place without springing or forcing, properly clearing all windows, doors and 
other openings or obstructions.  Excessive cutting or other weakening of building to facilitate piping 
installation will not be permitted. Piping shall line up flanges and fittings freely and shall have adequate 
unions and flanges so that all equipment can be disassembled for repairs.  Test all piping prior to 
concealing.  
 
All welded pipe and fittings shall be delivered to job with machine beveled ends.  Where necessary, 
beveling may be done in field by gas torch, in which case surfaces shall be thoroughly cleaned of scale 
and oxidation after beveling.  No miter connections will be permitted in welded work. 
 
Screwed piping shall have tapered threads cut clean and true, and shall be reamed out clean before 
erection.  Each length of pipe, as erected, shall be upended and rapped to free it of any foreign matter.  
All piping shall be closed with factory installed caps until prior to installation.   
 
Threaded fittings shall be malleable iron conforming to ANSI B16.3 (150 psig W.O.); welded fittings shall 
be standard weight Schedule 40 black steel conforming to ASTM A-120. Weld-o-lets may be used in lieu 
of fitting for branch take-offs from mains 2" or larger provided that the branch take-offs is two or more 
sizes smaller than the main. No "stub-ins" will be permitted. Threaded joints shall be made with Teflon 
sealing compound applied to the male threads only. 
 
The Contractor shall coordinate the routing of all piping with other contractors prior to installation. 
Furnish and install valves as required to allow for complete system drain down. 
 
ABOVE GROUND PIPING: 
 
Above ground piping inside building shall be Schedule 40 black steel pipe bearing name of manufacturer 
and weight at regular intervals.  Fittings for pipe 2-1/2" and smaller shall be malleable iron 150 lb. 
screwed and bonded (ASA B16.3).  Fittings for pipe 3" and larger shall be welded forged carbon steel 
(ASTM 234) with same thickness as adjacent piping.  Use only long radius elbows. 

 
WELDING QUALITY ASSURANCE 
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Piping shall comply with the provisions of the latest edition of the ASME code for pressure piping, 
ANSI/ASME B31.1 - Power Piping. 
 
All welding shall be performed by persons currently having an ASME license in accordance with Section 
IX of the ASME Code. All welding shall be performed in accordance with the North Carolina Boiler Rules. 
Names, identification stamps, and copy of certification of all welders on job shall be submitted to the 
Designer and kept for historical purposes in the project files. At the request of the Designer, this 
contractor shall (at his or her expense) have an independent testing agency test and qualify the welding 
procedures used in the construction of weldments and the performance of welders who apply these 
procedures. 
 
At least two weeks before any welding is performed, the Contractor shall submit to the Designer a copy 
of each welding procedure specification required for the job, together with the procedure qualification 
record as required by Section IX of the ASME boiler and pressure vessel code. 
 
At least two weeks before any welder shall perform any welding the Contractor shall submit to the 
Designer a copy of the manufacturer's record of welder or welding operator qualification tests as 
required by Section IX of the ASME boiler and pressure vessel code. 
 
Welded joints shall be made by first properly beveling the surfaces to be welded, cleaning the mating 
surfaces, then tack-welding the joint to assure proper alignment prior to completing the weld. Weld metal 
shall be continuous around the joint and shall be deposited in such a manner that the sides and bottom 
of the surfaces or edges joined are thoroughly fused with the surface of the weld and have proper 
reinforcement and width. 
 
The first weld of each welder shall be witnessed and visually inspected and approved by Engineer 
before further welding by that welder is permitted. Provide at least five (5) working days notice to 
Engineer. 
 
Weld examination shall be in accordance with ANSI/ASME B31.1 - Power Piping. In addition, the Owner 
may at any time hire an independent agent to examine the welds using whatever method he or she 
deems suitable, whether required by ANSI/ASME B31.1 or not. 

 
Any welds not meeting the acceptance criteria of ANSI/ASME B31.1 – Power Piping for the examination 
technique used shall be repaired in accordance with ANSI/ASME B31.1., at no cost to the Owner. 

 
VALVES: 
 
For pipe sizes 3" and larger, valves shall be threaded lug butterfly type, with ductile iron body, teflon or 
neoprene seat, and bronze disc; Grinnell Series 8000 or equal by Posi-Seal or DEMCO.  For pipe sizes 
2.5" and smaller, use ball valves non-shock pressure rated up to 400 psi equal to Grinnell Series 3500 
with cast bronze body  and ball.  Soft solder ends at temperatures less than 470°F to prevent damage to 
seat.  Nibco or Apollo shall be considered equal. 
 
Check valves shall be spring loaded, manufactured by Febco, Watts or equal.  
 
STRAINERS: 
 
Strainers shall be placed at pumps, coils, chillers, boilers, make-up water and where indicated on the 
drawings.  Strainer body specs shall be same as valves.  Screen element shall be rated for 20 mesh/850 
microns up to 1-1/2”, perforations shall not exceed 1/16” for 2” units and larger.  
 
AUTOMATIC FLOW CONTROL VALVES / STRAINERS 
 
Combination automatic flow control valves strainers with pressure and temperature parts shall be 
installed where shown on the drawings to control the water flow to the scheduled values.  These valves 
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shall automatically control the flow of water to the units to within 5% of the indicated flow over a pressure 
range of not less than 14 times the minimum necessary for proper flow.  All internal working parts shall 
be nickel plated brass or  type 300 passivated stainless steel.  Where indicated on drawings, provide 
plug blow down drain, manual air vent, add dielectric union options.  See details on drawings.  Flow 
control devices shall be Auto Flow FV-BC/SV-BC by Flow Design Inc. or Flow-ConY, orUltra-Z by 
Griswold. 
 
TEST PLUGS: 
 
Provide where shown on drawings, 1/4" brass, 1000 psi, 250 degrees F test plugs with Nordel penetrate 
able membrane for measuring pressure and temperature.  The plug shall have a firm fitting brass cap.  
The case shall have a double insert of Nordel to prevent momentary leakage after long periods of 
penetration.  Test plugs shall be manufactured by Peterson Engineering (Pete's plugs) or approved 
equal.   
 
PIPE SLEEVES: 
 
Provide pipe sleeves where pipe passes through floors, beams, walls, roofs, etc.  Size sleeves for 
insulated pipe to accommodate both pipe and insulation.  Sleeves for piping masonry or concrete walls, 
floors, beams, or roof, shall be of black steel pipe of standard weight, unless otherwise specified or 
shown.  Vertical sleeves through floors shall extend at least 1" above finished floor.  
 
PIPE HANGERS AND SUPPORTS: 

 
Pipe hangers and supports shall be of a size to support water filled piping with a safety factor of 5 based 
on hanger or support ultimate tensile strength.  Hangers and supports shall be manufactured by B-Line 
Systems or approved equal by Grinnell or PHD.  Size hangers for all insulated piping to fit over 
insulation with an acceptable clearance.   
 
Clevis hangers for water piping shall be equal to B-Line Fig. 3100.  Roller type hangers shall be equal to 
B-Line Fig B-3110.  Vertical pipes shall be supported by wall brackets equal to Grinnell Fig. 261.  
Hanger rod shall be equal to B-Line Systems Fig B-3205.  Pipe insulation protection shield shall be B-
Line Fig. 3151.  Piping hanger and support installation shall allow for uniform expansion and contraction 
at all times.  Use B-Line Fig. B-3050 or equal universal C-clamps for attachment to structure. 

 
PIPE INSULATION: 
 
See Section 15500, Mechanical Insulation. 
 
INSULATION INSTALLATION: 
 
See Section 15500, Mechanical Insulation. 
 
PRESSURE TESTING: 
 
Test all piping and connections installed under this contract.  Do testing prior to painting, backfilling, 
insulating or concealment within building construction.  Trenches may be backfilled prior to pressure 
tests, but not before work has been visually inspected by the Owner.  If pressure tests indicate leaks in 
piping, it shall be the Contractor's responsibility to determine location of leaks, excavate as required, 
repair leaks, and backfill at his expense. 
 
Perform each test as specified hereinafter and continue or repeat until the lines under test are proven 
tight to the satisfaction of the Owner.  Furnish all materials, pumps, gauges, plugs, etc., required for 
tests.  Notify  the Engineer in advance of tests so he may witness same.  Sections of the system may be 
tested separately, but when so tested, any defect which may develop in a section already tested and 
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accepted shall be corrected and that section retested.  Devices or equipment which may be harmed by 
test pressures shall be removed or protected during tests.  After testing, test systems for complete drain-
ability by draining all water from piping using permanent caps, plugs, drain valves, etc.  Test building 
water piping at 100 psi for a minimum of 4 hours before it is witnessed by Engineer.  Final test system 
shall be performed at 100 psi for a minimum of 24 hours. 
 
 
PIPE AND VALVE IDENTIFICATION: 
 
Furnish and install flexible, permanent, color-coded, plastic-sheet pipe markers that comply with ANSI 
A13.1  on all  piping (including piping above lay-in ceiling) not to exceed 15' o.c. manufactured by Seton 
Products, MSI, or equal.  Provide directional arrows.  Verify verbage with Engineer, i.e., chilled water 
supply or return, hot water supply and return, etc.  Stencil-type spray-on pipe labels will not be accepted 
on this project. 

 
Furnish and install brass valve tags with 1/4" high letters identifying operation / maintenance of piping 
system. 
 
TEMPERATURE GAUGES: 
 
Thermometer shall be a dial type, minimum 4.5" diameter black on white dial, stainless case, variable 
angle mount, copper bulb, with magnifying glass cover.  Temperature range shall be 30°F to 240°F (-
10°C to 110°C) with a 1% scale range accuracy.  Approved manufacturers are Weiss, Trerice, Marsh 
Instruments, and Weksler. 
 
PRESSURE GAUGES: 
 
Pressure gauges shall have a minimum 4.5" diameter black on white dial, be stem-mounted, provided 
with stop locks, have a phosphor-bronze bourdon tube and a corrosion resistant brass movement with a 
1% scale range accuracy.  Pressure Range shall be selected by Engineer.  Approved manufacturers are 
Trerice, Weiss, and Marsh instruments. 
 
THERMOMETER WELLS: 
 
Provide thermometer wells constructed of brass or stainless steel, pressure rated to match piping 
system design pressure.  Provide 2” extension for insulated piping and cap nut with chain fastened 
permanently to thermometer well. 
 
HEAT TRACING: 
 
Furnish and install UL approved self-regulating heat tracing cable for freeze protection of all hydronic 
piping outside insulation envelope (unless system contains antifreeze solution).  The heat trace cable 
shall consist of two (2) 16 AWG nickel plated copper bus wires embedded parallel in a self-regulating 
polymer core that varies its power output in response to temperature along its entire length.  The heat 
trace jacket shall be a radiation cross linked polyoelefin dielectric rated at 300 VAC at 105°F with a VW-
1 flame resistance and shall have a outer braid of tinned copper for a ground path. 
 
Heat trace shall be installed in strict accordance with manufacturer’s instructions after pressure testing 
and immediately before pipe insulation.  The heat trace shall be resistance tested and connected to 
GFCI protected power by a licensed Electrician at the expense of the Contractor.  
 
Domestic water heat trace cable shall be Model HSX-A-120V manufactured by Thermon or equal by 
RayChem. 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 

Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division-1 Specification sections, apply to work of this section. 
 
PART 1 – GENERAL 
 
SUMMARY 

This Section includes pipe and fitting materials, joining methods and specialty items for the 
following: 

 
1. Chilled Water piping. 
2. Air control devices – air separators / expansion tanks 

 
REFERENCE DOCUMENTS 
 

A. ASTM F 2389-07 - Standard Specification for Pressure-rated Polypropylene (PP) Piping 
Systems 

B. CSA B137.11 - Polypropylene (PP-R) Pipe and Fittings for Pressure Applications 
C. NSF/ANSI 14 – Plastic Piping System Components and Related Materials 
D. DIN-DVS 2207-11 2017 – Welding thermoplastic materials – Heated element welding of 

pipes, piping parts and panels made of polypropylene 
 
DEFINITIONS 
 

A. Definitions shall be in accordance with local mechanical codes and ASTM F 2389. 
 
SUBMITTALS 
 

A. Material list naming each product to be used identified by manufacturer and product 
number, in accordance with Division 1. 

 
B. Warranty Information 

1. Submit documentation of 10-year warranty with coverage for parts, materials, 
labor, property damage, and personal injury. 

 
PERFORMANCE REQUIREMENTS 
 

A. Provide components and installation capable of producing hydronic piping systems with 
the following working-pressure ratings: 

1. Chilled Water Piping: 12 psig at 42 deg. F  
 
QUALITY ASSURANCE 
 

A. Material shall be certified by NSF International as complying with NSF 14, and ASTM F 
2389 or CSA B137.11. 

 
B. Material shall comply with manufacturer’s specifications. 

 
C. Special Engineered products shall be certified by NSF International as complying with NSF 

14.   
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D. Piping Installers: Installers of polypropylene piping shall be certified by the manufacturer of 
the pipes and fittings as having been trained and qualified to join polypropylene piping 
using fusion welding of the same type as specified in Drawings (socket). 

 
DELIVERY STORAGE AND HANDLING 

 
A. Inspect the pipe upon receipt to ensure that it has not been damaged during shipping. 

 
B. Damaged pipe should be cataloged and returned for replacement following distributor’s 

procedures for returns. 
 

C. Protect piping, valves, fittings, etc. before installation in accordance with manufacturer’s 
written instructions. 

 
D. Always store the pipe on a flat surface. When storing the pipe on racks or supports on the 

ground always have at least four supports, evenly spaced, under a 19-ft length. Place 
plywood on top of the supports to prevent warping. 

 
E. Piping shall be shipped from the factory with capped ends and stored on supports off the 

ground with ends covered at all times to prevent nesting of insects, birds, and other 
animals. Any pipe found to be without end-caps or not raised off of the ground should be 
cleaned by the contractor prior to installation. 

 
F. Protect piping from accumulation of dirt and debris in and around piping/components. 
 
G. If the pipe is removed from its bag, or the bag has been damaged do not store the pipe 

unprotected from UV rays (sunlight) for longer than six months. Pipe that is exposed to 
direct sunlight for longer than six months will not be covered under the warranty. 

 
H. Never place the forks of a forklift into the ends of the pipe. The interior of the pipe may be 

damaged and can cause it to crack. Handlers may use a padded rug ram inside the pipe 
or use a crane or lift to handle larger pipe. 

 
I. In cold weather, take extra care when handling the pipe. Cold temperatures reduce the 

pipe’s flexibility, making it more susceptible to impact damage. 
 
 
PART 2 – PRODUCTS 
 
PIPE AND PIPING PRODUCTS 
 

A. Pipe shall be manufactured from a PP-R or PP-RP(RCT) resin (Fusiolen) meeting the 
short-term properties and long-term strength requirements of ASTM F 2389 or CSA 
B137.11.  The pipe shall contain no rework or recycled materials except that generated in 
the manufacturer's own plant from resin of the same specification from the same raw 
material.  All pipe shall be made in an extrusion process.  All pipe shall comply with the 
rated pressure requirements of ASTM F 2389 or CSA B137.11. All pipe shall be certified 
by NSF International as complying with NSF 14, and ASTM F 2389 or CSA B137.11. 

 
B. Pipe shall be Aquatherm, Niron or equal. 

 
FITTINGS 
 

A. Fittings shall be manufactured from a PP-R resin (Fusiolen) meeting the short-term 
properties and long-term strength requirements of ASTM F 2389.  The fittings shall contain 
no rework or recycled materials except that generated in the manufacturer's own plant from 
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resin of the same specification from the same raw material.  All fittings shall be certified by 
NSF International as complying with NSF 14, and ASTM F 2389 or CSA B137.11. 

   
WARRANTY 
 

A. Manufacturer shall warrant pipe and fittings for 10 years to be free of defects in materials 
or manufacturing.  

 
B. Warranty shall cover labor and material costs of repairing and/or replacing defective 

materials and repairing any incidental damage caused by failure of the piping system due 
to defects in materials or manufacturing.  

 
C. Installers shall be trained and certified to install the pipe according to the manufacturer’s 

guidelines. Contact your local Aquatherm representative for training. 
 

D. Warranty shall be extended to prefabricated parts constructed by the manufacturer. 
 
POLYPROPYLENE VALVES 
 

A. Polypropylene Valves shall be manufactured in accordance with the manufacturer’s 
specifications and shall comply with the performance requirements of ASTM F 2389 or 
CSA B137.11.  The valves shall contain no rework or recycled thermoplastic materials 
except that generated in the manufacturer's own plant from resin of the same specification 
from the same raw material. 

 
 
SMOKE AND FIRE RATINGS  
 

A. Where indicated on the drawings that a Plenum-rated Piping System is needed, the pipe 
shall be wrapped and/or insulated with standard fiberglass or mineral wool pipe insulation, 
field installed, with bare fittings no closer than every 6 ft. of pipe.  The pipe wrap or 
insulation as a system shall meet the requirements of CAN/ULC-S102.2-03 or ASTM E84. 
The system shall have a Flame Spread Classification of less than 25 and Smoke 
Development rating of less than 50. 

 
 
PART 3 - EXECUTION 
 
PIPING APPLICATIONS 
 
Drawing plans, schematics, and diagrams indicate general location and arrangement of hydronic 
water piping.  Indicated locations and arrangements are used to size pipe and calculate friction 
loss, expansion, and other design considerations.  Install piping as indicated unless deviations to 
layout are approved prior to installation. 

 
A. Installers shall be trained and certified to install the pipe according to the manufacturer’s 

guidelines.  
 

B. Install listed pipe materials and joining methods below in the following applications: 
 

1. Aboveground:  Polypropylene (PP-R) or PP-RP(RCT) piping in SDR 7.4, 9, 11, or 
17.6 based on the required minimum pressure rating and use temperature, in 
accordance with manufacturer’s instructions and ASTM F2389. 
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C. Installation must be accomplished with the proper tools for installing piping following 
manufacturer’s instructions.  

 
D. Install hydronic piping level and plumb. 

 
E. Install piping indicated to be exposed and piping in equipment rooms and service areas at 

right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically 
indicated otherwise. 

 
FUSION WELDING OF JOINTS 
 

A. Install fittings and joints using socket-fusion, All fusion-weld joints shall be made in 
accordance with the pipe and fitting manufacturer’s specifications and product standards. 

 
B. Fusion-weld tooling, welding machines, and electrofusion devices shall be as specified by 

the pipe and fittings manufacturer. 
 

C. Prior to joining, the pipe and fittings shall be prepared in accordance with ASTM F 2389 
and the manufacturer’s specifications. 

 
D. Joint preparation, setting and alignment, fusion process, cooling times and working 

pressure shall be in accordance with the pipe and fitting manufacturer’s specifications. 
 

E. Data Loggers shall be used to log each joint made. Data logger shall record at least the 
date, time of day and person making each joint. Data logger shall also record the required 
pressure/leak test for manufacturer’s warranty. 

 
VALVE APPLICATIONS 
 

A. Install gate valves close to the main on each branch and riser serving 2 or more equipment 
connections and where indicated. 

 
B. Install gate or ball valves on the inlet to each equipment item and elsewhere as indicated. 

 
C. Install drain valve at the base of each riser, at low points of horizontal runs, and where 

required to drain hydronic piping system. 
 

D. Install swing check valve on the discharge side of each pump and elsewhere as indicated. 
 

E. Install ball valves in each circulating loop and the discharge side of each pump. 
 
HANGER AND SUPPORT INSTALLATION 

A. Comply with requirements for pipe hanger, support products, and installation as listed 
below and in accordance with the Hangars specification. 

1. Vertical Piping:  MSS Type 8 or 42, clamps. 

2. Individual, Straight, Horizontal Piping Runs: 

a) Adjustable, steel clevis hangers. 

b) Clamps on strut trapeze. 

c) Clamps on strut attached to structure. 
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d) Clamps attached directly to the structure. 
 

3. Base of Vertical Piping:  MSS Type 52, spring hangers. 

B. Support vertical piping and tubing at base and 10-ft. intervals or at each floor whichever is 
less. For piping 2” (63mm) or smaller, install mid-story guides. 

C. Install hangers and supports at intervals specified in the applicable Plumbing Code and/or 
as recommended by pipe manufacturer. 

D. Hangers and supports shall also be provided within 1-foot of every change of direction and 
within 1-foot of any pipe fittings and valves. 

E. Use care when installing riser clamps to not over tighten the clamps to cause indentation 
of the pipe. Riser clamps shall be isolated from the building structure by placing felt or 
rubber pads between the clamp, the pipe and the structure. 

F. All piping support materials shall be new and manufactured for the specific purpose of 
supporting systems, equipment, pipes and accessories. No improvised pipe support 
solutions shall be allowed. 

G. Piping systems shall not have direct contact with the building structure.  

EXPANSION AND CONTRACTION 

A. Provide expansion and contraction controls, guides and anchors to take into account the 
expansion and contraction of the pipe. Provide expansion loops or offsets as required and 
as indicated in the manufacturer’s literature.  

1. Install anchor points at least every 120 feet. 
2. Install expansion loop or offset between each anchor point. Expansion device must be 

able to absorb all the stresses between the two anchor points. Refer to manufacturer’s 
published instructions, formulas and calculations at www.aquatherm.com. 

3. Vertical risers shall be anchored at each floor. 
4. Provide anchor point at branch take-off in vertical riser of piping. 

 
PRESSURE/LEAK TESTING 

 
A. While still accessible all piping shall be pressure/leak tested to the   manufacturer’s 

standards.  
 

B. Tests shall be carried out using water, compressed air or a mixture of the two. The test 
pressure shall be as indicated in the pressure leak testing procedures required by the 
manufacturer.  

 
C. In the event that water is not available for testing it shall be permissible to use compressed 

air as a testing medium. Contact the engineering department of the manufacturer for 
guidance. Follow all precautionary procedures recommended by the piping manufacturer  

 
D. Any leaks detected shall be repaired at the contractor’s expense by removing the leaking 

part and replacing with new parts welded per the pipe manufacturer’s guidelines. See 
www.aquatherm.com for additional details and forms. 

 
 
INSPECTING AND CLEANING 
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A. The pipes shall be flushed with cold water after finishing the installation. Flush the system 

until the water runs clear of debris and dirt.  
 

B. Inspect and test piping systems following procedures of authorities having jurisdiction and 
as specified by the piping system manufacturer. 
 

 
END OF SECTION 

 



DIVISION 15B                                                               HEATING, VENTILATING, AND AIR CONDITIONING 
SECTION 15745                                                                                            WATER TREATMENT SYSTEMS 

 

8/26/2024 15745 - 1 
 

RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
Contractor shall be responsible flushing, cleaning, and purging of hydronic system piping and pre-
treatment of system with corrosion and deposit inhibitors plus microbiocide. 
 
System treatment shall be performed by a competent water treatment company. 
 
Provide a single two gallon chemical bypass feeder, ChemTreat no. 70600880 or Owner pre-approved 
equal by Dearborn or Calgon. 
 
SYSTEM FLUSHING & PRE-CLEANING: 
 
Clean and flush system before fan coil or air handler connection. After flushing system thoroughly, provide 
a written certification to Architect that the piping system is free of all dirt, trash, grease, oil, foreign objects, 
etc. 
 
Make fan coil or air handler connection and clean and re-flush system. 
 
Remove and clean all system strainers then replace. 
 
SYSTEM CLEANING & PRE-TREATMENT PROCEDURE: 
 
1. Check to verify the system has no leaks by whatever method is applicable (visual, hardness test of 

water from AHU condensate pans, dye, pressure monitoring, make up water meter readings, etc.). 
 
2. Check the PRV and make up bypass valve for proper operation.  Purge expansion tank and strainers 

to remove accumulated rust. 
 
3. Install ball valve on strainers. 
 
4. If the water is dirty: 

A. Drain and refill until the water clears.  Purge air. 
B. If the water remains dirty after circulation, or if the system must be cleaned while on line, start 

a running flush (bleed off while make up maintains system pressures) until the water clears.  
Make sure all control valves are cycled so the entire system is flushed. 

5. Add cleaners and inhibitors to the system.  
A. 5000ppm CT 30 Chill Water Systems (CT 23 may be substituted in hot water systems where 

there is a minimum of copper in the system. 
B. 200 ppm CL4123 
C. 200 ppm CL4400 
 

6. Circulate system for 8-24 hours.  During this time, blow down at all low points and deadlegs.  Cycle all 
control valves to make certain the entire system is cleaned.  Blow out and / or clean strainers as 
needed. 

 
7. If the entire system will completely drain by gravity, turn off system.  Drain and refill with clean water.  

Circulate water and start a running flush.  If the system will not completely drain by gravity, start a 
running flush.   
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8. Continue the running flush until samples collected prior to the make up point to meet the following 
requirements: 

A. The pH is less than 9.0. 
B. The water is clear. 
C. Iron content is <0.5 or as low as it will go (old systems will not normally be <0.5 after 

cleaning). 
9. Monitor the above parameters frequently.  If the iron content rises on two consecutive samples and the 

water is clear, consider the flushing as complete. 
 
10. Add the appropriate inhibitors: 
 A.  CL2871: 4500 ppm – chill water 
   6000 ppm – hot water 
 B.  NCL2150:   250 ppm – chill water 
     250 ppm – hot water (if water will not be >180 degrees F year round) 
 
11. Use and disposal of chemicals and cleaning solutions should comply with appropriate regulations. 
 
12. The system shall have a minimum of each of the following treatments: 
 A.  Molybdenum  300 ppm 
 B. Sodium Nitrite 300 ppm 
 C. Tolytriazole    20 ppm 
 
 
WARRANTY: 
 
Schedule water Treatment Company to take water test samples prior to 11 month warranty inspections.   
 
Make corrections and file report to Architect.  
 
   

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 

 
PART I - GENERAL 
 
Mechanical Contractor shall provide all equipment, labor, and accessories shown on drawings and 
specified in the following, required to install pumps with capacities as scheduled on the drawings. 
 
PART II - PRODUCTS 
 
BASE MOUNTED, FLEXIBLE COUPLED, END-SUCTION PUMPS: 

 
A.  Pumps shall be base mounted, single stage, end suction design with an integrally cast, foot 

mounted volute, capable of the impeller and bearing assembly being serviced without 
disturbing piping connections, pump volute or motor. The pump and motor shall be mounted 
on a common base plate of heavy structural steel design and securely welded cross 
members and open grouting area. 

 
B.  The impeller shall be bronze enclosed, single suction type, dynamically balanced, keyed to 

the shaft.  The allowable residual unbalance in the impeller rotating assembly shall conform 
to ANSI Grade G6.3. 

 
C.  The liquid cavity shall be sealed off by an internally flushed mechanical seal with ceramic seat 

of 99.5% pure alumina oxide and hardness of 68 Rockwell C, or a tensile strength of 300,000 
PSI, and carbon seal ring, suitable for continuous operation at 225 degrees F.  The seals and 
bearings shall be capable of being serviced without disconnecting the pump from piping or 
disturbing the volute or motor to maintain original alignment.  A replaceable bronze shaft 
sleeve shall completely cover the wetted area of the shaft under the seal.  A stuffing box 
mechanical seal design with longer span between the impeller centerline and first bearing will 
not be allowed. 

 
D.  The pump casing shall be of Class 30 cast iron with integrally-cast pedestal support feet, 

suitable for 175 PSI working pressure.  The pump volute shall be supplied with plugged vent, 
drain, and gauge tappings. 

 
E.  The pump bearings shall be regreaseable ball bearing type with provision for purging or 

flushing through the bearing surface. 
 
F.  A flexible type, spacer design coupler, capable of absorbing torsional vibration, shall be 

employed between the pump and motor.  Coupler shall be shielded by an OSHA coupler 
guard securely fastened to the base. 

 
G.  Motor shall meet EPACT 92 requirements and NEMA specifications and shall be the size, 

voltage and enclosure called for on the plans.  Pump and motor shall be factory aligned and 
shall be realigned by mechanical contractor or by an alignment service contractor to factory 
recommendation. 

 
H. Pumps shall be capable of withstanding a horizontal load of 0.5 G without adversely affecting 

pump operation.  Pumps used in chilled water applications shall have galvanized drip pans. 
 
I. Base-mounted end-suction pumps shall be Bell and Gossett 1510 series, Taco FM series, or 

Armstrong 4030 series. 
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IN-LINE PUMPS: 
 
In-line pumps shall be type for installation in vertical or horizontal piping.  Pump must be capable of being 
serviced without disturbing piping connections. 
 
Pump body shall be class 30 cast iron, rated 175 psi working pressure, with gauge ports at nozzles, and 
with vent and drain ports.  Impeller shall be cast bronze, enclosed type, dynamically balanced, keyed to 
the shaft and secured by a locking capscrew or nut.  The liquid cavity shall be sealed off at the motor shaft 
by an internally-flushed mechanical seal with ceramic seal seat, and carbon seal ring, suitable for 
continuous operation at 225° F.  A non-ferrous shaft sleeve shall completely cover the wetted area under 
the seal.  Pump bearing bracket shall have oil lubricated bronze journal and thrust bearings.  Bracket shaft 
shall be alloy steel having ground and hardened thrust bearing faces.  A flexible coupling to dampen 
starting torque and torsional vibrations shall be employed.  Motor shall meet NEMA specifications and 
shall be the size, voltage and enclosure called for on the plans.  Each pump shall be factory tested. It shall 
then be thoroughly cleaned and painted with at least one coat of high-grade machinery enamel prior to 
shipment.   
 
Pumps shall be capable of being serviced without disturbing piping connections.  Pumps shall be rated for 
a minimum of 175 psig working pressure. 
 
Horizontal in-line pump shall be Series 60 as manufactured by Bell and Gossett, or Taco 1600 or VL 
series, or Armstrong 4300 series. 

 
TRIPLE DUTY VALVES: 
 
Furnish and install triple duty valve at system pump designed to perform the functions of a non-slam check 
valve, throttling valve, shut-off valve and calibrated balancing valve.  The valve shall be fitted with a bronze 
seat, replaceable bronze disc with EPDM seat insert, stainless steel stem and “chatter-preventing” 
stainless ‘S’ spring.  The valve design shall permit repacking under full system pressure. 
 
The triple duty valve shall be designed for quiet operation. The triple duty valve shall have a non-slam 
check valve with spring-loaded weighted disc. The unit shall have a calibrated adjustment (multiple turns) 
for regulation of pump flow. The adjustment shall have "set-memory" position.  The unit shall have positive 
shut-off for servicing the pump.  Valve shall be sized equal to pipe branch connection. 

The unit shall have gauge tappings at suction and discharge flanges for flow/pressure drop readings using 
read-out kit.  The valve shall be constructed with the body of cast iron, disk and seat of bronze, stem and 
spring of stainless steel, and the packing of teflon-asbestos.  The valve shall be designed to permit 
repacking while under full line pressure.  The valve shall be suitable for 175 psi working pressure. 
 
The valve shall be Bell & Gossett Model No. 3Ds-3S Triple Duty Valve, or Taco Multipurpose Valve or 
approved equal by Thrush. 
 
SUCTION DIFFUSERS 

Units shall consist of angle type body with inlet vanes in two planes to assure uniform flow. Units shall 
have a combination diffuser-strainer-orifice cylinder with 3/16" diameter openings for pump protection. A 
permanent magnet shall be located within the flow stream and shall be removable for cleaning.  The orifice 
cylinder shall be equipped with a disposable fine mesh strainer which shall be removed after system start-
up. Orifice cylinder shall be designed to withstand pressure differential equal to pump shutoff head and 
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shall have a free area equal to five times cross section area of pump suction opening. Vane length shall be 
no less than 2 1/2 times the pump connection diameter. Unit shall be provided with pressure gauge 
tappings to check strainer condition. Unit shall be suitable for 175 psi working pressure.  Unit shall be 
provided with strainer blow-down connection for routine maintenance. 
 
 
BRAIDED FLEXIBLE PUMP CONNECTORS: 

 
Braided flexible metal pump connectors shall be provided on suction and discharge sides of all pumps to 
absorb vibration, minimize stress and reduce noise. 

 
Flexible metal hose shall be annular, closed pitch hose of 321 stainless steel with 304 stainless steel braid 
shall be standard.  Hose wall thickness for maximum strength and reliability shall be a minimum of .017” 
for connectors under 1-1/2” and a minimum of .020” for connectors 2” and above.  Braid coverage shall be 
a minimum of 90% to insure maximum operating pressure and an extended cycle life. Pump connector 
shall have a maximum operating temperature of 1000 degrees Fahrenheit and be able to handle 1/8” 
misalignment. 

 
AIR & SEDIMENT REMOVAL SEPARATOR 

   The unit shall be capable of air separation and elimination. 
 
The unit shall have tangential inlet and outlet connections to create a low velocity vortex where air and 
sediments are separated. 
 
The unit shall have a solid separation efficiency of 98% of 200 mesh sand and water solution, and be 
capable of heavier-than-water, undissolved sediment separation of at least 40 microns. Vessel shell 
diameter is to be three times the nominal inlet/outlet pipe diameter. 
 
The air separator must be designed, constructed and stamped for 125 psig at 350 degrees F, in 
accordance with Section VII, Division 1 of the ASME Boiler and Pressure Vessel Code, and registered with 
the National Board of Boiler and Pressure Vessel Inspectors. 
 
EXPANSION TANKS: 
 
Furnish and install pre-charged vertical (and horizontal under ice storage alternate) steel expansion tanks 
as detailed on drawings.  
 
The bladder Tank shall be pre-charged, vertical steel expansion tank with replaceable, heavy-duty Butyl 
rubber bladder. The tank shall have 1½" NPT system connection, a ¾" NPT drain, and a .302"-32 charging 
valve connection (standard tire valve) to facilitate the on-site charging of the tank to meet system 
requirements.  The tank must be constructed in accordance with Section VIII of the ASME Boiler and 
Pressure Vessel Code and stamped for 125 psi working pressure. Maximum operating temperature rating 
shall be 240 degrees Fahrenheit.  Tank shall be an ITT Bell & Gossett Series "B" or approved equal. 
 
PART III - EXECUTION 
 
INSTALLATION: 
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A. Install pumps in strict accordance with manufacturer’s published instruction manual.  Drawings 
indicate only general arrangement of piping, fittings, and specialties 

B. Piping installation requirements are specified in other Division 15 Sections. 
C. Install pumps to provide access for periodic maintenance, including removing motors, impellers, 

couplings, and accessories.  
D. The contractor shall level and grout each unit according to the manufacturer's instructions before 

alignment and start up.  Level pump by placing shims under frame as required.  Inject non-
shrinking grout inside pump base and grout shims. 

E. Support pumps and piping separately so piping is not supported by pumps.  
F. Install shutoff and check valves on inlet of pressure-operated units.  
G. Install inlet strainer and valved bypass to drain at system return connection. 
H. Pull and trim the pump impeller after a proportional balance has been done by the balance 

contractor.  Hydronic systems shall be balanced in a manner to first minimize throttling losses; 
then the pump impeller shall be trimmed.  A balance report from the installer shall be furnished to 
the Engineer and a copy included in the operating and maintenance manual. 

I. Electrical power and control wiring, and connections are specified in Division 16 Sections. Install 
electrical connections for power, controls, and devices.  Ground equipment.  

 
 

PART IV: COMMISIONING 
 
Schedule service of factory trained representative for a period of one day to supervise testing, start-up, and 
instruction on operation and maintenance to Owner. 
 
Pump manufacturer representative shall verify proper sleeve coupler parallel and angular alignment, record 
suction and discharge pressure, record amperage draw of motor, and complete name plate data of pump 
and motor. 
 
 
PART V: WARRANTY 
 
Manufacturer shall guarantee the system as installed to be free from manufacturing defects for a period of 
one year from startup not to exceed eighteen months from shipping to job site under normal use. 
 
 
 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
DUCTWORK: 
 
Material and thickness:  Ducts shall be rectangular and fabricated of prime quality, re-squared, tight-coat-
galvanized, steel sheets.  All duct construction shall equal or exceed SMACNA "'Low Pressure Duct 
Construction Standards", or SMACNA "High Pressure Duct Construction Standards", depending on 
system pressure.  
 
DUCT CONSTRUCTION:  
 
All ductwork shall be fabricated from prime, number one grade galvanized sheet metal conforming to 
ASTM A-924-94, G-90.  Gauges for duct sizes shall be minimum as follows: 
  
 Low Pressure, <1” ESP 
 26 Ga.        Up to 30 inches 
 24 Ga.        Up to 40 inches 
 22 Ga.        Up to 54 inches 

 
Medium Pressure, <2” ESP 
26 Ga.        Up to 26 inches 
24 Ga.        Up to 30 inches 
22 Ga.        Up to 36 inches 

 20 Ga.        Up to 96 inches 20 Ga.        Up to 84 inches
 
Standard flat slips and drives shall be used on ductwork with long dimensions not exceeding 18".  On 
ductwork over 18" standing S cleats, Ductmate angles or equivalent reinforcing shall be used. 
 
Ducts shall have supplemental stiffening as required to prevent drumming and to provide a structurally 
sound assembly.  All ducts except those to which rigid board type insulation is to be applied shall have all 
sides cross-broken.  All duct dimensions shown on drawings are "inside clear". The sizes of acoustically 
lined ducts shall be increased accordingly. Ducts shall be smooth on inside.  
 
Fabricate all ductwork to prevent seams or joints being cut for installation of grilles, diffusers, or registers.   
All duct joints and seams shall be fabricated and installed with joints and seams made air tight.  
 
SPIRAL DUCT: 
 
Where round duct is indicated on the drawings by diameter, provide spiral duct constructed in 
accordance with ASHRAE and SMACNA standards, and G-60 galvanized steel meeting ASTM A-517. 
Duct fittings shall be of welded seam construction, and male fitting slip connection shall be a minimum of 
2” from bead to end. 
 
Where exposed duct is detailed on the drawings, provide superior fabrication grade double wall insulated 
spiral duct with 1” thick insulation meeting NFPA 90A flamespread requirements, welds ground smooth, 
paintable galvanized steel, perforated liner, and paintable flanged type gasketed duct connection fittings.  
 
Spiral pipe shall be manufactured by United McGill, Hamlin Sheetmetal, Lindab, or Spiral Pipe of Texas.     
 
HANGING DUCTS: 
 
Support ducts from building structure in accordance with SMACNA "Low Pressure Duct Construction 
Standards", or SMACNA "High Pressure Duct Construction Standards", depending on system pressure.  
 
OBSTRUCTIONS AND RESTRICTIONS: 
 
Where possible, avoid locating any pipe, wire, structural member or other obstruction inside of duct.  
Take particular care to avoid obstructions in elbows. Where obstruction cannot be avoided, the rules 
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specified by SMACNA "Low Pressure Duct Construction Standards", or SMACNA "High Pressure Duct 
Construction Standards", depending on system pressure, shall apply. Where ducts pass through non-
rated walls, protect ducts and/or insulation from contact with wall by .5 inch filler of noncombustible 
material and flange perimeter of wall opening with sheet metal.  
 
CHANGE IN DUCT SHAPE & DIRECTION: 
 
Where the area at the end of the transformation results in an increase in area from the beginning of the 
transformation, the slope of the transformation shall meet SMACNA "Low Pressure Duct Construction 
Standards", or SMACNA "High Pressure Duct Construction Standards", depending on system pressure.  
 
In general, keep changes in direction and changes in shape to minimum permitted by distribution 
requirements and building conditions. Make turns with ells, as conditions necessitate, in accordance with 
SMACNA "'Low Pressure Duct Construction Standards", or SMACNA "High Pressure Duct Construction 
Standards", depending on system pressure. 
  
SPLITTERS AND/OR HAND DAMPERS: 
 
Provide splitters or butterfly dampers for adjustment of distribution to respective branches where 
indicated on drawings and elsewhere as required to properly balance system.  Dampers shall meet 
SMACNA "Low Pressure Duct Construction Standards", or SMACNA "High Pressure Duct Construction 
Standards", depending on system pressure.  
 
DEFLECTORS: 
 
Provide deflectors at all branch take-offs, and elsewhere as required.  Fabricate of galvanized steel sheet 
of same thickness as used in ductwork of corresponding size.  Securely anchor vanes to duct or casing, 
and brace free-standing edges as specified for turning vanes in elbows.  
 
ACCESS DOORS: 
 
Provide access doors of suitable size where required to service equipment. Fabricate doors of 24 U. S.  
Gauge galvanized steel hinged to a 24 gauge galvanized mounting frame, and provide with fastening 
devices to give tight closure on felt gasket. Doors for insulated duct shall be double panel construction 
with 1" rigid insulation material between metal panels.  
 
ACCESS PANELS: 
 
Construct access panels as specified for access doors, and provide at all locations where any operable 
device occurs inside ducts, i.e., dampers, controls, filters, louvers, fire dampers, etc.  
 
SPECIALTIES: 
 
Where drawings or specifications require that ducts be insulated, make provision for neat insulation finish 
around damper operating quadrants, splitter adjusting clamps, access doors and similar operating 
devices. A metal collar equivalent in depth to insulation thickness (and of suitable size to which insulation 
may be finished) shall be mounted on duct. Insulation on duct shall extend continuously through walls, 
etc.  
 
Provide extension collars for outlets, air guide vanes, and other specialties where they occur in the ducts.  
 
DUCT SILENCER: 
 
Provide pre-fabricated sound attenuating duct silencers where indicated on the drawings constructed of 
minimum 22 ga. galvanized casing metal, perforated metal inner liner with aerodynamic leading & trailing 
edges constructed in accordance with ASTM E84 for flame & combustion retardancy.  Attenuation data 
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shall be provided with submittal.  Pressure drop shall not exceed 0.75” w.g. Approved manufacturers are 
Rink Sound Control and United McGill. 
 
 
 
AIR DISTRIBUTION DEVICES: 
 
Diffusers, registers, and grilles shall be installed indicated or implied on drawings.  All ceiling diffusers 
and grilles shall be designed to minimize ceiling and/or wall discoloration, and shall be model and finish 
as indicated on drawings. Air distribution manufacturer and Contractor shall be jointly responsible for and 
certify delivery or exhaust. (See Testing Section for duct system.)  
 
Items scheduled on the drawings are used for design purposes.  Similar units as manufactured by Nailor 
Industries, Titus, Krueger, Price and Metal*Aire shall be considered equal.  Maximum dba shall be 30.  If 
indicated on the drawings, supply and return grilles shall be equipped with volume dampers of the 
opposed blade type.  The dampers are to be adjustable from the face.   All grilles, registers and diffusers 
shall have white baked enamel finish, unless indicated otherwise. 
 
DAMPERS: 
 
Balancing dampers shall be installed at each branch run to allow for proper balance of the system.  Each 
damper shall be supplied with a quadrant locking device which extends beyond the ductwork for external 
adjustment. 
 
FIRE DAMPERS: See Section 15825 
 
FLEXIBLE CONNECTIONS: 
 
For low velocity duct work (less than 2400 FPM), provide flexible connections at inlet and outlet of each 
fan connected to ductwork and elsewhere as indicated. Flexible connections shall be 6 inches wide, 
waterproof and fireproof, and shall be 24 gauge Metaledge Ventfab, as manufactured by Ventfabrics, Inc.  
 
DUCT SEALANT: 
 
Prior to insulating, all duct joints (except gasketed joints), seams and connections shall be sealed with 
brush-on type water-based sealant equal to United-McGill Duct Sealant.  Apply in accordance to 
manufacturer's instructions and / or recommendations. 
 
CLEANING DUCT SYSTEM: 
 
Upon complete installation of ducts, clean entire system of rubbish, plaster, dirt, etc., before installing any 
outlets. After installation of outlets and connections to fans are made, blow out entire systems with all 
control devices wide open.  
 
DUCTWORK INSULATION:  See Section 15500, Mechanical Insulation 
 
DUCT LINER: Removed. Not allowed on this job. 
 
FLEXIBLE DUCTS: 
 
Flexible ducts shall be not less than 3’ or greater than 8' long of flexible air duct with a sum total of 90° 
maximum of bends. Flexible duct shall be UL 181 insulated Class 1 rated for medium pressure 
applications (up to 8” w.g.).  Flexible duct shall be ATCO Rubber Products no UPC-018 or as 
manufactured Owens Corning or approved equivalent.  Flexible duct shall meet all requirements of NFPA 
No.  90A. Duct shall be complete with 1.25" Type B factory applied insulation.   Make connection to metal 
duct take-off with (2) nylon straps over tape. 
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END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
PART I:  GENERAL 
 
SCOPE:   
 
Provide all plant, labor, materials, accessories, and equipment required to install the fire dampers as shown 
on the accompanying plans and specified in this document. 
 
WORK INCLUDED:   
 

a.  Fire & smoke dampers 
b.  Fuse links 
c.  Access doors 

 
PART II:  PRODUCTS 
 
Furnish fire dampers as shown on the drawings as required by the North Carolina State Building Code. 
 
FIRE DAMPERS: 
 
Fire dampers shall have the following characteristics: 
 

a.  Fire dampers shall be constructed in accordance with NFPA Bulletin No. 90A, and shall be labeled 
and listed by Underwriter’s Laboratories for the purpose for which they are being used.   They 
shall have fusible links, spring locks, and shall be so arranged that air flow will hold blades closed. 

b.  The fire dampers shall be Type B with the opened damper out of the air stream and not restrict 
free area. 

c.  Location and type of fire dampers are shown on the drawings. 
d.  Dampers mounted horizontally shall be equipped with spring loading for closure. 
e.  Fusible Link shall be rated at 165° F 

 
Fire dampers shall be equal to those manufactured by Ruskin.  Access doors shall be insulated sheet metal 
equal to those manufactured by Ventfabrics.  
 
ACCESS DOOR: 
 
See section 15800. 
 
PART III:  EXECUTION 
 
Install fire dampers in accordance with SMACNA requirements and manufacturer’s instructions. 
 
Provide access doors for purpose of resetting fire linkages in the ductwork and, where needed, in the 
building walls, floors or ceilings.  Lay-in ceilings do not require access doors. 
 

 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
PART I:  GENERAL 
 
Provide all labor, materials, accessories, and equipment required to furnish and install louvers as shown on 
the accompanying plans and specified in this document. 
 
PART II:  PRODUCTS 
 
STATIONARY LOUVERS: 
 
Louvers shall have the following features: 
 

a.  The unit shall have a rain proof exterior with a built-in backdraft damper ( for exhaust applications) 

b.  The blades shall be constructed of not lighter than 14 gauge 6063T5 extruded aluminum @ 3” o.c. 

c.  Frame shall be constructed of not lighter than 12 gauge extruded aluminum. 

d.  Provide blade edge of vinyl or rubber to give minimum leakage shall be 1 cfm/ft2 at 1/2” SP. 

e.  Furnish extended sill and insect screen  

f.  Finish shall be Kynar 500 with 20 year warranty or approved equal – custom color(s) selected by 
Architect 

 
Louvers shall be manufactured by Ruskin, Air Balance, Vent Products, Cesco or Reliable. 

 
Submit (3) color samples for approval by the Architect. 
 
PART III:  EXECUTION 
 
Install in accordance with SMACNA requirements. 
 
 
 
 

END OF SECTION 
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GENERAL: 
 
Furnish and install fan coil (FC or FCU) with type, size, and capacity as indicated on plans.  Protect coil from 
construction dust and debris before project closeout with temporary disposable filters at unit and at return grille.   
 
FC’s shall be completely factory assembled including water coil, condensate drain pan, fan motor, filters and 
controls in an insulated casing in a vertical configuration.  Units shall be rated and tested in accordance with 
ARI standard 210.  Units shall be UL listed and labeled in accordance with UL 1995 for indoor blower coil units. 
 
Vertical fan coil units shall have ducted side return air entry option as detailed on the drawings.  Filters shall be 
accessible from side coil access panels.  Provide 1 year supply of air filters as specified. 
 
CABINET/BLOWER: 
 
Unit casing shall be constructed of zinc coated, heavy gauge galvanized steel.  Exterior surfaces shall be 
cleaned, and phosphatized, painted finish is optional.  Casing is completely insulated with fire-retardant, 
permanent, odorless glass fiber material.  Knockouts shall be provided for unit electrical power, water and/or 
refrigerant piping connections.  Captive screws shall be standard on all access panels.  Provide mounting 
subbase for vertical floor mount configurations.  Subbase shall be constructed of heavy gauge, zinc coated 
galvanized steel with finish to match air handler unit. 
 
Evaporator fan shall be a double inlet, double width, forward curved, centrifugal-type fan(s) with belt drive shall 
be standard.  Thermal overload protection shall be standard on motor.  Fan and motor bearings shall be 
permanently lubricated.  Motor efficiency shall comply with NCSBC Volume X Energy Code. 
 
WATER COILS: 
 
Water coils shall be specifically designed and circuited for application.  Provide 2-row heating coil and four or 
six row chilled water coil to meet deign loads.  Finned coil surface shall consist of aluminum plate fins securely 
bonded to seamless copper tubing.  Coils shall be designed to allow drainage, designed for 150 psig working 
pressure, and tested at 350 psig.   
 
Unit Drain pan shall be of corrosive resistant construction and have positive slope toward the drain. Provide and 
install a secondary overflow drain pan for each unit that is installed above a ceiling or on a mechanical platform. 
Install a float switch that will shut down the air handler and close the chilled water control valve upon activation. 
See control diagram and sequence of operation. 

 
MANUFACTURER: 
 
Units manufactured by Trane, First Co., or Magic*Aire are acceptable provided all specifications are met or 
exceeded. 
 
VIBRATION ISOLATION: 
 
Provide all equipment with vibration isolation bases equal to Vibration Mounting and Controls, Inc. (VMC), and 
shall be installed in strict accordance with manufacturer's instructions. Provide neoprene-in-shear mounts, VMC 
no. R-2 or approved equal, rated for load. Arrangement shall be in accordance with applicable details on 
drawings.  
 
FLOAT SWITCH: 
Provide a float switch in an auxiliary drain pan under each unit. Float switch shall secure tightly to drain pan with 
set screws. Clips are not acceptable. Provide Diversitech Model CC-1 or equal. 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
Furnish and install centrifugal exhaust fans, as specified herein, of sizes and capacities scheduled and in 
locations shown on drawings.   
 
GENERAL: 
 
Wall and roof exhaust fans shall be of the centrifugal, direct-drive type unless noted otherwise on plans.  
Construction of the fan housing shall be of heavy gauge aluminum.  All spun parts shall have a rolled bead 
for added rigidity and shall be specially spun so as to seal the pores of the aluminum providing greater 
resistance against oxidation and deterioration. 
 
The fan wheel shall be all-aluminum of the centrifugal blower type featuring backward inclined blades and 
a tapered inlet shroud.  Wheels shall be statically and dynamically balanced.  Inlet cone shall be aluminum 
and of the centrifugal blower type.  Motor and drives shall be enclosed in weather-tight compartment, 
separate from the exhaust air stream.  Air for cooling the motor shall be supplied to the motor 
compartment by way of an air passage, from an area free of contaminated exhaust fumes.  Motor shall be 
of the heavy duty, permanently lubricated, sealed ball bearing type. 
 
The entire drive assembly and wheel shall be removable, as a complete unit from the support structure 
without disassembling the external fan housing.  The complete drive assembly shall be mounted on rubber 
vibration isolation.  Units shall be of Type B construction and shall carry a one year warranty.  Fans shall 
be licensed to bear the AMCA ratings seal for air sound performance. 
 
Acceptable manufacturers are Greenheck, Penn, Cook, Carnes, and Acme. 
 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
GENERAL: 
 
Furnish and install 1 year supply of 1” air filters disposable air filters in all fan coils and 2” for air handlers.  
One year supply consists of four (4) sets for 60 day replacement cycle and does not include first sets installed 
during start-up and replacement prior to Owner acceptance of building. 
 
Provide an air filter replacement schedule indicating size and quantity for each HVAC unit with submittal for 
approval. 
 
Air filters shall be medium efficiency, pleated, disposable type. Each filter shall consist of cotton and synthetic 
media, media support grid, and enclosing frame. The filter shall be listed and identified on the frame as 
Underwriters' Laboratories Class 2.  
 
Filter shall have not less than 2.3 square feet of media per square foot of filter face area and not less than 16 
pleats per linear foot of filter face area. A 96% open area media support grid of welded wire construction, 
coated with rust inhibitor shall be bonded to the air exiting side of the filter. The enclosing frame shall be of 
high wet-strength beverage board with diagonal support members bonded to the air entering and air exiting 
side of each pleat. The inside periphery of the enclosing frame shall be bonded to the filter pack. 
 
Filter shall have an average efficiency of 25-30%, and an average arrestance of not less than 90% in 
accordance with ASHRAE Standard 52.1-1992. The minimum MERV when tested under ASHRAE 52.2 shall 
be no less than MERV 7. Initial resistance at 375 feet per minute approach velocity shall not exceed 0.28” iwc 
 
A test report corresponding to each of the aforementioned ASHRAE Standards are required submittals. 
 
MANUFACTURER: 
 
Filters shall be Farr 30/30. 
 
Units manufactured by Flanders and American Air Filter are acceptable provided all specifications are met or 
exceeded. 
 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 

PART 1 - GENERAL 
1.1. APPLICABLE SECTIONS 

A. 15900 BAS Sensors and Devices 
1.2. RELATED DOCUMENTS 

A. The Contract Drawings are directly applicable to this Section, and this Section is directly 
applicable to them. 

B. The general provisions of the Contract, including General and Supplementary Conditions 
and/or Division 01 Specification Sections, are directly applicable to this Section, and this 
Section is directly applicable to them. 

C. Specifications throughout all Divisions of the Project Manual are directly applicable to this 
Section, and this Section is directly applicable to them. 

D. Collectively, these items will be referred to as the Contract Documents. 
1.3. DEFINITIONS AND ABBREVIATIONS 

A. Where definitions in Division 01 conflict with the definitions herein, Contractor will comply with 
the most stringent requirement. 

B. BAS Component: a generic reference to any hardware component which is provided by 
Contractor, including but not limited to controllers, power supplies, transformers, relays, 
actuators, sensors, or other devices. 

C. Building Automation System (BAS): Also referred to as Building Management System (BMS), 
Direct Digital Control (DDC). 

D. Building Controller: Controller, which is at, and controlling at, the building-level. Could also be 
a large portion of a building, such as a wing, depending on hardware capability. Generally, 
are the middle tier of the overall BAS network, and report up to a Building or Enterprise 
Supervisor. Also, generally what Device Controllers would be integrated with. See Section 
2.5 System Architecture for full definition and specification. 

E. Building-Level Network (BLN): An ethernet, fiber, and/or wireless network dedicated to the 
BAS, which connects Building Controllers and Building Supervisors. The BLN may be a 
separate network from Owner’s LAN, or as part of the LAN, which has been segmented to be 
used exclusively by the BAS. See Section 2.5 System Architecture for full definition and 
specification. 

F. Building Supervisor: Server, which is at, and controlling at, the building-level. Generally used 
when Building Controllers do not have sufficient hardware capability to support an entire 
building. Generally, are the middle tier of the overall BAS network, and installed on a Server 
in lieu of being a stand-alone piece of hardware. Also, generally what Building Controllers 
would be integrated with. Building Supervisors may be further integrated to an Enterprise 
Supervisor. See Section 2.5 System Architecture for full definition and specification. 

G. Controller: A generic reference to a BAS Controller, including but not limited to Device 
Controllers and Building Controllers. 

H. Contract Documents: All documents which compose the project, including but not limited to 
drawings, specifications, RFPs, scope of work, general conditions, and supplemental 
conditions. 
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I. Control Panels: an assembly composed of an enclosure and one or more BAS 
Component(s). 

J. Critical: A special area or zone which receives specialized BAS Components.  
K. Device Controller: Also referred to as Field-Level Controller. Controller, which is at, and 

controlling at, at the device-level. Device in this instance is understood to reference MEP 
Equipment. Generally, are the lowest tier of the overall BAS network, and report up to a 
Building Controller. See Section 2.5 System Architecture for full definition and specification. 

L. Device-Level Network (DLN): A copper, ethernet, fiber, and/or wireless network dedicated to 
the BAS, which connects Device Controllers and Building Controllers. See Section 2.5 
System Architecture for full definition and specification. 

M. Enterprise Supervisor: Server, which is at, and controlling at, the enterprise-level. Generally, 
are the highest tier of the overall BAS network, and installed on a server in lieu of being a 
stand-alone piece of hardware. Also, generally what Building Controllers and/or Supervisors 
would be integrated with. See Section 2.5 System Architecture for full definition and 
specification. 

N. Field-Level: See Device Controllers and Device-Level Network. 
O. Furnish: To supply and deliver to project site, ready for installation.  
P. Install: To place in position for service or use. 
Q. Local Area Network (LAN): Ethernet, fiber, and/or wireless network which connects 

computers and other networkable devices (printers, etc.), and has a connection to the WAN. 
See Section 2.5 System Architecture for full definition and specification. 

R. Manufacturer: The brand of the BAS being provided (ex: Distech, Honeywell, etc). 
S. MEP: Mechanical, electrical, and plumbing. 
T. MEP Equipment: Where MEP Equipment is used, it is understood to mean any piece of MEP 

Equipment which the BAS will in some way, shape, or form, interface with, via hardwired 
connection or integration. MEP Equipment includes, but is not limited to VAV, AHU, RTU, 
split systems, hot water heaters, heat exchangers, boilers, chillers, and pumps. 

U. MSI: Master Systems Integrator: see MSI section for full definition and specification. 
V. Owner: The financial provider and user of the BAS, as well as Owner Representatives. 
W. Owner Representatives: Representatives for the Owner which are on staff, contracted, or 

hired to protect the interests of the Owner, such as Engineers, Architects, Commissioning 
Agents, and other parties. 

X. Project: The facility/building as defined in the Contract Documents. 
Y. Server: A computer inwhich BAS software is installed on. 
Z. Sequence of Operation: The steps that MEP Equipment takes to achieve the desired 

operation to provide optimal comfort and/or ventilation for the Project. 
AA. Substantial Completion: Written authorization by the Owner that the project has reached a 

point of completion that it can be utilized. 
BB. Supervisor: A generic reference to a BAS Supervisor, including but not limited to Building 

Supervisors and Enterprise Supervisors.  
CC. Provide: To furnish and install, complete and ready for intended use. 
DD. Vendor: The installer, integrator, and/or contractor for the BAS being provided. 
EE. Wide Area Network (WAN): Ethernet and/or fiber-based network which connects multiple 

facilities via the internet. See Section 2.5 System Architecture for full definition and 
specification. 
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FF. Warranty Period: The time between Substantial Completion and the duration of Warranty, as 
specified. 

1.4. GENERAL SPECIFICATIONS 
A. Contractor shall provide all hardware, software, configuration, programming, graphics (GUI), 

checkout, alarms, trending, functional testing, and commissioning necessary to provide a 
complete and fully functioning BAS. Contractor shall include all hardware, control wiring, 
wiring accessories, wiring connections, software, and programming not specifically itemized 
in these Specifications, which is necessary to implement, maintain, operate, and diagnose 
the system, now and in the future. 
1. Provide all necessary BAS Components on each piece of MEP Equipment to: 

a. Perform the specified Sequence of Operation and meet the design/performance 
intent of the MEP Equipment. 

b. Comply with BAS Components as shown on the control diagrams. 
c. Comply with the point lists. 
d. Comply with the Specifications herein. 
e. Comply with the design intent of the BAS. 

2. Where the Sequence of Operation, control diagrams, points list, or specifications conflict 
with each other, Contractor will comply with the most stringent requirement. 

B. It is Contractor’s responsibility to review all the Contract Documents and report any 
discrepancies to Owner. 

C. Substitutions 
1. Wherever the words “approved equal,” “for review,” or “for acceptance” are used in 

regard to manufactured specialties, or wherever it is desired to substitute a different 
make or type of BAS Component for that specified, submit all information pertinent to the 
adequacy and adaptability of the proposed BAS Component to Owner and secure their 
approval before the BAS Component is ordered. 

D. Warranty 
1. Warranty period shall be for 24 months after project construction closeout and owner’s 

receipt of the Certificate of Occupancy. The entire BAS and all ancillary equipment 
required for its operation shall be free from defects in workmanship and material under 
normal use and service. If within the twenty-four months from the date of 
acceptance/occupancy the installed equipment is found to be defective in operation, 
workmanship or materials, Contractor shall replace, repair, or adjust the defect at no cost 
to Owner. 

2. Corrective software and/or hardware modifications made during warranty service periods 
shall be updated on all user documentation and on user and manufacturer archived 
software disks. 
a. Modifications made which are corrective to one piece of MEP Equipment will be 

replicated to all MEP Equipment for consistency in programming. 
b. User documentation will be updated in all locations, including but not limited to hard 

copies, Control Panel hard copies, O&Ms, and PDF copies accessible via download 
inside the BAS system. 

c. Maintain revision control (i.e., v1_05) to indicate which is the latest version of all 
documentation, software, and programming. 

3. Owner reserves the right to make changes to the BAS during the Warranty Period. Such 
changes do not constitute a waiver of warranty. Contractor shall warrant parts and 
installation work regardless of any changes made by Owner unless Contractor provides 
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clear and convincing evidence that a specific problem is the result of such changes to the 
BAS. 

4. At no cost to Owner, during the Warranty Period, Contractor shall provide maintenance 
services for software including all current software updates, firmware, and hardware. 
Prior to the closeout of the warranty period, Contractor shall meet with Owner to address 
any questions or concerns and offer ongoing services to Owner. 

5. Electronic Actuators: Parts and labor for 5 years from the date of substantial completion. 
6. Air and Water Flow Meters: Parts and labor for 3 years from the date of substantial 

completion. 
E. Extended Warranty 

1. Contractor shall include a 3 year (36 Month) Extended Warranty agreement to oversee 
maintenance, adjustments and owner support for the controls system after expiration of 
the 24 month Basic Warranty period.  This agreement shall include remote support for 
minor hardware, software or owner issues. Agreement shall also include additional on-
site time to address major Control System (Hardware or Software) issues that have one 
or more pieces of equipment off-line. Contractor shall be on-site to address the major 
issue within 36 hours on normal work days or the following Monday if 36 hour time limit 
falls after regular business hours on Friday afternoon or over the weekend. 

F. Training 
1. Provide eight hours of training for Owner personnel, and/or maintenance contractor, on 

the operation and maintenance of the BAS. Owner may wish to video tape the training 
session. 

1.5. CODES AND REFERENCE STANDARDS 
A. Comply with all current federal, state, and local codes, requirements, ordinances, and 

regulations, in accordance with the authory(ies) having jurisdiction (AHJ). 
B. Comply with the National Electric Code (NEC). 
C. Comply with all manufacturer guidelines and requirements. 
D. Comply with all Owner rules, guidelines, procedures and requirements, including Owner IT. 
E. The latest published edition of a reference shall be applicable to the Project unless identified 

by a specific edition date.  
F. All materials, installation, and workmanship shall comply with the applicable requirements 

and standards addressed within the following references:  
1. American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) 
2. American National Standards Institute (ANSI) 
3. UL 916: Energy Management Systems 
4. LonMark International 
5. BACnet Testing Lab 

1.6. COORDINATION OF WORK AND INTEGRATION 
A. Certain LonMark, BACnet, Modbus, and other products, systems, and interface devices, may 

be provided by other trades via MEP Equipment. Examine the Contract Documents to 
ascertain the requirements to install, wire, program, commission, and/or interface to these 
systems. Particular attention must be paid towards the interface boards submitted by the 
various MEP Equipment providers. It is this Contractor’s responsibility to verify the submitted 
interfaces will integrate properly into the BAS. Report any discrepancies to Owner. 
Discrepancies brought to Owner’s attention after the procurement of that piece of MEP 
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Equipment will be integrated at no additional cost to Owner. Contractor will provide additional 
interface(s) needed to integrate piece of MEP Equipment. 

B. Controls contractor is responsible for reviewing the equipment submittals for ALL equipment 
to be integrated into the BAS system prior to equipment being ordered to verify proper power 
voltages, control voltages, control signals, control points, etc. for proper seamless integration 
and control of the equipment provided by the other contractor. 

C. Contractor shall review MEP Equipment for compliance with control diagrams, Sequence of 
Operation, and points lists. Report any discrepancies to Owner. 

D. Wherever work interconnects with work of other trades, coordinate with other trades and with 
Owner to ensure that all trades have the information necessary so that they may properly 
install all the necessary connections and equipment. 

E. Coordinate location of thermostats, humidistats, and other exposed control sensors with 
plans and room details before installation. Verify all locations with Owner and/or General 
Contractor prior to installation. 

F. Coordinate sources of 120V power with the Electrical Contractor and Owner. Extend power 
from source(s) as needed. 

G. Coordinate location of data ports/drops to the LAN/WAN with the Electrical Contractor and 
Owner. 

H. Coordinate shipping of BAS Components to another Contractor or manufacturer for factory-
installation. 

1.7. SPARE PARTS 
A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 
B. Provide one replacement for each unique actuator, Controller, thermostat, wall module, or 

any other BAS Component provided. 
1.8. QUALITY ASSURANCE 

A. The BAS and BAS Components shall be listed by Underwriters Laboratories (UL 916) as an 
Energy Management System. 

B. Control Panels, both new and modified, shall comply with UL 508A. 
C. Electrical Components, Devices, and Accessories: UL listed and labeled as defined in NFPA 

70. 
1.9. CONTRACTOR QUALIFICATIONS 

A. Qualifications may be requested from Contractor prior to the bidding process. Owner 
reserves the right to not allow Contractors to bid if they do not meet the qualifications or 
provide them in a timely manner. Qualifications will be provided for all items below in an 
orderly format for review by Owner. 

B. Contractor shall have a successful history in the design and installation of the BAS being 
provided that consists of web-browser monitoring and control of LonWorks, BACnet, and/or 
Modbus Device Controllers. These projects must be on-line and functional such that Owner 
can observe the BAS in full operation. Include proper references, contact names, emails, and 
phone numbers of these reference projects, with a minimum of five projects similar to this 
Project.  

C. Contractor shall demonstrate experience in BAS installations for not less than five years, in 
BAS installation projects with point counts equal to this Project, and systems of the same 
character as this Project.  

D. Contractor shall have specialized in and be experienced with the installation of the proposed 
product line for not less than five years, on at least ten projects of similar size and complexity.  
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E. Contractor shall be factory authorized by manufacturer of product line and be in good 
standing with the manufacturer. 

F. Contractor shall be located within 50 miles of Project.  
G. Contractor shall be a Certified Tridium Systems Integrator. 
H. Contractor shall have a minimum of three, Niagara Technical Certification Program (TCP) 

certified personnel. 
I. Contractor shall have a minimum of three personnel who are certified in LonWorks, BACnet, 

and/or Modbus line(s) of controls to be installed as part of this project. 
J. Be of sufficient size to provide service, including both routine maintenance and emergency 

support within 24 hours upon receipt of request. 
1.10. ACTION SUBMITTALS 

A. Product Data Submittal 
1. Submit manufacturer's technical product data for each BAS Component, including but not 

limited to Controller, sensor, actuator, relay and panel, indicating dimensions, capacities, 
performance, electrical characteristics, and material finishes. Also include installation and 
start-up instructions.  
a. When manufacturer's product datasheets apply to a product series rather than a 

specific product model, clearly indicate, mark-through, and highlight only applicable 
information.  

b. Generic submittals will be automatically rejected. 
2. Submit documentation indicating LonMark, NICs, and/or BTL compliance and include 

Protocol Implementation Conformance (PIC) Statements. 
B. Shop Drawings Submittal 

1. Submit shop drawings. Shop drawings will include: 
2. Bill of Materials (BOM): indicating equipment served, quantity, manufacturer, point range 

(i.e. 0-10 in. w.c.), sensor range (i.e. 0-10V), and model number for all BAS Components 
being provided. 
a. Disconnect Schedule: additionally, indicating MCA, MOP, voltage, # of phases, size, 

NEMA rating, # of poles, and neutral (Y/N). 
b. Starter Schedule: additionally, indicating horsepower, voltage, # of phases, size, 

NEMA rating, and bypass. 
c. VFD Schedule: additionally, indicating horsepower, voltage, # of phases, size and 

NEMA rating, bypass (Y/N), number of contactors (if bypass), disconnect (Y/N), and 
disconnect type (fused/non-fused).  

d. Hydronic Valves (Pressure-Dependent): additionally, indicating gpm, line size, 
calculated Cv and design pressure drop, actual Cv and actual pressure drop, close-
off pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, 
mixing/diverting (if 3 way), service (2-position/modulating), and fail position.  
A) Actual pressure drop will correct for any line-size to valve-size restrictions per the 

manufacturer’s data. 
B) Actuator will be scheduled with the valve per the standard BOM. 

e. Hydronic Valves (Pressure-Independent): additionally, indicating gpm, line size, 
selected valve gpm, maximum valve gpm, min/max pressure drops, close-off 
pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, mixing/diverting 
(if 3 way), service (2-position/modulating), and fail position.  
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A) Actual pressure drop will correct for any line-size to valve-size restrictions per the 
manufacturer’s data. 

B) Actuator will be scheduled with the valve per the standard BOM. 
f. Steam Valves: additionally, indicating lb/hr, inlet pressure, outlet pressure, line size, 

calculated Cv and design pressure drop, actual Cv and actual pressure drop, close-
off pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, mixing or 
diverting (if 3 way), service (2-position/modulating), and fail position.  
A) Actual pressure drop will correct for any line-size to valve-size restrictions per the 

manufacturer’s data. 
B) Provide sizing methodology/calculations for manufacturer selected.  
C) Actuator will be scheduled with the valve per the standard BOM. 

g. Air Flow Metering Stations (AMFS): additionally, indicating duct size, output, network 
capable (LonWorks/BACnet), and number of probes/sensors. 

h. Water/Steam Flow Meters: additionally, indicating line size, output, network capable 
(LonWorks/BACnet), and flow meter style/type. 

i. Damper Schedule: additionally indicating, duct size, blade type, leakage, and 
construction.  

j. VAV schedule: indicating VAV type, K factor, and max/min/reheat flows. 
3. Schematic Flow Diagram: schematic representation of MEP Equipment. Diagram will 

show all BAS Components on schematic, point name, and point number (i.e. UI-1). 
Where MEP Equipment varies slightly, schematic will be clearly diagramed to indicate 
any differences between each piece of MEP Equipment. Stating the schematic as 
“typical” is not acceptable.  

4. Wiring Diagram: indicating power, signal, and control wiring. Where terminal blocks are 
provided, provide indication where wiring terminates to terminal block. 

5. Sequence of Operation: Any modifications proposed to the Sequence of Operation will be 
clearly marked up as part of the shop drawings or submitted as an annotated Microsoft 
Word document in addition to the shop drawings. A default Contractor Sequence of 
Operation, included without regard to the Contract Document’s Sequence of Operation, 
will result in a rejected submittal. 

6. Control Panel Diagrams: indicating panel faces, with layouts of any BAS Components to 
be installed in the panel face, BAS Component locations inside panel, and labeling of 
BAS Components. 

7. One-line diagram for all controllers showing the network layout. Where Project is to 
connect with an existing BAS, indicate how the new network will integrate with the new 
and/or existing BAS Components. 

8. Indicate anticipated device ID, Network number, MAC Addressing, and Max Masters for 
all BACnet devices. Provide logical schema for BACnet addressing. 

9. Individual floor plans with device (controllers, routers, sensors, etc.) locations with all 
interconnecting wiring routing including space sensors, Device and Building-Level 
Network wiring, power wiring, and low voltage power wiring. 

10. Additional Requirements: 
a. Point names will be consistent between the schematics and wiring diagrams. 
b. Misc. Points List: where controllers being provided for other purposes are also used 

to control a miscellaneous point, such as an exhaust fan or lighting contactor, provide 
a list of those miscellaneous points in a concise format for quick identification of their 
location and associated Controller. 
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c. Provide a complete list of any deviations of submitted products to the specification in 
this document. 

d. Where existing BAS Components are being reused, such as controllers or sensors, 
clearly indicate (via coloring, line type, etc) the BAS Components being reused as 
“existing” and new components as “new.” 

C. Graphics Submittal 
1. Provide screen captures of graphical user interfaces developed by Contractor on 

previous projects. These screen shots shall represent actual work performed by 
Contractor and not generic work from the line of controls which Contractor represents. 
Screenshots will be applicable to the MEP systems as part of this project. “Generic” 
screenshots of MEP systems will not be accepted. Provide client contact information for 
Owner to validate. Any comments from the submittal process will be incorporated into the 
actual graphics for the project. 

2. Follow Owner’s graphics standards. 
3. Zoning Map 

a. Provide submittal of graphic floorplans for markup by Owner to identify required 
zoning to use for scheduling. Floorplan markup will be used by Contractor to segment 
equipment that satisfies the identified zones. 

D. Point-Naming Submittal 
1. Points shall be named consistently. Provide list of point names and point conventions.  
2. Point naming shall be consistent with an existing standard, such as Project Haystack. 

E. IP Drop Request Submittal 
1. Provide list of BAS Component(s) which need an IP drop to the LAN/WAN.  
2. Provide location, quantity (if multiple per Control Panel/location), and IP address 

requirements (DHCP, fixed, etc), and total number of IP address reservations, including 
room for future growth. 

3. Provide list to a minimum of ten business days’ notice prior to needing the drop. 
F. Schedule/Sequence of Construction Submittal 

1. Provide schedule and sequence of construction, as it pertains to the installation of the 
BAS, for review. 

G. Functional Performance Testing (FPT) Submittal 
1. Provide FPT agendas and testing procedures for review. 
2. FPT should include at a minimum Sequence of Operation, point-to-point verification to 

graphical interface, historical data logging, and alarms testing procedures. 
1.11. START-UP AND ASSOCIATED TESTING SUBMITTALS 

A. Point-to-Point Testing/Checkout Sheets Submittal 
1. Prior to startup of MEP Equipment, Contractor will provide checkout sheets for each 

piece of MEP Equipment. 
2. Checkout sheets will contain at a minimum: 

a. Equipment name and location. 
b. Associated Controller address (MAC or Node ID), name, type, and instance number. 
c. Point name, type (resistance, amperage, voltage, etc), and range (i.e., -5 to +5 in 

w.g.). 
B. Start-Up Testing Submittal 



DIVISION 15B                                                          HEATING, VENTILATING, AND AIR CONDITIONING 
SECTION 15900                                                                                BUILDING AUTOMATION SYSTEMS 
 

8/23/2024 15900 - 9 

 

1. As part of the startup of MEP Equipment, Contractor will provide start-up testing sheets 
for each piece of MEP Equipment.  

2. Start-up testing sheets will contain at a minimum: 
a. Equipment name and location. 
b. Sequence of Operation and step-by-step procedure used to check programming and 

configuration. 
c. Any modifications required to Sequence of Operation for MEP Equipment 

performance. 
d. Final graphical screens. 
e. PID tuning parameters for each loop. 

C. Adjusting and Calibration Submittal 
1. As part of the startup of MEP Equipment, Contractor will provide a calibration submittal 

for each piece of MEP Equipment. 
2. Calibration submittal will contain at a minimum: 

a. Equipment name and location. 
b. Point name, type, and range. 
c. Sensor type and manufacturer’s stated accuracy. 
d. Calibration type (single point, two point, etc). 
e. Checking, adjusting, and calibration data. 
f. Sensor installed accuracy. 
g. Sensor pass, fail, replaced, etc. 
h. Calibration equipment used and associated certificates of calibration, including 

expiration dates. 
1.12. CLOSE-OUT SUBMITTALS 

A. Operating and Maintenance Manuals 
1. Provide all documentation as required in the submittal processes to-date, updated to as-

built conditions.  
2. In addition, provide the following: 

a. Include control response, settings, set points, throttling ranges, gains, reset 
schedules, adjustable parameters, and limits. 

b. A table (or similar) of all Testing, Adjusting and Balancing (TAB) values for each 
piece of MEP Equipment and BAS-calibrated equipment, such as airflow metering 
stations (AFMS). 

c. Any O&Ms for equipment not originally included in the submittal, in addition to 
product data. 

d. Accurately record actual set points, calibrations/offsets, and settings of controls, final 
Sequence of Operation, including changes to programs made after submission and 
approval of shop drawings and including changes to programs made during specified 
testing. 

e. Database of all point names. 
B. As-Built Shop Drawings 

1. Provide PDF of shop drawings which have been corrected to reflect the as-built state. 
a. Incorporate any redlines made in field during installation.  
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b. Update Sequence of Operation to reflect MEP Equipment operation as changed 
during installation, commissioning, and/or functional performance testing. 

c. Provide reference to being “as-built” version on each sheet of the shop drawings. 
2. Provide hard copy of appropriate shop drawing page(s) inside each Control Panel. 

C. Software Closeout 
1. Provide all usernames, passwords, software, GUI, databases, licenses, and application 

programming tool(s) to Owner. 
2. Provide software backup of entire BAS and associated components on digital media for 

Owner record. Coordinate file location of automatic backup of software with Owner. 
D. Reference 3.11 Closeout for additional requirements. 

1.13. MATERIALS AND EQUIPMENT 
A. All materials shall meet or exceed all applicable referenced standards, federal, state, and 

local requirements, referenced standards, and conform to codes and ordinances of the AHJ.  
B. Materials shall be new, the best of their respective kinds without imperfections or blemishes 

and shall not be damaged in any way. Used equipment shall not be used in any way for the 
permanent installation except where Contract Documents specifically allow existing materials 
to remain in place. 

C. To the extent practical, all equipment of the same type serving the same function shall be 
identical and from the same manufacturer. 

1.14. COLORS AND LABELING 
A. Where requirements in 15190 conflict with the requirements below, Contractor will comply 

with the most stringent requirement. 
B. Provide BAS Components consistent with the following color requirements.  

1. Control Panels   Blue 
2. Conduit    Blue 
3. Input/Output Wiring  Yellow 
4. BACnet Copper Wiring  Orange 
5. LonWorks Copper Wiring Purple 
6. Modbus Copper Wiring  Blue 
7. Ethernet/Fiber Cable  Consistent with color of primary communication protocol. 
8. Tubing    Black with White Stripe 

C. Provided BAS Components with the following labeling requirements. 
1. Controllers 

a. Vinyl or nylon label, 1/2 inch or greater in height, black text on white background, 
adhesive backed, printed with MEP Equipment served by Controller, permanently 
mounted. 

2. Control Panels 
a. Two-layer engraved phenolic or engraver’s plastic tag, 1 inch or greater in height, 

adhesive backed, engraved with MEP Equipment served by panel, permanently 
mounted. 

3. Input/Output Wiring 
a. Nylon or self-laminated wire-wrap label, 1/2 inch or greater in height, black text on 

white background, adhesive backed, printed with BAS Component connected to 
cable and cable number, permanently mounted at termination to terminal block in 
Control Panel on cable jacket. 
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b. Premade labels or wire marker tape is not allowed. 
4. BAS Component 

a. Vinyl or nylon label, 1/2 inch or greater in height, black text on white background, 
adhesive backed, printed with MEP Equipment served and BAS Component purpose 
(ex. AHU-1 SF Start/Stop), permanently mounted. 

PART 2 - PRODUCTS 
2.1. MANUFACTURERS AND VENDORS 

A. Subject to the Specifications and requirements herein, the BAS will be provided by (listed in 
alphabetical order): 

NEW CONSTRUCTION 
1. Reliable Controls 
2. ABB Controls 
3. Distech 
4. Lynxspring 
5. Schneider Electric TAC I/A Series 

 
B. Products by the manufacturer listed shall be used for Device and Building Controllers. 

Sensors, actuators, valves, dampers, and other BAS Components may be manufactured by 
others as indicated. 

2.2. GENERAL 
A. Owner shall receive ownership of all job-specific configuration documentation, data files, 

software and/or code developed for the Project. This shall include all custom, job-specific 
software code, databases, and documentation for all configuration and programming that is 
generated for the Project and/or configured for use with the Device and Building Controllers 
or Building and Enterprise Supervisors, and any related LAN, WAN, Intranet, and Internet 
connected routers and devices.  

B. Any and all required IDs and passwords for admin and programming-level access to any BAS 
Component or software program shall be provided to Owner. 

C. It is Owner’s intent to purchase an open system capable of being serviced and expanded by 
any acceptable system integrator that has and maintains certification to work on Niagara 
Framework systems. The Niagara Compatibility Statement (NICS) for all Niagara Software 
shall allow open access and be set as follows: accept.station.in="*" accept.station.out="*" 
accept.wb.out="*" accept.wb.in="*”. In any case, Owner shall maintain the right to direct 
Contractor to modify any software license, regardless of supplier, as desired by Owner.  

D. Contractor shall not install any “brand-specific” software, proprietary JAR files, applications, 
or utilities on Niagara Framework based devices, unless otherwise permitted. Provide 
exceptions to Owner for review. 

E. All Device and Building Controllers installed for the project shall not be limited in their ability 
to communicate with a specific brand/Manufacturer or Vendor of the BAS. They shall also be 
constructed in a modular fashion to permit the next generation and support components to be 
installed in replacement of, or in parallel with, existing components. 

F. Device and Building Controllers shall have the ability to perform energy management routines 
via preprogrammed function blocks or template programs. 

G. Browser-based access: A remote/local user using a standard browser will be able access all 
BAS facilities and graphics via the LAN or direct connection, with proper username and 
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password. Only HTML5 browser-based graphical user interfaces (GUI) is acceptable. The 
system shall be capable of supporting an unlimited number of clients using a standard Web 
browser such as Internet Explorer, Edge, Firefox, or Chrome. 
1. Graphics shall be Niagara “virtuals” which allow graphics to be present on both the JACE 

and Supervisor, allowing for an update in one location to be automatically applied to the 
other. 

H. Remote data access: The system shall support browser-based remote access over the 
Internet to the building data.  
1. The Contractor shall coordinate with Owner IT to ensure all remote browser access is 

protected with the latest BAS software updates. 
2. The Contractor shall coordinate with Owner IT to ensure a VPN (Virtual Private Network) 

is installed to protect Owner from cyber-attacks. 
I. Systems Configuration Database: The system architecture shall support maintaining the 

systems configuration database on a Supervisor server on the LAN. User tools for BLN 
and/or DLN management shall be provided and licensed to Owner and shall allow 
unrestricted configuring, updating, maintaining, and expanding of all current devices, 
configurations and settings. 

J. Database Schema shall be published and provided to Owner to facilitate easy access to BLN 
and DLN data. 

K. Owner shall be the named license holder of all software associated with any and all 
incremental work on the project. Contractor will coordinate with Owner IT for any 
requirements regarding software/hardware licensing. 

L. Where multiple pieces of Niagara equipment exist, use single-JACE sign-on. Coordinate with 
Owner on requirements. 

2.3. DEVICE COUNT AND SOFTWARE MAINTENANCE AGREEMENTS 
A. All Device Controllers, Building Controllers, and Supervisors which have a license structure to 

where only a certain quantity of BAS Components or devices can connect to it shall be 
selected such that there is a minimum 25% capacity for future BAS Component or device 
connections. (i.e. if there are 80 connected devices, the license shall allow for 80*1.25=100 
potential device connections (20 extra device connections possible). 

B. All Building Controllers and Supervisors which have a license structure requiring a Software 
Maintenance Agreement (SMA) shall be for a period of five years. 

2.4. SYSTEM PERFORMANCE 
A. Description: The BAS shall comply with the following minimum performance requirements. 

Performance requirements are based on a fully functioning BAS with all trends and alarms 
enabled: 
1. Graphic Display: Display graphic with minimum 20 dynamic points with current data 

within 10 seconds. 
2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data 

within 8 seconds. 
3. Object Command: Reaction time of less than 2 seconds between operator command of a 

binary object and device reaction. 
4. Object Scan: Transmit change of state and change of analog values to control units or 

workstation within 6 seconds. 
5. Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple 

workstations must receive alarms within five seconds of each other. 
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2.5. SYSTEM ARCHITECTURE 
A. The system architecture provided shall incorporate hardware and software resources 

sufficient to meet the functional requirements of these Specifications. The Building and 
Device-Level Network shall be based on industry standard open platforms as specified 
herein, and utilize commonly available operation, management, and application software. All 
software packages and databases shall be licensed to Owner to allow unrestricted 
maintenance and operation of the BAS. Contractor shall include all items not specifically 
itemized in these Specifications that are necessary to implement, maintain, and operate the 
system in compliance with the functional intent of these Specifications. 

B. Reference 4.1 Network Diagram for diagram of System Architecture layout. 
C. The system architecture shall consist of a Wide Area Network (WAN), a Local Area Network 

(LAN), a Building-Level Network (BLN), and one or more Device-Level Network(s) (DLN), as 
well as an Enterprise Supervisor, a Building Supervisor, Building Controller(s), and Device 
Controller(s), as applicable. 
1. Wide Area Network (WAN): WAN infrastructure provided by Owner. Contractor will 

coordinate with Owner IT for configuration (ports, firewall, etc) for a successful BAS 
installation.  
a. The WAN infrastructure shall be used to connect the Enterprise Supervisor to the 

Building Supervisor and/or Building Controller(s). 
2. Local Area Network (LAN): LAN infrastructure provided by Owner. Contractor will 

coordinate with Owner IT for configuration (ports, firewall, etc) for a successful BAS 
installation.  
a. The LAN infrastructure shall be the connection point to the WAN for the BAS, and 

also serve as the BLN. 
3. Building-Level Network (BLN): BLN shall be a segmented network on the Owner’s LAN.  

a. The BLN shall be used for connection of Building Controller(s) and/or Building 
Supervisor only. No Device Controller(s) shall be connected to the BLN. 

4. Device Level Network (DLN): DLN infrastructure provided by Contractor.  
a. DLN will be BACnet TCP/IP (Ethernet). 
b. Contractor will provide one or more DLNs to maintain network speeds as specified 

herein. 
c. Additional DLNs of a different protocol than listed may be added to integrate unique 

pieces of equipment not provided by Contractor, however all Contractor-provided 
equipment shall be consistent with the DLN above. 

5. The LAN will be under construction and not necessarily complete prior to work 
commencing. As such, a temporary BLN will be provided by Contractor for functionality of 
the BAS. This may include wireless access points, switches, or other temporary hardware 
for full functionality. Upon completion of the LAN, which will also serve as the BLN, 
Contractor shall remove the temporary equipment and provide final installation of devices 
to the permanent BLN. Testing of the system will be provided to ensure functionality is 
the same as on the temporary system. 

6. The LAN is existing and segmented for the BLN.  
2.6. SYSTEM ARCHITECTURE, ADDITIONAL REQUIREMENTS 

A. Niagara Framework will be Niagara 4 (N4), with the latest stable released installed (as 
identified by Contractor) and will be compatible with any existing Niagara systems. Where the 
incorrect software version is installed, it shall be corrected at no additional cost to Owner. 
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B. Prior to bid, where a modification to the System Architecture is desired, Contractor will obtain 
permission for the proposed System Architecture. Contractor will provide documentation with 
proposed modifications and how they will improve the System Architecture as specified. If not 
approved, Contractor will provide the System Architecture as specified. 

C. Prior to the bid, Contractor may request for additional connections to the WAN/LAN beyond 
the ones specified herein. Should those connections be disallowed, Contractor shall provide 
additional BLN(s) or DLN(s) at no additional cost to Owner. 

D. Capacity of any BLN or DLN shall be limited to 70% of the allowable device count to allow for 
future minor modifications or expansions to the network. Provide calculations on request. 

E. Device Controllers shall communicate on a hardwired network.  
F. Twisted-Pair Based Device Level and/or Building Level Networks (DLN/BLN): 

1. BACnet MS/TP networks where the baud rate for equipment is “fixed” and cannot be 
changed shall be segmented from the main DLN(s). The main DLN(s) will not be slowed 
to accept Device Controllers with slower baud rates than the majority of the Device 
Controllers can achieve. 

2. ARCnet and/or Token-Ring based DLNs shall not be acceptable. 
3. The communication speed between Device Controllers shall be sufficient to ensure fast 

system response time under any loading condition. At a minimum, network speed shall 
be minimally 78K bits per second (LonWorks FTT-10A), 19.2K bits per second (Modbus 
RTU), 76,800 baud (BACnet MS/TP).  
a. Where speeds must be reduced, provide justification to Owner for approval. 

4. Provide a maximum of 40 LonWorks FTT-10A controllers per segment. Provide a 
maximum of 25 BACnet MS/TP controllers per segment. Provide a maximum of 25 
Modbus RTU controllers per segment. 
a. Controller counts may be increased where specifically recommended/approved by 

the Manufacturer and system performance will be achieved as specified. If network 
performance suffers due to excessive controllers, Contractor shall provide additional 
BLN(s) or DLN(s) at no additional cost to Owner. 

G. Ethernet Based Device Level and/or Building Level Networks (DLN/BLN): 
1. Where DLN is an ethernet-based network (vs traditional copper twisted-pair network), the 

requirements of the BLN shall also apply to the DLN. 
2. Ethernet-based BLN or DLN shall be consistent with Owner IT standards and 

requirements, and at a minimum IEEE 802.3 Ethernet over Fiber or Category 6 cable with 
switches and routers that support 1000base-T gigabit Ethernet throughput. Provide all 
routers, switches, and other hardware for functionality. 

2.7. DEVICE CONTROLLERS 
A. Provide a Device Controller for each piece of MEP Equipment, or as specifically identified. 
B. General 

1. Device Controllers shall fundamentally communicate with the protocol as specified in the 
System Architecture for the DLN. Device Controllers which communicate over a different 
protocol and then convert to the specified protocol via a protocol converter, router, or 
gateway are not acceptable. 

2. All Device Controllers shall be able to communicate peer-to-peer without the need for a 
Building Controller and shall be capable of assuming all responsibilities typically assumed 
by a Building Controller. 
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3. Any Device Controller shall be able to act as a Master to allow for the exchange and 
sharing of data variables and messages with any other Controller connected on the same 
communication cabling. So called “Slave Controllers” are not acceptable. 

4. A dedicated Device Controller will be provided for each piece of MEP Equipment. 
Controller “sharing,” where one Controller does one or more pieces of MEP Equipment, is 
not allowed, unless specifically approved by Owner. 

5. Each Device Controller shall have a minimum of 10% spare capacity for each point type 
for future point connection, rounded up to the nearest whole number. 

6. Performance 
a. Each Device Controller shall have a minimum of 64KB of RAM and 384KB of non-

volatile flash memory. 
b. Each Device Controller shall have a 32-bit microprocessor operating at a minimum of 

68 MHz. 
c. Real time clock with rechargeable battery and 20 days power backup. 

7. The control program shall be resident within the same enclosure as the input/output 
circuitry, which translates the sensor signals. The control program shall be stored in non-
volatile memory, which is not dependent upon the presence of a battery, to be retained. 

8. Provide single Device Controllers with the physical and software resource count for 
standalone operation of each piece of MEP Equipment. The Sequence of Operation and 
required points for control shall reside on a single Device Controller.  
a. Remote I/O modules (via a field-wired communications bus designed for remote I/O 

purposes) are acceptable for points required to achieve the Sequence of Operation.  
A) BACnet, LonWorks, Modbus, and any other communication protocol designed for 

Device Controller to Building Controller communication is not acceptable for 
remote I/O communication. 

B) Expansion I/O modules plugged directly into the Controller are acceptable for 
points required to achieve the Sequence of Operation. 

C) Additional Device Controllers connected via the DLN are not acceptable for 
points required to achieve the Sequence of Operation.  

9. Device Controllers with integral sensors or devices (i.e., a VAV terminal unit controller 
with integral damper actuator and pressure sensor), shall comply with the specification 
requirements for those sensors if they were submitted separately. If the Controller’s 
sensors or devices do not comply, the sensors or devices will be provided separately.  

10. BACnet Device Controller Specific Requirements: 
a. Each BACnet Controller on the BACnet MS/TP communications trunk shall provide a 

loading characteristic of 1/8th load. 
b. Provide BACnet Controllers that are BACnet Testing Laboratory (BTL) listed (v14 or 

later). Controllers will be marked with the BTL certified logos. Controllers must be 
within the following categories: 
A) BACnet Building Controller (B-BC)  
B) BACnet Advanced Application Controller (B-AAC) 
C) BACnet Application Specific Controller (B-ASC) 

11. LonWorks Device Controller Specific Requirements: 
a. Provide LonWorks Device Controllers that conform to LonMark Certified 

Interoperability Standards. Components will be marked with the LonMark certified 
logos. 
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12. Modbus Device Controller Specific Requirements: 
a. Provide Modbus Device Controllers that conform to the Modbus Conformance 

Testing Program and be independently verified by an approved third-party for 
conformance. 

C. Configurable Device Controllers 
1. Shall contain an application-specific control program which can be configured to meet the 

Sequence of Operation.  
2. Where a configurable Controller cannot be configured to meet the Sequence of 

Operation, a Programable Controller will be used. Alternatively, Contractor may submit a 
request to modify the Sequence of Operation so that a Configurable Controller may be 
used in lieu of a Programmable Controller. 

D. Programable Device Controllers 
1. Shall be fully programmable and the programming software shall have a library of pre-

built, tested, and user re-definable control sequences for a wide range of typical HVAC 
applications.  

E. Ethernet Device Controllers 
1. Provide with a 2-port or greater integrated switch.  
2. Controllers should be able to be “daisy chained” to eliminate multiple dedicated ethernet 

drops for each Controller. 
2.8. BUILDING CONTROLLERS 

A. Provide Building Controller(s) with sufficient expansions to integrate DLNs while maintaining 
network speed, point count requirements, spare capacity, and other requirements as 
specified.  

B. Building Controller(s) shall be JACE 8000 series. 
1. Provide with embedded workbench. 
2. Provide with all required expansions for LonWorks FTT-10A, RS485, etc. to achieve the 

necessary quantity of DLN(s). 
C. Provide sufficient quantity of Building Controllers to maintain average processing power at 

70% or less. Where Building Controllers are running above 70% consistently, additional 
Building Controllers will be provided and DLNs rewired at no cost to the Owner. 

2.9. CONTROL PANELS AND ENCLOSURES 
A. Control Panels are an assembly composed of an enclosure and one or more BAS 

Component(s). Control Panels will be provided for: 
1. All MEP Equipment which requires a Device Controller(s) and does not have an 

Enclosure for a Device Controller(s) included as part of the MEP Equipment.  
2. All Building Controller(s). 

B. Reference 1.9 Quality Assurance for Control Panel rating requirements. 
1. All Control Panels provided for MEP Equipment shall be assembled and installed in 

accordance with UL508A. Field wiring to the Control Panel shall be terminated to a field 
wiring terminal as indicated on the required drawings provided with the Control Panel. 
Control Panels which are modified after UL508A listing by adding BAS Component(s) not 
shown on the UL508A panel drawings are 1) not allowed, or 2) require UL508A 
recertification from an authorized UL508A inspector. In short, ‘generic’ UL508A Control 
Panels which have power prewired but contain no BAS Component(s) as listed are not 
allowed. 
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C. Controller(s) installed inside of MEP Equipment shall only be done so in spaces/enclosures 
designed for a Controller to be installed (i.e. a VAV controls enclosure). The fact a Controller 
fits inside the space does not constitute being designed for a Controller to be installed. 
Controller shall not be installed on the outside of any MEP Equipment or in a plenum, even if 
Controller is plenum rated. 

D. Enclosures shall have continuously welded and ground smooth seams, have doors that open 
180 degrees, concealed and continuous hinge, and ground studs on door and body. 

E. Indoor/inside enclosures shall be NEMA/UL Listed Type 1. Enclosure shall be powder-coated 
steel, consistent with color chart herein. Outdoor/outside Enclosures shall be NEMA/UL 
Listed 3R or 4X. Enclosure shall be power-coated steel consistent with color chart herein or 
stainless steel. 

F. All enclosures will be provided with a removable backplate to which BAS Components will be 
fastened. No BAS Components will be fastened to the enclosure body. BAS Components, 
such as pilot lights and switches, displays, and operator interfaces may be mounted to the 
enclosure door, so long as they are designed to do so. No component will sacrifice or 
downgrade the NEMA rating of the enclosure.  

G. Control Panels will be sized (width, height, and depth) so that all BAS Components, including 
but not limited to Controllers, relays, power supplies and transformers, fit inside neatly and in 
an organized fashion. Provide cable tray for all wire to rest in and fasten to backplate. Cable 
tray shall be sufficiently sized for future expansion and/or service loop for field-wiring. 

H. Control Panels which have more than one BAS Component are required to be provided 
prewired to numbered terminal blocks. All BAS Components and terminal blocks will be 
fastened to the removable backplate and wired between the BAS Components and terminal 
block at Contractor’s panel shop. The terminal block will serve as the demarcation point 
between factory/shop wiring and field wiring. At no point shall field wiring cross the terminal 
block and be wired directly to a factory/shop-installed BAS Component. Any BAS Component 
that was intended to be in the field, such as a relay, will not be installed inside the Enclosure 
in the field. 
1. Exception: Enclosures which house only one BAS Component, such as a Controller, are 

not required to have numbered terminal blocks, and may have field wiring terminated 
directly to the BAS Component. 

I. Maintain separation between Class 2 wiring and other wiring, such as power, for both field 
and factory connections.  

J. The design intent of the Control Panels is to have the ability to, in the future, disconnect all 
field wiring from the terminal blocks, remove the backplate with old control components, 
install new backplate with new control components and reconnect wire to the terminal blocks. 
Contractor will maintain design intent with their panel design and installation. 

K. Where the Specification conflicts with Control Panel requirements in Division 16, Contractor 
will comply with the most stringent requirement. 

2.10. CABLE, WIRING, TUBING, AND ACCESSORIES 
A. Comply with Division 16. 
B. BAS cable for input and outputs shall comply to the color chart herein and have “BAS 

CABLE” (or equivalent) physically written on the cable from the cable manufacturer at regular 
intervals. 

C. BAS cable for LonWorks shall comply to the color chart herein and have “LONMARK” 
physically written on the cable from the cable manufacturer at regular intervals. BAS cable for 
BACnet shall comply with the color chart herein and have “BACNET” physically written on the 
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cable from the cable manufacturer at regular intervals. BAS cable for other protocols will have 
the appropriate protocol written on the cable.  

D. All control wiring and tubing shall be plenum rated, no riser cable or tubing is allowed. 
Conform with NFPA 262 Flame Test for approved plenum use without conduit. 

E. Provide with integral ripcord.  
F. Treat cable with a lubricant to increase cable pulling productivity and efficiency and to 

decrease the risk of cable damage due to excessive pulling strengths. A non-staining 
lubricant shall be applied to coat the full length of the cable during the manufacturing process. 
The lubricant shall produce a low coefficient of friction on the cable jacket material that 
reduces pulling friction by up to 70%. The lubricant shall continue to reduce friction after it 
has dried; remaining as a slippery film that retains lubricity for months after use. The cable 
lubricant shall comply with the physical and performance requirements of Telcordia Standard, 
TR-NWT-002811, and Generic Requirements for Cable Placing Lubricants. The lubricant 
shall not contain solvents nor have a flash point. 

G. BACnet and Modbus cable will be continuously shielded. LonWorks cable must be shielded 
into and out of VFDs, or any other noise-generating piece of equipment. Input/output (I/O) 
cable need not be shielded.  

H. Ethernet cable shall comply with the color chart herein and be consistent with Owner IT 
standards and requirements, and at a minimum IEEE 802.3 Category 6 cable.  

I. Tubing for air pressure sensors shall be polyethylene, approved for plenum installations, 
have high stress-crack resistance and be resistant to ultraviolet light.  

2.11. TRANSFORMERS AND DC POWER SUPPLIES 
A. Control Transformers 

1. Class 2, sized and rated for application. Circuit breaker overcurrent protection; fused or 
internal overcurrent protection is not allowed. Transformers shall be sized so that 
connected load does not exceed 75 percent of rating. Functional Devices TR series or 
approved equal. 

B. DC Power Supplies 
1. Class 2, sized and rated for application. Overcurrent protection with auto-reset; fused or 

internal overcurrent protection is not allowed. Transformers shall be sized so that 
connected load does not exceed 75 percent of rating. IDEC PS5R-V Series or approved 
equal. 

2.12. SURGE PROTECTION 
A. Provide any power supply surge protection, filters, etc. as necessary for proper operation and 

protection of all BAS Components.  
B. All BAS Components shall be capable of handling voltage variations 10% above or below 

measured nominal value, with no effect on hardware, software, communications, and data 
storage. 

C. Provide Control Panel surge protection for: 
1. Building Controllers and/or their associated Control Panels 
2. Control Panels with 11 or more hardwired input/output points entering/exiting the panel.  
3. Control Panels with network routers, switches, and/or other network/interface devices. 
4. Location(s) required by Owner based on submitted controls architecture. 
5. Manufactured by Ditech DTK-120HW or approved equal.  

D. Provide surge protection for DLN and/or BLN at every point network enters or leaves the 
building enclosure. 
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1. Manufactured by Ditech DTK-2MHLP series or approved equal for copper twisted-pair 
networks. 

2. Manufactured by Ditech DTK-110C6A series or approved equal for ethernet networks. 
2.13. SOFTWARE 

A. Provide one copy of Tridium Niagara Workbench software.  
B. Provide one copy of ALL programming tools for all Device Controllers. Provide multiple 

versions of Software as required. Software will be fully licensed and not a “partial” or 
“light/lite” software version. Any functionality the Manufacturer and/or Vendor has available to 
them will also be provided to the Owner.  

C. Install software on Owner-chosen computer. Coordinate with Owner on processing, memory, 
operating system, and other computer requirements. 

PART 3 - EXECUTION 
3.1. PREPARATION 

A. Examine areas and conditions under which BAS is to be installed. Do not proceed with work 
until unsatisfactory conditions have been corrected in manner acceptable to Owner and 
Contractor. Report any issues to Owner and/or General Contractor. 

B. These Specifications call out certain duties of Contractor and any subcontractor(s). They are 
not intended as a material list of all items required by the Project. 

3.2. INSTALLATION 
A. Provide related items and work indicated in the Contract Documents, as specified or not 

specified, necessary to provide a complete and fully functioning BAS, including but not limited 
to: 
1. All incidentals, equipment, appliances, services, hoisting, scaffolding, supports, tools, 

supervision, labor, consumable items, fees, licenses, etc. 
2. All BAS Components, devices, power supplies, transformers, fittings, sensors, 

controllers, wiring, accessories, etc. 
3. All wiring, including communication network, analog points, digital points, low voltage 

power, line voltage power, emergency power, etc. 
4. All associated power and low voltage connections. 
5. All conduit, junction boxes, fittings, panels, enclosures, hardware, etc. 

B. Utilize licensed electricians for all electrical distribution systems.  
C. The Contract Documents show the general arrangement of the respective systems. Follow as 

closely as actual building construction and the work of other trades will permit. 
D. Maintain redlines of shop drawings throughout installation process. Redlines will be used to 

generate O&Ms, and any other closeout documentation as specified herein. Shop drawings 
for O&Ms which are submitted unchanged from the Action Submittal phase will be required to 
be as-built to actual constructed conditions at no cost to Owner. 

3.3. PRODUCT DELIVERY, STORAGE, HANDLING, PROTECTION, AND CLEANING 
A. All products and materials shall be new, clean, and free of defects, damage, and corrosion.  
B. Ship and store products and materials in a manner which will protect them from damage, 

weather, and entry of debris until final acceptance.  
C. Where BAS Components are required to be factory-mounted on MEP Equipment by others, 

arrange for shipping of BAS Components to MEP Equipment manufacturer. 
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3.4. SITE CLEAN-UP 
A. At conclusion of each day’s work, and at the request of Owner, clean up and remove from the 

site all rubbish, debris, and trash accumulated during the day as a result of work of 
Contractor.  

B. Marks on walls and/or ceiling tiles caused by Contractor shall be cleaned by Contractor.  
C. Ceiling tiles, drywall, carpet, paint, and all architectural finishes damaged by Contractor shall 

be replaced by Contractor. 
3.5. POWER WIRING, CONTROL WIRING, AND CONTROL TUBING 

A. Comply with Division 16. 
B. Extend 120V power circuits from points provided to control voltage transformers. Where 

dedicated junction boxes have been provided, coordinate the exact locations with the 
Electrical Contractor. Where they have not, coordinate the spare circuit breakers to be used 
with the Electrical Contractor and/or Owner. 

C. Install all wiring and cabling in conduit.  
D. Install wire, cable, and accessories with sufficient slack and flexible connections to allow for 

vibration of piping and equipment. 
E. Wire safeties and limit controls to prevent operation of MEP Equipment in any selector 

position (off-hand-auto).  
F. Provide sleeves and conduit for passage of wiring through structural masonry, concrete walls 

and floors, and elsewhere for the proper protection of the BAS. Seal as required. 
G. Splices are not permitted within the BLN or DLN communication cables. Only continuous 

network topologies or continuous homeruns are allowed for these networks. Splices 
identified, including damage to cable, will result in cable being re-pulled at no additional cost 
to Owner. 

H. Limit DLN and BLN cable lengths to no longer than 70% of the longest dimension published 
by the manufacturer of the cable or Controller, between the most remote network 
nodes/Controllers. 

I. Shielded wiring will have shields twisted together and taped against jacket of cable. No 
exposed shields will be allowed. Ground shield at one end of cable. 

J. LonWorks communication network shall transition from unshielded to shielded at device prior 
to VFD(s), be shielded into and out of the VFD(s), and transition back to unshielded at device 
after VFD(s).  

K. Power wiring, control wiring, and wiring accessories (i.e. conduit) shall be consistent with 
color chart herein. 

L. Power wiring, control wiring, and wiring accessories shall comply with Division 16. Where the 
Specification conflicts with Division 16, Contractor will comply with the most stringent 
requirement. 

M. Install control transformers and DC power supplies inside Control Panels. Transformers 
randomly installed in plenum, or connected to junction box via nipple mount, is not allowed. 

N. Install surge protection for wiring as required. Surge protection for 120V shall be installed 
exterior to Control Panel. Surge protection for communication network will be installed in 
close proximity to grounding locations and bars. Route communication network such that 
surge protection can be installed in accordance with manufacturer's instructions. Excessive 
grounding wiring runs and/or grounding to structural steel for surge protection is not 
permitted. 

O. Maintain all bend radius requirements with control tubing. Do not kink tubing. Do not use 
tees, elbows, or other fittings in tubing.  
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P. I/O wiring shall be labeled in accordance with 1.15 Colors and Labeling. Wire number shall 
correspond to wire number shown on Closeout Documentation. 

Q. I/O cabling will be sized in accordance with the load and distance traveled. Input wiring will be 
minimally 22AWG. Output wiring will be minimally 18AWG. 

3.6. NETWORK MANAGEMENT FUNCTIONAL REQUIREMENTS 
A. Contractor shall thoroughly and completely program and configure BAS Components, 

software, supplemental software, application programming, network communications, 
operator workstations, computers, printer, and network communications to permit the 
functional requirements of the BAS herein specified. The setup shall include as a minimum 
the following network management procedures: 
1. Automatic backup of the BAS database to appropriate media. 
2. Program, load, and debug all software installations, including integration of third-party 

applications (i.e., analytics and energy management). 
3. Network user auditing routine. 

3.7. POINT-TO-POINT TESTING/CHECKOUT 
A. As a part of installation, provide checkout (also called point-to-point testing) of all BAS 

Components.  
B. Prior to start-up of any MEP Equipment, ensure all points have been properly set up, 

including but not limited to sensor type and range.  
C. Ensure BAS Component is accessible for maintenance. 
D.  Ensure sensors and devices have been installed in the correct location in accordance with 

actual field conditions and modifications made to the flow diagram in the Contract 
Documents. Ensure sensors and devices have the proper flow direction, orientation, insertion 
depth, and any other applicable requirements. 

E. Provide means to increase or decrease sensed value and ensure the BAS responds 
accordingly.  

F. Checkout will be performed via Owner’s final graphic screens. If checkout is performed within 
the programming function of the BAS, it shall be repeated when the final graphic screens are 
complete and available for use. 

G. Check operation of valve/damper-actuator combination to confirm that actuator modulates 
valve/damper smoothly throughout stroke to both open and closed positions. Check valve for 
proper close off. 

H. Provide documentation of the checkout process for each piece of MEP Equipment. 
3.8. START-UP TESTING 

A. At the conclusion of point-to-point testing/checkout, provide start-up testing of all BAS 
Components. 

B. Provide start-up of all MEP Equipment. Perform start-up in conjunction with any applicable 
trades. 

C. Provide start-up testing to ensure all configuration and programming conforms with Sequence 
of Operation. 

D. Start-up testing will be performed via Owner’s final graphic screens. If start-up testing is 
performed within the programming function of the BAS, it shall be repeated when the final 
graphic screens are complete and available for use. 

E. Tune PIDs to provide reasonable speed response to change in variables while having stable 
operation.  
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F. Provide documentation of the start-up testing process, including any modifications made to 
the Sequence of Operation, for each piece of MEP Equipment. 

3.9. ADJUSTING AND CALIBRATION 
A. Adjust and calibrate all points on the BAS as follows. 
B. Prior to calibration, complete all point-to-point testing/checkout and start-up testing to ensure 

the BAS is fully functioning. 
C. Calibrations shall be made inside the Niagara wire sheet. Do not calibrate sensors inside the 

device controller.  
D. Calibrated instrument shall be minimally twice as accurate as the sensor’s installed accuracy.  
E. Using calibrated instruments, document actual value (per calibrated instrument) and indicated 

sensor reading (per the BAS). Adjust using a single point offset or a double-point calibration. 
Document calibration value(s). 

F. If sensor reading is within the manufacturer’s stated accuracy, do not calibrate the sensor. 
Document actual value and sensor reading. 

G. If sensor is greater than manufacturer’s stated accuracy, investigate installation of sensor 
(i.e., 5-10 pipe/duct diameters downstream, etc), programming of sensor (i.e., SVNTs, range, 
voltage instead of mA and resistance causing high voltage drop, etc.), transient issues (i.e., 
turbulence, diffuser blowing on sensor). If investigation uncovers potential source of error, 
correct sensor installation.  

H. If no errors are found and sensor’s accuracy is between 100 and 200% of manufacturer’s 
stated accuracy, provide: 
1. Single-point offset for sensors whose readings will vary less than 20% (ex., room 

temperature).  
2. Two-point calibration for sensors whose readings will vary greater than 20%. 
3. Document actual value, sensor reading, and offset/calibration values.  

I. If no errors are found and sensor’s accuracy is greater than 200% of manufacturer’s stated 
accuracy, replace sensor. Alternatively, provide documentation for approval as to why 
sensor’s error is more than 200% of manufacturer’s stated accuracy. 

J. Work with Testing and Balance (TAB) Contractor to input calibrations performed within TAB 
Contractor’s scope of work. Provide dedicated personnel to assist TAB Contractor during 
their work, provide a fully functioning TAB graphical screen on the BAS for TAB Contractor 
use, or provide means to adjust TAB via wall module. Assist TAB Contractor with questions 
regarding TAB graphical screen. 

K. Do not calibrate any sensor which has a guaranteed installed accuracy, such as airflow 
monitoring stations (AFMS) or water flow sensors. 

3.10. FUNCTIONAL PERFORMANCE TESTING (FPT) PROCEDURE 
A. Perform point-to-point testing/checkout, start-up testing, adjusting/calibration testing, 

configuration, and programming on all MEP Equipment and the BAS as a whole to provide a 
complete and fully functioning BAS.  

B. BAS shall be complete and fully functioning prior to any Functional Performance Testing 
(FPT). Assist Owner and/or Owner Representatives, which may include but is not limited to 
the Engineer, Architect, Commissioning Agent (CxA), and/or Testing and Balance (TAB) 
Firm, with FPT, which may include but is not limited to verification, commissioning, and/or 
Graphical User Interface (GUI) acceptance testing. Provide dedicated personnel to those 
activities as specified herein or as requested by Owner. 

C. Provide documentation as specified to prove the BAS is complete and fully functional prior to 
FPT activities. 
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D. At a minimum, perform the following FPT procedures. The following may be achieved within a 
Commissioning Plan or another FPT as required within the Contract Documents. 
1. Provide Owner an agenda and schedule of FPT activities for approval and coordination 

as part of Action Submittals.  
2. Complete all necessary installation to have a complete and fully functional BAS. Provide 

written notice that BAS is ready for FPT. 
3. Demonstrate BAS systems to Owner. Perform FPT including but not limited to Sequence 

of Operation, point-to-point verification to graphical interface, historical data logging, and 
alarms. 

4. Owner to provide detailed punch list to Contractor. 
5. Contractor to repair issues on Owner punch list within five business days. 

3.11. CLOSEOUT 
A. Upon completion of Functional Performance Testing (FPT), Contractor provides all 

requirements as specified in 1.13 Close-Out Submittals to Owner.  
B. Contractor trains Owner on all aspects of the BAS including architecture, devices, software, 

and final Sequences of Operation. 
C. Owner issues letter to Contractor declaring that system is Substantially Complete. Date of 

this letter starts the Warranty Period. 
D. Final Acceptance. Owner issues letter to Contractor accepting system. Final pay app can be 

issued for release of any remaining contingency funds. 
3.12. CONTROL PANELS 

A. Install Control Panels at locations in accordance with the Contract Documents and/or Owner. 
Ensure proper service clearances will be achieved at the end of construction. Control Panels 
without proper service clearances will be relocated at no cost to Owner. 

B. For any Control Panel that exceeds 16 inches in any dimension, provide a trough 
above/below Control Panel. Trough shall be separated into high and low voltage. Provide a 
high and low voltage conduit or nipple between trough and Control Panel, sized appropriately 
for the high and low voltage wiring. All other conduit that serves the Control Panel shall 
enter/exit the trough. Do not terminate any other conduit(s) to the Control Panel outside of 
two conduits/nipples identified.  

C. Provide a service loop for all controls wiring. Service loop will be installed in trough (where 
provided) or inside Control Panel cable tray (where allowed).  

D. Contractor shall extend power to the Control Panel from a junction box or an acceptable 
location.  

3.13. GRAPHICS/OPERATOR INTERFACE 
A. The graphics shall comply with the Owner’s standards and requirements.  
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PART 4 - FIGURES 
4.1. NETWORK DIAGRAM 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 

PART 1 - GENERAL 
1.1. APPLICABLE SECTIONS 

A. 15900 Building Automation Systems 

PART 2 - PRODUCTS 
2.1. GENERAL 

A. Provide BAS Components as indicated in the Contract Documents, Sequence of Operation, 
control diagrams, points lists, Specifications, or as needed to perform the intended operations 
consistent with the design intent of the BAS and design/performance intent of the MEP 
Equipment. 

B. Provide with metal enclosure for all plenum applications. Any sensor mounted in plenum that 
has a plastic enclosure will be rated for plenum installation or installed in a plenum-rated 
enclosure. 

C. All sensors shall be vibration and corrosion resistant. 
D. Accuracy statements are written for the specific sensor. Installation shall not degrade 

accuracy more than double what accuracy statement for sensor requires. 
E. Enclosures: 

1. Provide suitable enclosure for BAS Component for ambient conditions encountered by 
application.  

2. NEMA Type 1 or 2 for indoor and protected applications.  
3. NEMA Type 3R, 4 or 4X for outdoor and unprotected applications. 

2.2. TEMPERATURE SENSORS, STANDARD ACCURACY 
A. Manufacturers: 

1. ABB 
2. ACI 
3. BAPI 
4. Distech 
5. Honeywell 

B. General Requirements: 
1. Sensor shall be thermistor or RTD inherently compatible with BMS. 
2. Accuracy: ±0.5 deg F over 32 to 158 deg F range. 
3. Operating Temperature Range: -40 to 300 deg F. 

C. Outside Air Temperature (OAT) Sensor: Sensor installed in wall-mounted weatherproof 
enclosure with conduit entrance, with PVC sun and windscreen as required. 

D. Duct-Mounted Single-Point Temperature Sensor: Rigid sensor sealed in 0.25-inch stainless 
steel probe of length between one-third and two-thirds of the duct width in duct-mounted 
metal housing with conduit entrance. 

E. Duct-Mounted Averaging Element Temperature Sensor: Multi-point sensor, contained in a 
flexible copper or woven continuous metallic sheath, with length sized for duct. 
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1. Provide a minimum of 1 foot of sensing element for every three square feet of duct/coil 
area. Multiple averaging elements may be required. 

2. Averaging elements shall be used where ducts are prone to stratification, and 
downstream of heating/cooling coils. 

3. Where multiple sensors are provided, sensors may be wired in a series-series, parallel-
parallel pattern (requires four or nine sensors) in lieu of multiple inputs. 

4. Plenum rated sheaths are not acceptable. 
F. Wall-Mounted Flat-Plate Temperature Sensor: Stainless steel, flat plate sensor that fits in a 

standard 2-inch by 4-inch junction box with tamperproof screws. Provide with insulated back. 
G. Thermowell-Mounted Immersion Temperature Sensor: Rigid sensor sealed in 0.25-inch 

stainless steel probe, with three-part moisture protection system, that has minimum length of 
20% of the pipe width. Provide machined, single-piece brass or stainless steel thermowell 
compatible with sensor housing. 

H. Strap-On Piping Temperature Sensor: Sensor with metal clamps to fasten to piping. Strap-on 
sensors are only acceptable where specifically called for in Contract Documents. Thermowell 
and insertion sensor shall be installed where strap-on temperature sensor not specifically 
called for. 

I. Cooler/Freezer Temperature Sensor: Use bullet probe style sensor. 
2.3. TEMPERATURE SENSORS, MATCHED PAIR 

A. Where two temperature sensors will be used together to calculate a BTU measurement, 
provide a matched pair. 

B. General Requirements 
1. All requirements for Standard Accuracy Temperature Sensors are applicable, except 

where more stringent below. 
2. Sensor shall be thermistor or RTD with matched transmitter, bath calibrated, 4-20mA 

output proportional to temperature range and compatible with BAS and 24 Vac/dc power 
supply. 

3. Differential Accuracy: ±0.15 deg F at 70 deg F. 
4. Measurement Range: 32 to 200 deg F. 
5. Range of sensor output shall be appropriate for the application the sensor is installed in. 

Range of the output shall be set at the factory and shown on the provided documentation.  
2.4. HUMIDITY SENSORS, STANDARD ACCURACY 

A. Manufacturers 
1. ABB 
2. ACI 
3. BAPI 
4. Distech 
5. Honeywell 

B. General Requirements: 
1. Laser-trimmed thermoset polymer-based capacitive-type sensor, 4-20mA or 0-10Vdc 

output proportional to relative humidity range of 0% to 100% and 24 Vac/dc power 
supply. 

2. Accuracy: ±2 percent over 10 to 90 percent range. 
3. Measurement Range: 0-100%. 
4. Operating Temperature Range: -40 to 140 deg F. 
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C. Outside Air Relative Humidity (OAH) Sensor: Sensor installed in wall-mounted weatherproof 
enclosure with conduit entrance, with PVC sun and windscreen as required. 

D. Duct-Mounted Relative Humidity Sensor: Sensor in duct-mounted plenum-rated housing with 
conduit entrance. 

E. Wall-Mounted Relative Humidity Sensor: Sensor in white plastic enclosure with insulated 
back. 

2.5. COMBINATION RELATIVE HUMIDITY AND TEMPERATURE SENSORS 
A. Where there is a requirement for the monitoring of both relative humidity and temperature at 

the same location, provide combination relative humidity and temperature sensors. The 
individual sensors must each meet the specifications details herein. 

B. Where required in the drawings, combination relative and humidity sensors shall have the 
ability to output additional parameters, including dew point, enthalpy, and wet bulb 
temperature. 

2.6. WALL MODULES AND ROOM SENSORS, STANDARD ACCURACY 
A. General 

1. Wall modules and room sensors cover devices which mount on a wall and provide an 
interface between the MEP Equipment and the occupant. 

B. Manufacturers: Provide a wall module consistent with the manufacturer providing the overall 
controls. 

C. General Requirements: 
1. Wall modules which measure including but not limited to temperature, relative humidity, 

and/or carbon dioxide must each meet the specifications details herein. 
2. Provide with plastic enclosure with display, override switch, override indicator, and 

setpoint adjustment. 
2.7. DRY (AIR) PRESSURE SWITCH 

A. Manufacturers 
1. Dwyer 
2. Cleveland Controls 

B. General Requirements 
1. Diaphragm pressure switch with SPDT contacts. 
2. Sensor shall be uni-directional. 
3. Manual or automatic reset, in accordance with Contract Documents. 
4. Setpoint adjustment knob. 
5. Accuracy: ±2 percent of full scale output. 
6. Measurement Range: 0 to 12 in wg. 
7. Operating Temperature Range: -4 to 185 deg F. 

C. “Paddle-style” air flow switches are not allowed. Use dry pressure switch in lieu of paddle.  
2.8. DRY (AIR) PRESSURE SENSOR, STANDARD ACCURACY 

A. Manufacturers 
1. ACI 
2. Honeywell 
3. Setra 
4. Veris 
5. ABB 
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B. General Requirements 
1. Diaphragm pressure transducer and amplifier type sensor, 4-20mA or 0-10Vdc output 

proportional to pressure range and compatible with BMS system and 24 Vac/dc power 
supply. 

2. Sensor shall be uni- or bi-directional for application as stated below. 
3. Sensor shall have local display. 
4. Accuracy: ±1 percent of full-scale output/selected range. 
5. Measurement Range: See applications below. 
6. Operating Temperature Range: -4 to 140 deg F. 
7. Burst pressure: 5 psid. 

C. Duct-Mounted Static Pressure Sensors: 
1. Uni-directional.  
2. Measurement Range: 0 to 5 in wg. for low and medium pressure applications and higher 

as required for high pressure applications. 
D. Room Pressure Sensors:  

1. Bi-directional.  
2. Measurement Range: -0.2 to 0.2 in wg. 
3. Provide with surge damper (Amphenol SD-01 or equivalent) and room static pressure 

pickup with fine stainless steel mesh filter. 
E. Building Pressure Sensors:  

1. Bi-directional.  
2. Measurement Range: -0.2 to 0.2 in wg. 
3. Provide outside air reference kit, (Dwyer A-306 or equivalent), with tubing, mounting 

bracket and required hardware. 
4. Provide with surge damper (Amphenol SD-01 or equivalent) and room static pressure 

pickup with fine stainless steel mesh filter. 
F. Air Filter/Coil Differential Pressure Sensors:  

1. Uni-directional. 
2. Measurement Range: 0 to 2 in wg and higher as required. 
3. Provide with static pressure probe(s). 

2.9. WET (WATER) PRESSURE SWITCH 
A. Manufacturers 

1. Ashcroft 
B. General Requirements 

1. Diaphragm pressure switch with SPDT contacts. 
2. Sensor shall have stainless steel wetted components in a weatherproof wiring housing. 
3. Sensor shall be uni-directional. 
4. Manual or automatic reset, in accordance with drawings. 
5. Setpoint adjustment knob. 
6. Accuracy: ±2 percent of full scale output. 
7. Measurement Range: 0 to two times the setpoint or anticipated pressure. 
8. Operating Temperature Range: -20 to 150 deg F. 

C. “Paddle-style” water flow switches are not allowed. Use wet pressure switch in lieu of paddle.  



DIVISION 15B                                                          HEATING, VENTILATING, AND AIR CONDITIONING 
SECTION 15910                                                                                         BAS SENSORS AND DEVICES 
 

8/23/2024 15910 - 5 

 

2.10. WET (WATER) PRESSURE SENSOR 
A. Manufacturers 

1. Senva 
2. Setra 
3. Veris 
4. ABB 

B. General Requirements 
1. Diaphragm pressure transducer and amplifier type sensor, 4-20mA or 0-10Vdc output 

proportional to pressure range and 24 Vac/dc power supply. 
2. Sensor shall have stainless steel wetted components in a weatherproof wiring housing. 
3. Sensor shall be uni-directional, unless bi-directional required for reversing flow. 
4. Sensor shall have local display. 
5. Accuracy: ±0.25 percent of full-scale output/selected range. 
6. Measurement Range: See applications below. 
7. Operating Temperature Range: See applications below. 
8. Proof Pressure: two times rated input pressure, or greater. 
9. Burst Pressure: five times rated input pressure, or greater. 

C. Water “Gauge” Pressure Sensors: 
1. Measurement Range: 0 to two times the setpoint or anticipated pressure. 
2. Operating Temperature Range: 0 to 175 deg F. 

D. Water Differential Pressure Sensors: 
1. Measurement Range: 0 to two times the setpoint or anticipated pressure. 
2. Operating Temperature Range: 0 to 175 deg F. 

E. Provide with four or five valve manifold. Sensor to be connected to manifold at factory. 
2.11. CURRENT SWITCHES/TRANSDUCERS 

A. Manufacturers 
1. ACI 
2. Setra 
3. Veris 
4. ABB 

B. General Requirements 
1. Sensor shall be rated for their associated motor load and voltage, have input and output 

isolation, and have LED indication of status. 
2. Sensor shall be selected based on application, including but not limited to standard 60 

hertz motors, variable speed drive, or ECM. 
3. Accuracy: ±2 percent of full-scale output. 
4. Measurement Range: 0 to two times the anticipated current. 
5. Operating Temperature Range: 5 to 140 deg F. 

C. Current Switch (CS):  
1. Self-powered current switch with N.O. contacts.  
2. Provide with adjustable trip point where indicated in Contract Documents, or as required 

for proper operation for application. 
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D. Current Transducer (CT):  
1. Sensor with 4-20mA or 0-10Vdc output proportional to current draw and 24Vac/dc power 

supply. 
2.12. CARBON DIOXIDE SENSORS 

A. Manufacturers 
1. Honeywell 
2. Vaisala 
3. Veris 
4. ABB 

B. General Requirements 
1. Non-dispersion infrared (NDIR) type sensor, 4-20mA or 0-10Vdc output proportional to 

carbon dioxide (CO2) range and 24 Vac/dc power supply. 
2. Sensor shall have local display. 
3. Accuracy: ±2 percent of reading, or 30 ppm, whichever higher. 
4. Measurement Range: 0 to 2000 ppm. 
5. Operating Temperature Range: 32 to 122 deg F. 
6. Standard Calibration: No maintenance or periodic sensor replacement needed. The 

sensor shall have a 5-year calibration interval, utilizing an automatic unoccupied period 
calibration.  

C. Wall-Mount Carbon Dioxide Sensors: Sensor with plastic enclosure that fits on a standard 2-
inch by 4-inch junction box.  

D. Duct-Mount Carbon Dioxide Sensors: Sensor with sampling tube, duct-mounted metal 
housing with conduit entrance.  

E. Where CO2 is provided beside temperature and/or humidity sensors, it shall be provided 
separately and not combined into a single sensor. 

2.13. AIRFLOW MEASUREMENT STATION (AFMS) 
A. Manufacturers 

1. Ebtron 
B. General Requirements 

1. Thermal dispersion type flow sensor, composed of one or more sensor probes (multiple 
sensors per probe) and transmitter, 4-20mA or 0-10Vdc output proportional to flow range 
and 24 Vac/dc power supply. 

2. Measurement will be made using the principle of thermal dispersion. Provide one self-
heated bead-in-glass thermistor and one zero power bead-in-glass thermistor at each 
sensing node. Thermal dispersion devices that indirectly heat a thermistor are not 
acceptable. Other measurement technologies are not acceptable. 

3. Sensor probe tubes and mounting brackets shall be constructed of gold anodized, 6063 
aluminum alloy, 304 stainless steel, or 316 stainless steel. 

4. Internal wiring in probes shall be resilient to exposure of moisture and not effect sensor 
operation. 

5. Sensor probe shall be comprised of multiple sensors, with calibration data stored in the 
cable connecting plug, such that switching transmitters will automatically read 
corresponding calibration and sensor data. Quantity of sensors per probe and quantity of 
probes shall vary based on duct/fan configuration to provide the required accuracy. 
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6. Accuracy: ±3 percent of reading over full scale, when installed in accordance with 
manufacturer guidelines. ±5 percent of reading over full scale for outdoor air intakes, 
when installed in accordance with manufacturer guidelines. Accuracy is for installed air 
flow monitoring sensor, not for individual sensors in each probe. 

7. Measurement Range: 0 to 5,000 feet per minute (fpm). 
8. Operating Temperature Range: Probes: -20 to 160 deg F. Transmitter: -20 to 120 deg F. 
9. Sensing elements will be NIST traceable.  
10. Transmitter:  

a. Heavy-duty construction with LED display with 4-20mA air flow and temperature 
output signals. Outputs may be field configured for additional signals. 

b. Capable of communicating with BAS on communication protocol as specified in 
15900 

c. Transmitter shall generate alarms for individual sensor errors and transmit over the 
BMS network. 

d. Transmitter will be provided with Bluetooth low-energy interface card, capable of 
transmitting information to Android or iOS devices. 

C. Duct Air Flow Measuring Stations: Probes will be ordered specific to duct as installed in field.  
D. Fan Inlet Air Flow Measuring Stations: The sensing element shall be specifically designed to 

measure air flow of a centrifugal fan at the inlet cone. Coordinate mounting style with fan 
selection and manufacturer recommendations. For double-inlet fans, provide one set of 
elements for each inlet. 

2.14. INSERTION TURBINE WATER FLOW METERS 
A. Manufacturers 

1. Onicon F-1000 series 
B. General 

1. Provide with NIST traceable, wet calibrated flow-measuring element, integral transmitter 
(4-20mA or 0-10Vdc output proportional to flow range), installation valves, depth gage, 
calibration certificate, and attached tag indicating calibration information. 

2. Flow meter shall be wet tappable, allowing insertion and removal from the flow stream 
without system shutdown. 

3. Provide power from 24 Vac/dc power supply. 
4. Contractor shall be responsible for selecting flow meter options submitted based on 

application. Flow meter shall be constructed, calibrated, and scaled for the intended 
application in terms of pipe size, pipe material, installation requirements, expected flow 
rate, ambient conditions, and fluid characteristics which include but are not limited to 
pressure, temperature, conductivity, and viscosity.  

5. Single or dual axial insertion turbine design with electronic impedance-based sensing 
circuit. Dual insertion turbine shall incorporate two contra rotating turbines and an 
averaging circuit to reduce measurement errors due to flow distortions, such as swirl, 
when installed in piping configurations with reduced straight run. 
a. Coordinate single or dual turbine requirements with as-built conditions to ensure 

accuracy is achieved as specified. 
6. 316L stainless steel construction. 
7. Maximum pressure rating: 400 psig or greater. 
8. Maximum temperature rating: 280°F or greater. 
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9. Accuracy: ±2 percent of reading from 0.4 to 20 fps, when installed in accordance with 
manufacturer guidelines. 

10. Flow range: 0 to 20 fps 
11. Provide with installation kit appropriate for application.  

C. Application 
1. Chilled water, chilled glycol, hot water, or any other media which contains minimal 

particulate.  
2.15. INSERTION ELECTROMAGNETIC WATER FLOW METERS 

A. Manufacturers 
1. Onicon F-3500 Series 

B. General 
1. Provide with NIST traceable, wet calibrated flow-measuring element, integral transmitter 

(4-20mA or 0-10Vdc output proportional to flow range), installation valves, depth gage, 
calibration certificate, and attached tag indicating calibration information. 

2. Flow meter shall be wet tappable, allowing insertion and removal from the flow stream 
without system shutdown. 

3. Provide power from 24 Vac/dc power supply. 
4. Contractor shall be responsible for selecting flow meter options submitted based on 

application. Flow meter shall be constructed, calibrated, and scaled for the intended 
application in terms of pipe size, pipe material, installation requirements, expected flow 
rate, ambient conditions, and fluid characteristics which include but are not limited to 
pressure, temperature, conductivity, and viscosity.  

5. Electromagnetic sensing element shall utilize two sets of diametrically opposed 
electrodes to measure the average flow rate velocity.  

6. 316L stainless steel construction. 
7. Maximum pressure rating: 400 psig or greater. 
8. Maximum temperature rating: 200°F or greater. 
9. Accuracy: ±1 percent of reading from 2 to 20 fps, when installed in accordance with 

manufacturer guidelines. 
10. Flow range: 0 to 20 fps 
11. Provide with installation kit appropriate for application.  

C. Application 
1. Condenser water or any other media which contains particulate.  

2.16. BTU (ENERGY) METERS 
A. Manufacturers 

1. Onicon System 10 
B. General 

1. Water flow meter, dual temperature sensors, and transmitter, 4-20mA or 0-10Vdc output 
proportional to flow range and each temperature (3 analog outputs total), and 24 Vac/dc 
power supply. 

2. Provide water flow meter in accordance with the specification herein. 
3. Provide matched temperature sensors in accordance with the specification herein. 
4. Transmitter 
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a. Provide with local display and operator interface. Display shall visually indicate 
instantaneous flow rate, supply temperature, return temperature, thermal energy flow 
rate (MBH). 

b. Capable of communicating with BAS on communication protocol as specified in 
15900 

2.17. THERMOSTATS 
A. Manufacturers 

1. ACI 
2. Honeywell 
3. ABB 
4. Schneider Electric 

B. General 
1. Label switches "FAN ON-OFF", "FAN HIGH-LOW-OFF", "FAN HIGH-MED-LOW-OFF", 

or as applicable. 
2. Mount on standard junction box. 
3. Thermostat portion must meet the specifications details herein as required for application. 

C. Digital Stand-Alone Thermostat 
1. Electronic, solid-state, microcomputer-based room thermostat. 
2. Automatic switching from heating to cooling. 
3. PID control to minimize overshoot and deviation from setpoint. 
4. Set up for four separate temperatures/periods per day, with individual programming for 

each day of the week (4 programs per day, 7 days per week, 28 potential programs). 
5. Instant override of setpoint for continuous or timed period from 1 hour to 31 days. 
6. Short-cycle protection. 
7. Selection features include degree F or degree C display, 12- or 24-hour clock, keypad 

disable, and fan on-auto-circulate. 
8. Powered off unit 24Vac transformer, with solid-state memory in which programming is 

retained on power failure. Battery acceptable only for time and date upkeep during power 
failure. 

9. Thermostat display features include the following: time of day, actual room temperature, 
programmed temperature, programmed time, duration of timed override, day of week, 
and system mode indications include "heating," “cooling,” "off," "fan auto," “fan circulate,” 
and "fan on." 

10. Combination Thermostat, Humidistat, Carbon Dioxide, and/or Occupancy Sensor: Where 
there is a requirement for a thermostat with humidistat, carbon dioxide, and/or occupancy 
sensing functions at the same location, provide combination unit. The individual sensors 
must each meet the specifications details herein. 

11. Provide remote sensing element (electronic sensor) as required for application. 
D. Low-Voltage, On-Off Thermostats 

1. 24Vac, bimetal-operated, mercury-free, heat anticipator, concealed set-point adjustment, 
space temperature indicator, 55 to 85 deg F setpoint range, and 2 deg F maximum 
differential. 

2. Selector Switch: Integral, manual on-off-auto. 
E. Line-Voltage, On-Off Thermostats 
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1. Line voltage listed for electrical rating, bimetal-operated, mercury-free, open contact or 
bellows-actuated, snap-switch or equivalent solid-state type, heat anticipator, concealed 
set-point adjustment, space temperature indicator, 55 to 85 deg F setpoint range, and 2 
deg F maximum differential. 

2. Electric Heating Thermostats: Equip with off position on dial wired to break ungrounded 
conductors. 

3. Selector Switch: Integral, manual on-off-auto. 
4. Combination Thermostat and Fan Switches: Push-button or lever-operated fan switch. 

F. Freezestat/Low-Limit Duct Thermostat (LTD) 
1. Manual reset switch. 
2. Snap-acting SPDT with gas/refrigerant filled copper capillary that trips if temperature 

sensed across any 12 inches of bulb length is equal to or below setpoint. Sensing range 
15 to 55 deg F. 

3. Bulb Length: Sized for duct/coil with minimum 5 feet. 
4. Quantity: Provide a minimum of 1 foot of sensing element for each square foot of 

duct/coil area. Multiple Low-Limit Thermostats may be required. 
G. High-Limit Humidistat 

1. Snap acting SPDT, duct or room mount, automatic reset switch that trips if humidity 
sensed is equal to or above setpoint. Sensing range 15 to 95% relative humidity. 

H. Strap-On Piping Aquastat Temperature Sensor 
1. Snap acting SPDT, pipe mount, automatic or manual reset switch (as indicated in 

Contract Documents) that trips if temperature sensed is equal to or above setpoint. 
Sensing range appropriate for application.  

2.18. RELAYS 
A. Manufacturers 

1. IDEC 
2. Functional Devices 
3. Veris 
4. ABB 

B. General Requirements 
1. Electrically rated for application, minimally SPDT with 10A (resistive) contacts.  
2. Provide with LED indicator light. 
3. Provide with hand-off-auto (HOA) unless otherwise specified. HOA not required if 

controller has internal HOA or output being controlled has HOA (i.e. VFD). 
4. Plenum rated where required. 

C. BAS Panel-Mounted Relays: “ice-cube” / socket style with mounting base and replaceable 
relay. Relays in panel will be screw terminal terminations; relays with wiring whip from factory 
are not allowed for panel mounting.  

D. Nipple-Mounted Relays: enclosed relay compatible with conduit knockout. Acceptable for 
field use. With or without factory-provided wiring whip.  

E. Track-Mounted Relays: acceptable for use in terminal unit control panels. Screw terminal 
terminations. Track-mounted relays are not to be installed in field unless inside an equipment 
control panel (i.e., no track-mounted relays in electrical boxes).  

F. Combination Motor Starter / Current Switch Relays: allowed only for single-phase equipment 
and must be mounted such that pilot light is exposed (i.e., combination motor starter / current 
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switch relays which install inside of motor starter/VFDs are not allowed). The individual 
sensors must each meet the specifications details herein. 

2.19. ADDITIONAL SENSORS AND DEVICES 
A. Shaft-Mounted Limit Switches: SPDT/DPDT mercury-free, gravity-actuated mechanical 

switch with adjustable shaft connection.  
B. Whisker Limit Switches: SPDT/DPDT mechanical whisker switch with adjustable trim arm. 
C. Condensate Drain Pan Overflow Safety Switch: Low-voltage, float-type safety switch 

designed for condensate drain pan high-level alarm for unit shutdown and alarming. Little 
Giant Pump/Franklin Electric (ACS series) or equal. Whisker switch with foam float is not 
acceptable. 

D. Water Leak Detection Alarm: Adjustable-height multi-point water detection sensor 
constructed to be corrosion and abrasion resistant and configured for normally open or 
normally closed as required by the application with 24Vac/dc power supply. Provide remote-
mounted sensing probe and cable as needed for each application. Operating Temperature 
Range: -40 to +185 deg F. 

E. Emergency Stop Buttons: ADA-compliant, red emergency pushbutton in yellow 
polycarbonate plastic enclosure with clear flip-up cover and stainless steel backplate. Button 
shall be reset by twisting or pulling out the button; a procedure that requires disassembly or a 
key is not acceptable. 120V or 24 V as needed. Provide label with indication of operation (ex. 
“Boiler E-Stop”). Safety Technology International (STI) Stopper Station series or equal.  

2.20. ELECTRONIC ACTUATORS 
A. Manufacturers: All valve actuators shall be supplied from a single manufacturer. All damper 

actuators shall be supplied from a single manufacturer. Provide actuators manufactured by 
one of the following: 
1. Belimo 
2. Honeywell 
3. ABB 
4. Schneider Electric (TAC Dura-Drive) 

B. General 
1. Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque. 
2. Actuators shall operate related valve(s)/damper(s) with sufficient reserve power to 

provide smooth modulating action or two-position action and proper speed of response at 
velocity and pressure conditions to which the valve/damper is subjected. 

3. Actuators shall produce sufficient power and torque to close off against the maximum 
system pressures encountered. Actuators shall be sized to close off against the designed 
pump/fan shutoff pressure as a minimum requirement. 

4. Select actuators to fail in desired position in the event of a power failure. See Contract 
Documents for power failure modes. 

5. Provide a position indicator and graduated scale on each actuator indicating open and 
closed travel limits. 

6. Type: Motor operated, with gears, electric and electronic. 
7. Voltage: 24Vac unless otherwise specified. 120V actuators may be allowed if coordinated 

by BAS Contractor with Electrical Contractor to provide local disconnect and power. 
Circuit must be fed from the same power panel as the MEP Equipment or Control Panel 
and a spare circuit must be available. 
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8. Power: Contractor is responsible for sizing control transformers based on the VA of the 
actuator(s) selected.  

9. Provide electronic overload protection throughout the entire operating range in both 
directions. 

10. Coupling: V-bolt and V-shaped, toothed cradle. Bolt and set screw method of attachment 
is unacceptable. 

11. Actuators shall be capable of being mechanically and electrically paralleled to increase 
torque if required. 

12. Two-Position Actuators: Single direction, spring return or non-spring return type. 
13. Modulating Actuators: 

a. Capable of stopping at all points across full range and starting in either direction from 
any point in range.  

b. Control Input Signal:  
A) Three Point, Tristate, or Floating Point: Clockwise and counter-clockwise inputs. 

One input drives actuator to open position, and other input drives actuator to 
close position. No signal of either input, the actuator remains in the last position.  

B) Proportional: Actuator drives proportional to input signal and modulates 
throughout its angle of rotation. Suitable for 0-5Vdc, 0-10Vdc, 1-5Vdc, 2-10Vdc, 
and 4-20mA signals.  

c. Floating control actuators shall be allowed only for damper and valve control for room 
terminal units where there is not a room pressurization requirement. See General 
Requirements for definition of those spaces. Use of floating controls must be 
specifically requested by Contractor for specific spaces and reviewed by Owner. 
Submission of floating control actuators without specific comment by Contractor for 
spaces and the resulting review by Owner does not constitute approval for use. 

d. Pulse width modulation (PWM), or any other analog signal that is not specified above 
is not allowed. 

14. Position Feedback: Where indicated, equip two-position actuators with auxiliary switches 
(SPDT) for remote monitoring of open and/or closed position. Point of open and/or closed 
position can be adjusted over the actuators range of operation (0-100%). Where 
indicated, equip modulating actuators with a position feedback through current and/or 
voltage signal for remote monitoring.  

15. Fail-Safe: Where indicated, provide actuator to fail via a mechanical spring return 
mechanism, to drive controlled device to an end position (open or close) on loss of 
power. Electronic fail-safe is not allowed, unless specifically reviewed and accepted by 
Owner. Provide external, manual gear release on non-spring return actuators. 

16. Temperature Rating: 
a. Standard Dampers and Valves: -22 to +122 deg F. 
b. Smoke Dampers: -22 to +250 deg F. 

17. Provide actuator enclosure with a heater and thermostat where required by application. 
18. Stroke Time: 

a. Normal: 120 seconds or less from fully closed to fully open, or fully open to fully 
closed.  

b. Fast-Acting: 12 seconds open, 5 seconds closed unless otherwise noted. 
C. Damper Actuators 
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1. The total damper area operated by an actuator shall not exceed 80 percent of damper 
manufacturer's maximum area rating. 

2. Provide one actuator for each damper assembly where possible. Multiple actuators 
required to drive a single damper assembly shall operate in unison off a single control 
signal. 

3. Avoid the use of excessively oversized actuators which could overdrive and cause 
linkage failure when the damper blade has reached either its full open or closed position.  

4. Use shaft couplings in lieu of blade-to-blade linkages when driving axially aligned damper 
sections. 

5. Actuator will mount directly to damper with coupler as described above. No foot mount 
kits, jackshafts, or linkages shall be used. 

6. Sizing: Size for running torque calculated as follows: 
a. Parallel-Blade Damper with Edge Seals: 7 inch-lb/sqft. of damper. 
b. Opposed-Blade Damper with Edge Seals: 5 inch-lb/sqft. of damper. 
c. Parallel-Blade Damper without Edge Seals: 4 inch-lb/sqft. of damper. 
d. Opposed-Blade Damper without Edge Seals: 3 inch-lb/sqft. of damper. 
e. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1,000 to 2,500 

fpm: Increase running torque by 1.5. 
f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2,500 to 3,000 

fpm: Increase running torque by 2.0. 
D. Smoke and Combination Fire/Smoke Damper Actuators 

1. Actuator shall come connected to damper as a rated assembly, sized per the damper 
manufacturer’s requirements, and meet the specifications herein. 

2. Actuators operating in smoke control systems shall comply with governing code and 
NFPA requirements. 

E. Valve Actuators 
1. Valve actuators will be direct coupled “rotary-style” unless otherwise specified. Where 

required, direct coupled “linear-style” actuators may be used.  
2. Sizing 

a. Hydronic: Size for torque required to achieve valve close off at 150% of maximum 
pump differential pressure. 

b. Steam: Size for torque required to achieve valve close off at 150% of steam design 
pressure. 

2.21. CONTROL VALVES 
A. General 

1. Factory fabricated, of type, body material, and pressure class based on maximum 
pressure and temperature rating of piping system, unless otherwise indicated. 

2. Control valves assemblies shall be provided and delivered from a single manufacturer as 
a complete assembly, with the actuator installed at the factory. 

3. Control valves shall be two- or three-way as specified in Contract Documents. 
4. Provide with extended neck as required to accommodate insulation thicknesses.  
5. Refer to Division 15 for general information about valve construction and installation. 

B. Hydronic Ball-Style Control Valves 
1. Manufacturers 
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a. Belimo (CCV Series) 
b. Honeywell (VB Series) 

2. Construction 
a. 2-Inch NPS and Smaller: 350 psi at 250 deg F brass/bronze body, stainless steel ball 

with matching blow-out proof stem, full port with stainless steel or composite 
characterizing insert, Teflon seats, dual EPDM O-ring seals, solder or threaded ends. 

b. 2 1/2-Inch NPS and Larger: 175 psi at 250 deg F iron body, stainless steel ball and 
matching blow-out proof stem, full port with stainless steel or composite 
characterizing insert, Teflon seats, dual EPDM O-ring seals, ANSI Class 125/150 
flanged ends. 

c. ANSI class IV seat leakage for two-way, ANSI class IV seal leakage for three-way A-
Port and class III for B-Port. 

3. Flow Characteristics 
a. Two-way two-position valves shall be full port. 
b. Two-way modulating valves shall have equal percentage characteristics.  
c. Three-way valves shall have equal percentage characteristics on A-Port and linear 

characteristics for B-Port. Bypass applications shall have linear percentage 
characteristics. 

4. Sizing 
a. Two Position: Line size or size using a 1 psig pressure differential. 
b. Two-Way Modulating: Size using 4 psig or equal to the load pressure drop, 

whichever is greater. 
c. Three-Way Modulating: Size using 4 psig or equal to the load pressure drop, 

whichever is smaller. 
d. Effective Cv: for any valve smaller than line size, the pressure drop due to the 

reduction in pipe size shall be taken into effect. Provide effective Cv on submittal. 
C. Hydronic Butterfly-Style Control Valves 

1. Manufacturers 
a. Belimo (HD Series) 
b. Honeywell (VFF Series) 

2. Construction 
a. 2 to 12-Inch NPS: Class 125/150 cast-iron full-lugged body, stainless steel disc, 

EPDM seat and extended neck. Disc-to-stem connection shall utilize an internal 
spline. 

b. 14-Inch NPS and Larger: Class 125/150 cast-iron full-lugged body, stainless steel 
disc, EPDM seat and extended neck. Disc-to-stem connection shall utilize a dual-pin 
method. 

c. Leakage: 200 psid zero leakage for 2 to 12-inch NPS and 150 psid zero leakage for 
14-inch NPS and larger. 

3. Sizing 
a. Two Position: Line size or size using a 1 psig pressure differential. 
b. Two-Way Modulating: Size using 3 psig or equal to the load pressure drop, 

whichever is greater. Size for the design flow with the disc at 60-degree open position 
and the design velocity less than 12 FPS. 
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c. Effective Cv: for any valve smaller than line size, the pressure drop due to the 
reduction in pipe size shall be taken into effect. 

D. Pressure-Independent Hydronic Ball-Style Control Valves 
1. Manufacturers 

a. Belimo (PIQCV up to 3/4”; ePIV for 1” and up) 
2. General 

a. Valve shall meet all the requirements set forth in the Hydronic Ball-Style Control 
Valve section, in addition to the requirements below. 

b. Operating Differential Pressure Range: 5 to 50 psid or better. 
c. The flow through the valve shall not vary more than +/- 5% due to system pressure 

fluctuations across the valve in the selected operating range. The control valves shall 
accurately control the flow from 0 to 100% full rated flow.  

3. Construction 
a. Mechanical pressure regulation style PIC valves shall have factory installed 

pressure/temperature test ports (Pete’s Plugs) across the pressure regulator at the 
factory.  

b. Pressure independent control valves 1” NPT or larger may use ultrasonic flow 
measurement. The ultrasonic flow meter will meet the specifications herein. 

4. Flow Characteristics: see Hydronic Ball-Style Control Valves. 
5. Sizing 

a. Valve shall be sized at line size for the GPM specified of MEP Equipment.  
b. Provide minimum and maximum full-open pressure drop of valves. 

PART 3 - EXECUTION 
3.1. GENERAL INSTALLATION 

A. Install aspirating guards on wall-mounted devices in the following locations: 
1. Building entrances. 
2. Public areas. 
3. Where indicated on construction documents. 

B. Exposed wire nuts, including in plenum, will not be acceptable. All connections will be made 
inside a rated enclosure. 

C. Install labels and nameplates to identify control components according 15190. 
D. Install hydronic instrument wells, valves, and other accessories according to Division 15. 
E. Install refrigerant instrument wells, valves, and other accessories according to Division 15. 
F. Smoke detectors, high and low limit thermostats, high-pressure cut-offs, and other safety 

switches shall be hard-wired to de-energize equipment as described in the sequence of 
operation. Switches shall require manual reset. Provide contacts that allow DDC software to 
monitor safety switch status. 

G. Coordinate fire alarm relay connections to the fire alarm system with the fire alarm installer. 
H. Where sensors have a display, mount such that display can be read from ground.  
I. Install sensors in visible and accessible areas. Do not hide sensors on top of ductwork or 

insulate over sensors.  
J. For sensors on rigid insulation for duct or piping, install sensor prior to insulation. Sensors 

installed after insulation will be required to cut and seal insulation around sensor.  
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K. Sensors requiring an external power source shall use DC power from switching DC power 
supply. Do not use alternating current for sensors unless specifically required by the 
manufacturer. Do not use on-board DC power for sensors unless specifically required by the 
manufacturer.  

3.2. TEMPERATURE/HUMIDITY/WALL MODULE AND ROOM SENSORS INSTALLATION 
A. Verify location of thermostats, humidistats, and other exposed control sensors with Contract 

Documents and room details before installation. Install devices 48 inches above the floor per 
ADA requirements. The location(s) to be selected by Owner. No sensor shall be mounted 
until the Owner and/or Owner Representatives give specific location instructions. Do not 
install sensor(s) on the inside of exterior building walls (including column fur outs) unless 
explicitly approved by Owner. 

B. Air seal wires attached to sensors in their raceways or in the wall to prevent sensor readings 
from being affected by air transmitted from other areas. 

C. Install outdoor air temperature and humidity sensors on north-facing wall at designated 
location. If sensor cannot be placed on north wall, submit RFI for approved location and 
provide with PVC sun shield and windscreen.  

D. Single-point temperature sensors may be used in ducts where there is no air stratification 
possibilities. Sensor shall be mounted sufficiently downstream to allow for sufficient mixing, 
five to ten duct diameters at a minimum. 

E. Install mixing plenum sensors in a serpentine manner horizontally (not vertically) across duct. 
Support each bend with a capillary clip. 

F. Thermowells to be installed in piping. Contractor to “stub-up” any thermowell which is too 
long to install directly into piping. Install heat-conducting fluid in thermowell prior to installing 
sensor.  

G. Install heat-conducting fluid where strap-on temperature sensors contact piping. Sand and 
clean piping prior to installation. Insulate around sensor. 

H. Install cooler/freezer sensors in rubber clamp to isolate sensor from surrounding metal. Run 
conduit inside cooler/freezer for sensor away from door and storage racks. After sensor has 
been checked out, seal all penetrations with low expansion insulating foam. Coordinate 
installation with cooler/freezer vendor. 

I. Install humidity sensor in areas where relatively humidity will not rise above 90% RH. If area 
will have high humidity consistently, relocate to different area and use dewpoint/ 
psychrometric calculations to calculate relatively humidity of the area required. 

J. Wall Modules 
1. Limit setpoint adjustment to ±3 deg F unless otherwise specified on the Drawings. 

3.3. PRESSURE SENSOR INSTALLATION 
A. Supply (Positive) Duct Static Pressure. Pipe high-pressure tap to duct using a pitot 

tube/probe. Make pressure tap connections according to manufacturer's recommendations. 
B. Return (Negative) Duct Static Pressure. Pipe low-pressure tap to duct using a pitot 

tube/probe. Make pressure tap connections according to manufacturer's recommendations. 
C. Room Pressure: Pipe appropriate pressure sensor port (positive space: high pressure, 

negative space: low pressure) to room. Pipe opposite pressure point to reference outside of 
room. Connect to stainless steel mesh snubber mounted to white 2 in by 4 in plate at 
locations on drawings. 

D. Building Static Pressure. Pipe pressure sensor's low-pressure port to the static pressure port 
located on the outside of the building through outside air reference kit. Mount kit per 
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manufacturer’s instructions. Pipe high-pressure port to stainless steel mesh snubber mounted 
to white 2 in by 4 in plate at locations on drawings. 

E. Pressure transducers, except those controlling VAV boxes, shall be located in Control 
Panels, not on MEP Equipment or on ducts. Mount transducers in a vibration-free location 
accessible for service without use of ladders or special equipment.  

F. Do not install tees for TAB purposes in air pressure tubing. Remove tees where found.  
G. Install differential pressure sensor valve manifold at eye level. Provide hard copper tubing 

from water mains to valve manifold; soft copper not allowed. Provide isolation valves in tubing 
prior to valve manifold. 

3.4. CURRENT SWITCHES/TRANSDUCER INSTALLATION 
A. Wire may be “wrapped” around CS/CT to obtain better status indication. 
B. CS/CTs requiring commissioning/startup will be done per manufacturer installation 

instructions. 
3.5. AIR FLOW MEASUREMENT STATIONS (AFMS) INSTALLATION 

A. Install AFMS in locations indicated and required to perform the Sequences of Operation. 
Install AFMS in accordance with the manufacturer’s recommendations. 

B. Do not install AFMS sensors and probes until all sanding and grinding activities are complete 
to protect them from accumulating dust and debris. 

C. Prior to ordering, measure actual duct size as installed in field and provide to vendor.  
D. Mount transmitter at eye level. Measure distance from probe to transmitter and order wire 

whip of sufficient length to reach. Install probe wire whip in conduit of sufficient size for 
connector to pass through. 

3.6. THERMOSTATS 
A. Install Freezestat/Low-Limit Duct Thermostat (LTD) in ducts and plenums in a serpentine 

manner horizontally (not vertically) across duct. Support each bend with a capillary clip. 
Provide rows at 12 inch spacing; the element covers a maximum of 6 inches above and 
below sensing element. At the bottom of the duct or plenum, the row with the tail end of the 
sensing element shall be a maximum of 6 inches from the bottom. 

3.7. WATER FLOW AND BTU METER INSTALLATION 
A. Install water flow meters in locations indicated to perform the Sequences of Operation. Install 

water flow meter in accordance with the manufacturer’s recommendations. 
B. Do not install AFMS sensors and probes until all sanding and grinding activities are complete 

to protect them from accumulating dust and debris. 
C. Prior to ordering, measure actual pipe size and verify furnished material as installed in field 

and provide to vendor.  
D. Mount transmitter at eye level. Measure distance from probe to transmitter and order wire 

whip of sufficient length to reach. Install probe wire whip in conduit of sufficient size for 
connector to pass through. 

E. Provide installation kit (i.e., threadolet, nipple/standoff, pipe tee, isolation valve, etc) to 
Mechanical Contractor for installation. Kit will be specific to the application. Installation 
accessories which are not provided by the vendor will not be acceptable. 

3.8. RELAYS 
A. Nipple-mount relays will be mounted at a location where pilot light is visible from floor. 

3.9. VALVES, DAMPERS, AND ELECTRONIC ACTUATORS INSTALLATION 
A. Wire parallel actuators according to manufacturer's recommendations.  
B. Dampers and Damper Actuators 
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1. Install automatic dampers according to Division 15. 
2. Mount actuators directly on damper shaft or jackshaft unless shown as a linkage 

installation.  
3. To compress seals when spring-return actuators are used on normally closed dampers, 

power actuator to approximately the 5° open position, manually close the damper, and 
then tighten linkage. 

4. Provide necessary mounting hardware and linkages for actuator installation. 
5. Install damper motors on outside of duct in climate controlled areas, including mechanical 

rooms. Provide sufficient standoff/offset of damper actuator from ductwork to allow for 
insulation behind actuator.  

6. Where clearance cannot be maintained, locations exposed to outdoor temperatures, or 
actuator is inside ductwork, provide 12 inch by 12 inch access door per specifications for 
any actuator inside of ductwork. 

C. Control Valves and Valve Actuators 
1. Provide sufficient standoff/offset of valve actuator from piping to allow for insulation of 

valve.  
2. PIC Valves 

a. Where not provided from the factory, install pressure/temperature test ports (Pete’s 
Plugs) for testing of pressure differential across the PIC valve. 

b. For PIC valves with electronic flow metering, coordinate with mechanical contractor 
to ensure 5 pipe diameters of straight pipe entering valve. 

3. Steam Valves 
a. Mount actuators at a minimum 30 degree angle compared to vertical. Do not mount 

actuator directly above steam valve or piping. 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
PART I:  GENERAL 
 
Control system contractor shall be responsible for selection of the proper control valves including line size, 
pressure rating, flow-coefficient, shutoff rating and allowable leakage factor. Valves will be turned over to 
the Division 15 Contractor for installation.   
 
Modulating water valves shall be sized for nominal 5 psi pressure drop and close off. All 2-way valves 
shall have contoured or characterized throttling plugs with linear (for steam applications) or equal 
percentage characteristics. 
 
The controls contractor shall calculate the required Cv for each valve.  Valve Cv shall be within 100 percent 
to 125 percent of the Cv calculated. 
 
Fan coil valves and AHU central station actuators shall operate from either a 0-10Vdc or a 4-20ma signal. 

 
PART 2 - PRODUCTS  

 
2.1 MANUFACTURERS  

 
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. Belimo 
2. Delta 
3. Approved equal 

 
2.2 CONTROL VALVES  

 
A. Valves 1/2 inch through 2 inches shall be ball valve type assemblies industrial quality with bronze bodies 

and NPT screw type and shall be rated for 600 psig (40 bar) working pressure - or two-way and 400 psig 
(27 bar) for three-way.  The operating fluid temperature range shall be 20' F to 2500 F (-70C to 1200C). 

 
B. The actuator and its mounting plate shall be capable of being repositioned on the square mounting 

bracket in 90 degree increments parallel or perpendicular to the pipe.  Non-metallic thermal isolation 
standoffs shall separate mounting plate from actuator with high temperature materials rated for continual 
use at greater than the application temperature.  Valve assemblies without thermal isolation as described 
above are not acceptable. 

 
C. The mounting bracket shall be of rigid structural metal incorporating a shaft of stainless steel positioned 

parallel and perpendicular to the packing and stem to prevent lateral or rotational forces from affecting the 
stem and its packing.  The mounting bracket shall be positioned so as to allow the insulation of the valve 
body and bracket to allow removal of the actuator without disturbing the insulation.  Valves shall have 
either ISO-5211 style mounting pads or machined mounting surfaces.  The shaft shall be supported by an 
upper bearing. 

 
D. All control ball valves shall be furnished with a 316 stainless steel ball & stem and carbon and graphite 

reinforced Teflon 0 seats and seals. 
 

E. Ball valves for low pressure steam applications shall have 316 stainless steel ball, stem, and drive shaft 
and rated at a maximum of 600 psi working pressure.  Valves shall be installed in the piping at 45 degree 
angle from vertical.  Valve and actuator mounting bracket shall be fully insulated. 

 
F. The valves shall have a blow out proof stem design. 
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G. Each valve shall be functionally tested by the valve manufacturer. 

 
H. Flow type for modulation shall have equal percentage and linear flow characteristics for two-way and 

three-way valves, respectively. 
 

I. Two-way stem packing shall consist of stacked 'V' ring and spring (live) loaded packing requiring no 
maintenance.  Three-way stem packing shall consist of EPDM 0-ring requiring no maintenance and no 
adjustment to meet complete operating life.  Valves requiring packing adjustment throughout the life of 
the valve are unacceptable. 

 
J. Valves 3 inches and larger shall be butterfly valves. 

 
K. Butterfly valves shall be threaded lug type suitable for dead-end service and for modulation to the fully-

closed position, with carbon-steel bodies and noncorrosive discs, stainless steel shafts supported by 
bearings, have flanged-end connections, and EPDM seats suitable for temperatures from minus 20 
degrees to plus 250 degrees F.  All valves shall have a manual means of operation independent of the 
actuator.  Provide valve manufacturer’s insulation casing. 

 
L. Manufacturer shall provide a two year “no hassle" unconditional warranty from date of installation. 
 
 
2.3 CONTROL VALVE ACTUATORS 

 
A. The actuator manufacturer shall have ISO 9001 quality certification. 
 
B. Actuators shall be Underwriters Laboratories Listed under Standard 873 and Canadian Standards 

Association Class 4813 02.  Actuators shall have European Community (CE) certification. 
 

C. Actuators used near outdoor air streams shall have NEMA type 2 (IP54) housings for water and moisture 
resistance. 

 
D. Actuators shall be mounted on the valve by the manufacturer. 

 
E. Actuators shall be applied according to the manufacturer's specifications. 

 
F. Actuators shall be fully modulating or 2-position (with fail-safe mechanical spring return) as indicated on 

drawings. 
 

G. The valve actuator shall be capable of providing the minimum torque required for proper valve close-off 
for the required application. 

 
H. Each actuator shall have current limiting circuitry or microprocessor overload protection incorporated in its 

design to prevent damage to the actuator.  End of travel switches are not acceptable. 
 

I. Actuators shall have mechanical spring return for fail safe mode where specified.  Battery backup units or 
storage capacitor type units contained within the individual actuators are not acceptable. 

 
J. Powering shall be 24VAC, 24VDC, 120VAC, or 230VAC.  Feedback signal shall be available to provide a 

DDC input signal or to drive a second slave or tandem actuator.  The actuator shall have the capability of 
adding auxiliary switches or feedback potentiometer if required. 

 
K. A release button and optional handle on the actuator shall be provided to allow for manual override on 

non-spring return assemblies. 
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PART 3 - EXECUTION 
 
3.1 INSTALLATION:  
A. Install control valves in strict accordance with manufacturer’s published instruction manual.  
B. Install control valves with necessary clearance around ball valve assembly. 
C. Install control valves to provide access for periodic maintenance, including removal. 
D. Insulate valve body, not actuator.  
E. Install control valves to prevent condensate forming on valve body to travel into actuator. 
F. Piping installation requirements are specified in other Division 15 Sections. 
G. Electrical power and control wiring and connections are specified in other Division 15 & 16 Sections 

 
PART 4: COMMISIONING 
 
Schedule service of factory trained representative to inspect installation and provide instruction on 
maintenance to Owner. 

 
PART V: WARRANTY 
 
Manufacturer shall guarantee the system as installed to be free from manufacturing defects for a period of 
2 years from startup not to exceed 30 months from shipping to job site under normal use. 
 
 
 

END OF SECTION 
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PART I:  GENERAL 
 
SCOPE:   
 
Furnish and install at locations shown on the plans or as specified in schedules, variable frequency drives 
meeting or exceeding the following specifications. 
 
RELATED WORK:   
 

a.  Section 15750 Pumps 
b.  Section 15966 Pump Control 
c.  Section 15850 Air Handler Equipment 
d.  Division 16 

 
REFERENCES: 
 

a.  UL 508 
b.  NEC 

 
PART II:  PRODUCTS 
 
GENERAL: 

 
a.  Furnish complete variable frequency drives as specified herein for the fans and/or pumps 

designated on the drawing schedules to be variable speed.  All standard and optional features shall 
be included within the VFD enclosure, unless otherwise specified.  VFD shall be housed in a metal 
NEMA 1 enclosure. 

b.  The VFD shall convert incoming fixed frequency three-phase AC power into a variable frequency 
and voltage for controlling the speed of three phase AC motors.  The motor current shall closely 
approximate a sine wave.  Motor voltage shall be varied with frequency to maintain desired motor 
magnetization current suitable for centrifugal pump and fan control. 

c.  An advanced sine wave approximation and voltage vector control shall be used to allow operation 
at rated motor shaft output at nominal speed without being de-rated.  This voltage vector control 
shall minimize harmonics to the motor to increase motor efficiency and life. 

d.  The VFD shall include a full-wave diode bridge rectifier and maintain a fundamental power factor 
near unity regardless of speed or load. 

e.  The VFD and options shall be tested to ANSI/UL Standard 508.  The complete VFD, including all 
specified options, shall be Listed by a nationally recognized testing agency such as UL, CUL, ETL, 
or CSA 

f.  The FDA shall have a DC link reactor to minimize power line harmonics.  VFD’s without a DC link 
reactor shall provide a 3% impedance line reactor. 

g.  The VFD’s full load amp rating shall meet or exceed NEC Table 430-150.  The VFD shall be able to 
provide full rated output current continuously, 110% of rated current for 60 seconds and 220% of 
rated current for up to 1 second while starting. 

h.  An automatic energy optimization selection feature shall be provided standard in the drive.  This 
feature shall reduce voltages when lightly loaded and provide a 3% to 10% additional energy 
savings. 

i.  Input and output power circuit switching can be done without interlocks or damage to the VFD. 
j.  VFD shall have a Bacnet interface card. 

 
PROTECTIVE FEATURES: 
 

a.  Class 20 I2t electronic motor overload protection for single motor applications and thermal-
mechanical overloads for multiple motor applications. 
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b.  Protection against input transients, loss of AC line phase, short circuit, ground fault, over voltage, 
under voltage, drive over temperature and motor over temperature.  The VFD shall display all faults 
in plain English.  Codes are not acceptable. 

c.  Protect VFD from sustained power or phase loss.  The VFD shall incorporate a 5 second control 
power loss ride through to eliminate nuisance tripping.   

d.  Drive shall catch a rotating motor operating forward or reverse up to full speed. 
e.  VFD shall be rated for 100,000 amp interrupting capacity (AIC). 
 

INTERFACE FEATURES: 
 
a.  Local/Hand, Stop/Reset and Remote/Auto selector switches shall be provided to start and stop the 

drive and determine the speed reference. 
b.  Digital manual speed control.  Potentiometers are not acceptable. 
c.  Lockable, alphanumeric backlit display keypad can be remotely mounted up to 10 feet away. 
d.  VFD’s up to 300 HP shall use the same control panel. 
e.  Displays shall be available in 6 languages including English, Spanish and French. 
f.  A quick setup menu with preset parameters shall be provided on the drive. 
g.  The drive shall be fitted with an RS 485 serial communications port and be supplied with software 

to display all monitoring, fault, alarm and status signals The software shall allow parameter 
changes to be made to the drive settings as well as storage of each controller’s operating setup 
parameters. 

h.  Set point control interface (PID control) shall be standard in the unit. 
i.  Floating point control interface shall be provided to increase/decrease speed in response to switch 

closures. 
j.  An elapsed time meter and kWh meter shall be provided. 
k.  The following displays shall be accessible from the control panel in actual units:  Reference Signal 

Percent, Output Frequency, Output Amps, Motor HP, Motor kW, kW/hr, Output Voltage, No Load 
Warning, DC Bus Voltage, Drive Temperature (%until trip) and Motor Speed in Engineering units 
per application (in percent speed, GPM, CFM,    ). 

l.  Drive will sense the loss of load and signal a no load/broken belt warning or fault. 
m.  The VFD shall store in memory the last 8 faults and record all operational data. 
n.  Six programmable digital inputs shall be provided for interfacing with the systems control and safety 

interlock circuitry. 
o.  Two programmable relay outputs shall be provided for remote indication of drive status. 
p.  Two programmable relay analog inputs shall be provided and shall accept a direct-or-reverse acting 

signal.  Analog reference inputs accepted shall include 0-10 V dc, 0-10 mA and 4-20 mA. 
q.  One programmable analog outputs shall be provided for indication of drive status.  These outputs 

shall be programmable for output speed, voltage, frequency, amps and input Kw. 
r.  Under fire mode conditions the VFD shall automatically default to a preset speed. 
s.  VFD shall receive an Enable/Disable signal from the building Energy Management System as well 

as an analog speed control signal. 
 

ADJUSTMENTS: 
 
a.  VFD shall have an adjustable carrier frequency of 2 of 14 kHz through 60 HP and 2 to 4.5 kHz 

above 60 HP. 
b.  Three variable-torque V/Hz patterns shall be provided with the ability to select a constant torque 

start pattern for each of them. 
c.  Twenty preset speeds shall be provided. 
d.  Eight acceleration and eight deceleration ramps shall be provided.  The shape of these curves shall 

be adjustable. 
e.  Four current limit settings shall be provided. 
f.  If VFD trips on one of the following conditions, the VFD shall be programmable for automatic or 

manual reset:  under voltage, over voltage, current limit, inverter overload and motor overload. 
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g.  The number of restart attempts shall be selectable from 0 through 10 and the time between 
attempts shall be adjustable from 0 through 10 seconds. 

 
BYPASS: 

 
Provide a manual bypass consisting of a door interlocked main fused disconnect pad lockable in the off 
position, a built-in motor starter and a four position DRIVE/OFF/LINE/TEST switch controlling three 
contactors.  In the DRIVE position, the motor is operated at an adjustable speed from the drive.  In the OFF 
position, the motor and drive are disconnected.  In the LINE position, the motor is operated at full speed from 
the AC power line and power is disconnected from the drive, so that service can be performed.  In the TEST 
position, the motor is operated at full speed from the AC line power.  This allows the drive to be given an 
operational test while continuing to run the motor at full speed in bypass.  Customer supplied normally 
closed dry contact shall be interlocked with the drives safety trip circuitry to stop the motor whether in DRIVE 
or BYPASS mode in case of an external safety fault. 
 
SERVICE CONDITIONS: 

 
a.  Ambient temperature, -10 to 40°C (14 to 104°F). 
b.  0 to 95% relative humidity, non-condensing. 
c.  Elevation to 3,300 feet without derating. 
d.  AC line voltage variation, -10 to +10% of nominal with full output. 
e.  No side clearance shall be required for cooling of wall mount units and all power and control wiring 

shall be done from the bottom. 
f.  Drive shall be capable of operating motor up to 1,000 feet away without derating or field 

modification. 
 

QUALITY ASSURANCE: 
 
a.  To ensure quality and minimize infantile failures at the jobsite, the complete VFD shall be tested by 

the manufacturer.  The VFD shall operate a dynamometer at full load and the load and speed shall 
be cycled during the test. 

b.  All optional features shall be functionally tested at the factory for proper operation. 
 

SUBMITTALS: 
 
a.  Submit manufacturer’s performance data including dimensional drawings, power circuit diagrams, 

installation and maintenance manuals, warranty description, VFD’s FLA rating, certification agency 
file numbers and catalog information. 

b.  The specification lists the minimum VFD performance requirements for this project.  Each supplier 
shall list any exceptions to the specification are identified; the supplier shall be bound by the 
specification. 

 
MANUFACTURERS: 
 
Variable frequency drives shall be manufactured by Danfoss, ABB, Sq. D, Graham Company, ITT, or other 
equal approved by Owner. Provide HVAC Series Model VLT or equal. 
 
 
PART III:  EXECUTION 
 
START-UP SERVICE: 
 
The manufacturer shall provide start-up commissioning of the variable frequency drive and its optional 
circuits by a factory certified service technician who is experienced in start-up and repair services.  The 
commissioning personnel shall be the same personnel that will provide the factory service and warranty 
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repairs at the customer’s site.  Sales personnel and other agents who are not factory certified technicians for 
VFD field repair shall not be acceptable as commissioning agents.  Start-up services shall include checking 
for verification of proper operation and installation for the VFD, its options and its interface wiring to the 
building automation system.  Start-up shall include customer operator training at the time of the equipment 
commissioning. 
 
WARRANTY: 
 
The VFD shall be warranted by the manufactured for a period of 36 months from date of shipment.  The 
warranty shall include parts, labor, travel costs and living expenses incurred by the manufacturer to provide 
factory authorized on-site service. 
 
EXAMINATION: 
 

a.  Contractor to verify that job site conditions for installation meet factory recommended and code-
required conditions for VFD installation prior to start-up, including clearance spacing, temperature, 
contamination, dust, and moisture of the environment.  Separate conduit installation of the motor 
wiring, power wiring, and control wiring, and installation per the manufacturer’s recommendation 
shall be verified.  

b.  The VFD is to be covered and protected from installation dust and contamination until the 
environment is cleaned and ready for operation.  The VFD shall not be operated while the unit is 
covered. 

 
 

 
END OF SECTION 
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GENERAL: 
 
Electrical Contractor shall provide rough-in, junction box, or wiring trough as indicated. All external 
disconnect switches, motor starters, and any fuses required for equipment furnished under Division 15 shall 
be provided by the Mechanical contractor and shall be installed by the Electrical Contractor. Coordinate all 
equipment locations with all other contractors prior to installation of equipment. Consult all Contract 
drawings which may affect location of equipment or apparatus and make any minor adjustments as 
required. Electrical Contractor is responsible for all line side and load side wiring for all equipment requiring 
electrical power. Line side wiring is defined as the wiring from the distribution panel circuit to the point of 
disconnect (internal or external) for the equipment, whether provided by the contractor or factory installed 
by the equipment manufacturer. Load side wiring is defined as the wiring from the point of disconnect to all 
equipment requiring electrical power. All final electrical terminations to the piece of equipment shall be done 
by the Mechanical contractor.  
 
All control switches for remote equipment shall be provided with on/off indicator lights at the switch. 
 
Ensure that all rotating equipment has a power disconnect available within sight of the equipment, 
regardless of whether required by the NEC. Coordinate exact locations with Electrical Contractor prior to 
rough-ins. 
 
The HVAC Contractor shall also provide all control wiring, conduit, equipment interlocks, low voltage 
device or motor power connections, and similar in accordance with this section or Division 16 of these 
specifications. Provide all necessary cabinets, panels, junction boxes, interconnecting signal cabling & 
associated hardware, transformers, relays, engineering support, etc. for a complete and operational 
system that executes the specified control sequence of operation. 
 
MOTOR STARTERS, CONTROLLERS AND CONTACTORS: 
 
Motor controllers and contactors shall be as indicated or specified and shall be furnished under each 
Section of this Division requiring such controllers unless otherwise indicated to be provided in a Motor 
Control Center under Division 16. Motor Starters, Controllers, and Contactors shall be furnished by the 
HVAC Contractor and installed by Electrical Contractor. 
 
Motor controllers shall, unless otherwise specifically noted, be combination magnetic type, with thermal 
overload relays and heaters in each phase conductor, with operating coils for 120 volts as noted on the 
drawings or as required.  Maximum trip rating of starters for hermetic motors shall be at least 105% of 
the nameplate full load current of the motor. 
 
Starters shall be provided with build-in selector switches (H-O-A) or pushbutton stations where required.  
Combination starters shall be provided with sufficient auxiliary contacts or control relays for control 
sequence as specified, indicated or as required, and with sufficient auxiliary contacts on its circuit 
breaker or with control relays so that opening the circuit breaker ahead of the starter unit opens all hot 
control lines within the starters.  All starters furnished under this Section shall be mounted in individual 
NEMA I enclosures, unless otherwise specified or indicated on drawings.   Special requirements are 
specified in the separate Sections of this Division or indicated on the drawings. 
 
Equipment shall be manufactured by Square D to match equipment furnished under Division 16 
 
ROOM-INSTRUMENT MOUNTING: 
 
Room instruments shall be mounted so that their switching devices are 54” maximum above the finished 
floor unless a clear space of 30” wide by 48” long for wheelchair access is not available, mount at 48” 
AFF to comply with the American Disability Act (ADA).   
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CONTROL WIRING: 
 
Run control wiring in metallic raceway in masonry walls, boiler room and exposed conditions.  All other 
signal cables shall be run on utility platform on wire management bridle hooks provided by this contract.  
Do not run inside raceway with power conductors.  Use copper wire or control cable, #18 minimum 
(except that digital signaling can be NEC class 2).  The contractor shall connect to junction box(s) or 
other termination points provided by the Electrical Contractor for control power.  See Electrical Section of 
these specifications for materials and installation requirements. All wiring shall be color and number 
coded. 
 
RELAYS: 
 
Indexing relays shall be 24 VAC coils “relay in a box” with pilot light & off/on switch, IDEC or equal.  All 
line side relay wiring shall be 12 AWG and in metallic raceway.  Relays shall be installed in NEMA 1 
enclosures. 
 
CONTROL CABINETS: 
 
Control cabinets shall be provided for mounting of control devices in utility platform and/or boiler room.  
Cabinet shall be UL listed lockable, code gauge gray painted steel, with knockouts, and hinged door.  
Enclosure shall be equal to Austin Co. CT series  
 
Provide boiler room cabinet enclosure with swing-down table shelf for use with laptop computer. 
 
CORRDINATION OF ELECTRICAL POWER REQUIREMENTS: 
 
Mechanical contractor shall coordinate voltage and amperage requirements for all HVAC equipment with 
the Electrical Contractor prior to ordering equipment submittals. Make adjustments to equipment voltage 
or phase requirements as necessary to match electrical power being provided. Make engineer/architect 
aware of any conflicts or issues. 

 
END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
ADJUSTMENT AND TRIAL RUNS: 
 
Upon completion of all work, the Contractor shall operate the plant in the presence of the engineer for the 
purpose of demonstrating quiet and satisfactory operation, the proper setting of controls, safety and relief 
valves, and cleanliness of system.  Heating and cooling shall be tested separately during periods 
approaching the design conditions and shall fully demonstrate fulfillment of capacity requirements. Test 
procedures shall be in accordance with applicable portions of ASME, ASHRAE and other generally 
recognized test codes as far as field conditions will permit.  
 
AIR BALANCING & TESTING: 
  
Air Balancing and System Testing includes (1) balancing air distribution, (2) adjustment of total system to 
provide design quantities, (3)  electrical measurement, (4)  verification of performance of all equipment and 
controls, and (5) sound and vibration measurement.  Contractor shall provide all required instrumentation 
and equipment required to obtain proper measurements.  Contractor shall perform final test and balance of 
selected areas in presence of Engineer.  The following procedure is adapted from the 1995 ASHRAE 
Applications Handbook, Ch. 34: Testing, Adjusting and Balancing, and Associated Air Balance Council: 
 

(1) All supply and return air-duct dampers are set at full open position.  All diffuser and side-wall 
grilles 
 are set at full open position.  Outside-air damper is set at minimum position.  All Controls are 
 checked and set for full cooling cycle.  Branch liner splitter dampers are set to open position. 
 All extractors and distribution grids are set in wide-open positions.  
 
(2) Drill all probe holes for static-pressure readings, pitot tube traverse readings, and temperature 
  readings.  Check motor electric current supply and rated running amperage of fan motors.  Check 
 fan and motor speeds.  Check available adjustment tolerance. 
 
(3) Make first complete air-distribution run throughout entire system, recording first-run statistics.   
 Using pitot tube traverse in all main ducts, branch ducts, and supply and return, proportion all air 
 in required amounts to the various main-duct runs and branch runs.  Make second complete air- 
 distribution run throughout entire system for check on proper proportion of air. 
    
(4) Using pitot tube traverse, set all main-line dampers to deliver proper amount of cfm to all areas. 
 Using pitot tube traverse, set all branch-line dampers to deliver proper amount of cfm to diffusers 
 amount of cfm to diffusers and side-wall supply grilles in each zone.  Read cfm at each outlet and 
 adjust to meet requirements.  Test and record all items as listed on attached form. 

 
Final air balancing form (3 copies) submitted to Engineer shall be on attached form adapted from the 
Associated Air Balance Council (AABC) and the National Environmental Balancing Bureau (NEBB). 
 
HYDRONIC BALANCING & TESTING: 
  
Hydronic Balancing and System Testing includes (1) bleeding air at all system high points, (2) adjustment 
of total system to provide design flows, (3) pressure drop measurements & head loss calculations, (4)  
verification of performance of all pumps, automatic control valves and system controls, and (5) sound and 
vibration reduction. Contractor shall provide all required instrumentation and equipment required to obtain 
proper measurements. Contractor shall perform final test and balance of selected equipment in presence 
of Engineer. The following procedure is adapted from 1995 ASHRAE Applications Handbook, Ch. 34: 
Testing, Adjusting and Balancing, and the Bell & Gossett Engineering Design Manual: 
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(1)  Perform air test & balance as specified above. 
 
(2)  Flush & clean system as specified Section 15745.  Remove & clean all strainers.  Verify correct 

pump rotation. Pumps shall operate air-free without cavitation.  Set automatic fill valves to required 
pressure. 

 
(3)  Check expansion tanks to verify if system is not water-logged or air-locked.  Check all manual air-

vents installed at all system high points - bleed all air out of system completely. 
 
(4) Set all valves at full open position.  Close coil bypass valves.  Set temperature controls for full flow 

through all coils. 
 
(5)  Verify correct operation of all automatic control valves.  Set operating temperature of chillers to 

design leaving water temperature.   
 
(6)  Take differential pressure measurements across all pumps & coils.  Take power measurements of 

pump motors in watts (power factor calculated).  Use pump manufacturer’s published pump curves 
to determine flow rate. 

 
 
 
 

END OF SECTION 
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AIR BALANCE REPORT

Project: System No.
Contractor: CFM:
Date: S.P.:
Air Balanced by: Fan RPM:
Instrument Mfr #: Motor Voltage:
Date Calibrated: Motor Amperage:

Effective Design Values Field  Test Final Test %
Location  No. Model/Size Area FPM CFM FPM CFM FPM CFM DEV.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PROCEDURE/NOTES:
(1)  Review Specification Section 15980 prior to air test & balance.
(2)  Ensure fan is providing specified air volume within 5%.
(3)  Set all dampers to full open position prior to first field test.
(4)  Identify air distribution device nos. on HVAC as-built drawing.
(5)  Adjust dampers accordingly and recheck entire system as required.
(6)  Acceptable % deviation is +/-10%.
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
The scope of work consists of the furnishing and installing of complete electrical systems including 
miscellaneous systems.  The Electrical Contractor (hereafter referred to as "the Contractor", or Electrical 
Contractor) shall provide all supervision, labor, materials, equipment, machinery, and any and all other 
items necessary to complete the systems.  The Contractor shall note that all items of equipment are 
specified in the singular; however, the Contractor shall provide and install the number of items of equipment 
as indicated on the drawings and as required for complete systems. 
 
It is the intention of the Specifications and Drawings to call for finished work, tested and ready for operation. 
 
Any apparatus, appliance, material, or work not shown on the drawings but mentioned in the specifications, 
or vice versa, or any incidental accessories necessary to make the work complete and perfect in all 
respects and ready for operation, even if not particularly specified, shall be furnished, delivered, and 
installed by the Contractor without additional expenses to the Owner. 
 
Minor details not usually shown or specified, but necessary for proper installation and operation, shall be 
included in the Contractor's estimate, the same as if herein specified or shown. 
 
With submission of bid, the Contractor shall give written notice to the Architect of any materials or 
apparatus believed inadequate or unsuitable, in violation of laws, ordinances, rules, and any necessary 
items or work omitted.  In the absence of such written notice, it is mutually agreed that the Contractor has 
included the cost of all required items in his proposal, and that he will be responsible for the approved 
satisfactory functioning of the entire system without extra compensation. 
 
NOTICE TO BIDDERS, INSTRUCTIONS TO BIDDERS, SUPPLEMENTARY INSTRUCTIONS, GENERAL 
CONDITIONS, SUPPLEMENTARY GENERAL CONDITIONS, SPECIAL CONDITIONS, GENERAL 
REQUIREMENTS bound in the front of this document are included as a part of the specifications for this 
work. 
 
ELECTRICAL DRAWINGS AND SPECIFICATIONS: 
 
The electrical drawings are diagrammatic and indicate the general arrangement of fixtures, equipment, and 
work included in the contract.  Consult the architectural, structural, plumbing, fire alarm, integrated 
communications, and mechanical drawings and details for exact locations and dimensions of fixtures and 
equipment; where same are not definitely located, obtain this information from the Architect.   
 
The Contractor shall follow drawings in laying out 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 Architect shall be notified before proceeding with 
installation.  If directed by the Architect, the Contractor shall, without extra charge, make reasonable 
modifications in the layout as needed to prevent conflict with work of other trades or for proper execution of 
the work. 
 
The plans and these specifications are intended to describe, imply and convey the materials and equipment 
as well as necessary labor, required for the installation as outlined in the paragraph entitled "Scope of 
Work".  Any omissions from either the drawings or these specifications are unintentional, and it shall be the 
responsibility of this Contractor to call to the attention of the Architect or Engineer any pertinent omissions 
before submission of a bid.  The drawings which accompany these specifications are not intended to show 
in complete detail every fitting which may be required; however wherever reasonable implied by the nature 
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of the work, any such material or equipment shall be installed by this Contractor as a part of his contract 
price.  In no case will any extra charge be allowed unless authorized in writing by the Architect or Engineer. 
 
The Contractor shall arrange with the General Contractor for required concrete and masonry chases, 
openings, and sub-bases so as not to delay progress of work.  Work shall be installed sufficiently in 
advance of other construction to conceal piping and to permit work to be built in where required. 
 
It shall be understood and agreed by all parties that where the words “Furnish”, “Install”, and / or “Provide” 
appear, the following definitions apply: 
 
 Furnish - to supply or give. 
 Install - to place, establish or fix in position. 
 Provide - to furnish and install as defined above. 
 
CODES, PERMITS, AND FEES: 
 
The Contractor shall give all necessary notices, including electric and telephone utilities, obtain all permits, 
and pay all government taxes, fees, and other costs, including utility connections or extensions in 
connection with his work file all necessary plans, prepare all documents, and obtain all necessary approvals 
of all governmental departments having jurisdiction at each phase of construction as required;  obtain all 
required certificates of inspection for his work and deliver same to the Architect before request for 
acceptance and final payment for the work. 
 
The Contractor shall include in the work, without extra cost to the Owner, any labor, materials, services, 
apparatus, drawings (in addition to contract drawing and documents) in order to comply with all applicable 
laws, ordinances, rules, and regulations, whether or not shown on drawings and / or specified. 
 
All work and materials under this section shall be in strict compliance with more stringent requirements of 
the North Carolina State Building Code, including the National Electrical Code, NFPA 101-Life Safety Code, 
Regulations of the State Fire Marshall, UL Directory of Electrical Construction Materials, and requirements 
of the local utility company. 
 
VERIFICATION OF DIMENSIONS, DETAILS, EXISTING FIELD CONDITIONS:  
 
The Contractor shall visit the premises prior to bidding, and thoroughly familiarize himself with all details of 
the work, working conditions, verify dimensions in the field, provide advice of any discrepancy, and submit 
shop drawings of any changes he proposes to make in quadruplicate for approval before starting any work.  
The Contractor shall install all equipment in a manner to avoid building interference.  
 
COORDINATION WITH EQUIPMENT PROVIDED BY OTHERS: 
 
Electrical contractor shall coordinate voltage, phase and amperage requirements for all Plumbing, HVAC, 
and Kitchen equipment with the sub-contractor providing the equipment prior to ordering electrical gear 
submittals. Make adjustments to panels, feeders, and breakers as necessary to feed actual equipment 
being provided. Make engineer/architect aware of any conflicts or issues. 
 
ACCEPTABLE MANUFACTURERS: 
 
Acceptable manufacturers, as specified in the Contract Documents, implies that the specified manufacturer 
may produce acceptable products equal in quality of materials and performance to such item specified.  
The Contractor will be required to provide products meeting or exceeding the "Standard of Quality and 
Performance" as dictated by the product selection noted.  However, any changes which result (from 
substitution of other manufacturers) in the electrical work or work of other Contractors, shall be paid for by 
the Contractor. 
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SHOP DRAWINGS: 
 
The Contractor shall submit five (5) copies of the shop drawings to the Architect for approval within thirty 
(30) days after the award of the general contract.  If such a schedule cannot be met, the Contractor may 
request in writing for an extension of time to the Architect.  If the Contractor does not submit shop drawings 
in the prescribed time, the Architect has the right to select the equipment. 
 
Provide manufacturer’s cuts of items to be provided under this Contract.  Included, but not limited to these 
items, are any of the following which may be required in this Contract:  Fixtures, switches, outlet boxes, 
device plates, panelboards, transformers, conductors, pull boxes, wiring troughs, circuit breakers, 
disconnect switches, emergency fixtures, receptacles, etc. 
The shop drawings shall be neatly bound in five (5) sets and submitted to the Architect with a letter of 
transmittal.  The letter of transmittal shall list each item submitted along with the manufacturer's name. 
 
Approval rendered on shop drawings shall not be considered as a guarantee of measurements or building 
conditions.  Where drawings are approved, said approval does not mean that drawings have been checked 
in detail; said approval does not in any way relieve the Contractor from his responsibility or necessity of 
furnishing material or performing work as required by the contract drawings and specifications. 
 
COORDINATION WITH OTHER TRADES: 
 
Coordinate all work required under this section with work of other sections of the specifications to avoid 
interference. Bidders are cautioned to check their equipment against space available as indicated on 
drawings and shall make sure that proposed equipment can be accommodated.  If interferences occur, 
Contractor shall bring them to attention in writing, prior to signing of contract; or, Contractor shall at his own 
expense provide proper materials, equipment, and labor to correct any damage due to defects in his work 
caused by such interference.  
 
INSPECTION AND CERTIFICATES: 
 
On the completion of the entire installation, the approval of the Architect and Owner shall be secured, 
covering the installation throughout.  The Contractor shall obtain and pay for Certificate of Approval from 
the public authorities having jurisdiction.  A final inspection certificate shall be submitted to the Architect 
prior to final payment.  Any and all costs incurred for fees shall be paid by the Contractor. 
 
EQUIVALENTS: 
 
When material or equipment is mentioned by name, it shall form the basis of the Contract.  When approved 
by the Architect in writing, other material and equipment may be used in place of those specified, but written 
application for such substitutions shall be made to the Architect as described in the Bidding Documents.  
The difference in cost of substitute material or equipment shall be given when making such request.  
Approval of substitute is, of course, contingent on same meeting specified requirements and being of such 
design and dimensions as to comply with space requirements. 
 
EXCAVATING AND BACKFILLING FOR ELECTRICAL WORK: Refer to Sections 02202 & 02220. 
 
CUTTING AND PATCHING: 
 
On new work, the Electrical Contractor shall furnish sketches to the General Contractor showing the 
locations and sizes of all openings and chases, and furnish and locate all sleeves and inserts required for 
the installation of the electrical work before the walls, floors, and roof are built.  The Electrical Contractor 
shall be responsible for the cost of cutting and patching where any electrical items were not installed or 
where incorrectly sized or located.  The Contractor shall do all drilling required for the installation of his 
hangers.  See also Section 01050. 

     END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
CONDUIT SYSTEM:  
 
Furnish and install all conduits, or other raceways, fittings, boxes, and other component parts specified or 
required for completion and proper operation of the power distribution, fire alarm, data, security and other low 
voltage systems shown on the drawings. See also Fire Alarm, IC and Security drawings and coordinate closely 
with all of the Low Voltage System Sub-Contractors for their requirements during construction. All Fire Alarm 
conduit with associated junction boxes and covers shall be red in color. 
 
Other than as noted above, conduit shall be sized in accordance with the current NEC.   All conduit shall be 
neatly installed parallel to, or at right angles to beams, walls and floors of the building in a neat and 
workmanlike manner.   All bends shall be made with standard conduit elbows or conduit bent to not less than 
the same radius as that of a standard conduit elbow. Conduits shall be supported at intervals not greater than 
8' and within 3' of any bend, cabinet, outlet or junction box. Conduits shall be supported by approved pipe 
straps or clamps, secured by means of toggle bolts on hollow masonry, expansion shields and machine screws 
or standard pre-set inserts on concrete or solid masonry, machine screws or bolts on metal surfaces, and wood 
screws on wood construction.  
 
Conduit 3/4” (minimum) and larger shall be electrical metallic tubing (EMT). EMT shall be cold-rolled steel 
tubing with a coating on the outside and protected on the inside by a zinc, enamel, or equivalent corrosion-
resistant coating and conforming to the requirements of ANSI C 80.3-1966 or later edition.  EMT may be 
installed in dry construction in furred spaces, in partitions other than concrete and solid plaster, or for exposed 
work except on mechanical structures or supports, or in refrigerated areas.  EMT shall not be installed where:  
it will be subject to physical damage; where it will be installed nearer than 4’ from finished floor in exposed 
areas; where it will be subject to severe corrosive influence; where the trade size is larger than 2”; where it will 
be installed in masonry walls; or where tubing, elbows, couplings, and fittings would be in concrete or in direct 
contact with the earth.  Electric metallic tubing fittings shall be all plated steel hexagonal threaded compression 
type, with insulated throats.  No pot metal, set screw, or indenter fittings shall be used. PVC conduit shall be 
used in masonry wall construction. Contractor shall transition to EMT or rigid conduit at the top of masonry 
walls. PVC conduit shall not be used in stud walls.   
 
Connections to lighting fixtures will be permitted with flexible steel conduit strapped every 6’-0”, with UL listed 
AC type cables, used in strict accordance with current NEC Article 333.  Armored Cable assembly shall encase 
conductors in a continuous length of galvanized cold rolled steel strip, spirally wound with adjacent strips 
locked to turn all edges inward.  The ends shall be terminated with fiber bushings to protect conductors from 
sharp edges.  Fittings shall be the insulated throat type, T & B 3100 series or equivalent.  
 
All underground conduit shall be UL Listed Schedule 40 PVC conforming to Article 347 of the current NEC, or 
rigid galvanized steel.   At the Contractor's option, this installation may consist of rigid steel conduit with PVC 
coating, minimum of 15 mils of PVC. Where schedule 40 PVC is installed under floor slabs, the elbows required 
to turn the raceway up into cabinets, equipment, etc., shall be of rigid steel. A copper ground wire shall be 
installed in all PVC conduits . PVC conduit shall not be used above the floor slab, unless roughed-in masonry.  
 
All exposed conduit to 5’- 0” above finish floor shall be rigid galvanized steel or IMC conduit.  Liquid-tight 
flexible steel conduit with an extruded PVC jacket shall be used for connections to exterior motors and 
compressors.  Liquid-tight flexible conduit fittings shall be insulated throat type, Appleton STB type or equal. 
 
All permanent conduit stub-outs shall be sealed with galvanized standard water pipe caps immediately after 
installation.  All conduits crossing expansion joints shall have approved type expansion fittings as manufactured 
by Crouse Hinds, Killark or Appleton. Fittings shall be of type to ensure ground continuity.   Provide a 240 lb. 
tensile strength poly pull-wire in all empty conduits. 



DIVISION 16                                                                                                                                   ELECTRICAL 
SECTION 16100                                                                                                  RACEWAYS AND CONDUITS 
 

8/26/2024 16100 - 2 
 

 
SURFACE MOUNTED RACEWAY: 
 
Two piece metal surface mounted raceway shall be used in all cases where it is not possible or desirable to run 
conduit concealed in the wall unless specifically noted otherwise on the plans. Provide Wiremold 3000 Series 
or equal. Provide large divided two channel raceway (4000 Series) in locations where power and low voltage 
wiring are to be routed in the same raceway. 
 
CABLE TRAY: 
 
Cable trays shall be aluminum ladder style trays suspended from structural elements above. Locate in the 
platforms, IDF, MDF and other areas as indicated on plans. Changes in direction shall be accomplished by 
utilizing standard radiused 90 degree and 45 degree fittings from the same manufacturer. Ladder tray system 
shall be 18” wide minimum. Provide B-line or equal by Monosystems or TRG. 
 
OUTLETS AND PULL BOXES: 
 
All boxes shall be UL labeled or listed by an approved agency.   At each location where required, an outlet box 
of a type to suit the intended use shall be installed. Boxes shall be fastened to building structure in an approved 
manner.   Flush outlet, junction and pull boxes shall be pressed galvanized or sheradized steel, either square 
or octagonal with knockouts on tops and sides, and fitted with plaster covers where necessary to set flush with 
the finished surface. For use in hollow-core masonry walls, switch boxes shall be of sufficient depth to permit 
conduit to rise in the core with minimum cutting of block.  Provide plaster rings or box extensions for flush 
devices with finish surface.  Boxes for unplastered masonry walls shall be masonry type with device mounting 
ears on the interior of the box.  
 
Convenience outlet boxes shall be generally mounted approximately 18" above floor, 48" above floor in 
mechanical equipment rooms and shop type areas, and 4" above counter backsplash, unless otherwise noted.  
Convenience outlets for drinking fountains shall be installed behind fountain enclosure so as not to be visible;  
coordinate with Plumbing Contractor. 
 
Lighting switch outlet boxes shall be 4' above floor, unless noted or required otherwise. Where switches occur 
in 4' high tile walls, they shall be lowered by 6 inches.  
 
Pull boxes shall be used as required in long runs of conduit to facilitate pulling of wires.  All interior pull boxes 
shall be constructed of code gauge galvanized sheet metal, and not less than the minimum size recommended 
by the NEC. Boxes shall be furnished with screw-fastened covers. When several feeders pass through a 
common pull box they shall be tagged to indicate clearly their electrical characteristics, circuit number, and 
panel designation.  Wire markers shall be as manufactured by W. H. Brady Co., or equal. In no case shall a pull 
box be installed in an inaccessible location. Boxes shall be provided with fixed or removable steel barriers for 
each circuit where two or more feeders pass through the box. In case of banked conduit runs consisting of 
more than two horizontal rows of conduits, where barriers would be impracticable, the cables for each conduit 
shall be tied together with heavy waxed twine and wrapped with one wrap of heavy grade tape.  
 
Where two or more outlets are to be installed in one location, they shall be installed in gang boxes suitable for 
the intended purpose.  
 
Outlet boxes for outdoor use, and for exposed use where not covered by fixture canopies, shall be cast metal 
suitable for the intended purpose, having integral threaded hubs, and of the weatherproof type with gasket. 
Provide special outlet boxes where indicated.  
 
All junction boxes shall be marked with panel and circuit number which it contains. 

                                                 
END OF SECTION  
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
CONDUCTORS FOR 600 VOLTS OR LESS:  
 
All conductors shall be copper with a minimum conductivity of 98% and shall be delivered to the job site in 
their original packages, marked or tagged as follows : UL label , size, type, and insulation of the wire; name of 
manufacturer and trade name of the conductor: and date of manufacture. All conductors shall be insulated for 
600 volts unless otherwise indicated.  Furnish and install all conductors specified or required for completion 
and proper operation of the various systems shown on the drawings.  
 
Conductors shall be 600 volt type THW or THWN.  Branch circuit conductor shall not be smaller than No.  12 
AWG, except where specifically noted otherwise. Home runs originating more than 80' at 120 volts from panel 
location shall be No. 10 AWG minimum size. Wires No. 10 AWG and smaller shall be solid;  wires No. 8 AWG 
and larger shall be stranded. Where branch circuits are fed through fluorescent fixture channels, use code 
grade type THHN or XHHW.  All MC cables where permitted shall include a separate copper ground 
conductor sized per phase conductors.   
 
Provisions of Section 210-5, Color Code, NEC, shall be strictly complied with.  Color coding shall include 
feeders and mains and be consistent throughout entire system. For 120/208 volt systems, use black, red, and 
blue for phases A, B, & C respectively.  For 277/480 volt systems, use brown, orange, and yellow for phases 
A, B, & C respectively. 
 
All conductors in vertical raceways shall be properly supported at intervals not greater than those specified in 
Section 300-19 of NEC.  
 
All wire and cable except as specifically stated otherwise, shall be of one of the following makes:  Anaconda 
Wire and Cable Co., General Cable Corp., General Electric Co., or Okonite Co.  
 
LOW VOLTAGE DATA & TWISTED PAIR CABLES: 
 
Data – See Division 17 Specifications for data cable requirements. 
 
Twisted Pair (Shielded or Unshielded) – Conductors shall be insulated copper. Coordinate requirements for 
type, size and quantity of conductors in the shielded or unshielded cables with the equipment being served by 
the twisted cables (Fire Alarm Equipment/Devices, Intercom Devices, Speakers, Amps, phones, etc.).  
 
Any low voltage cable that is not installed in a conduit or raceway shall be run concealed above ceilings or in 
the mechanical platforms.  They must be properly supported with j-hooks or cable management devices that 
clip onto ACT support wires that are specifically designed for the purpose of supporting the cables. Zip ties 
are NOT acceptable as a method of securing/supporting cables. Zip ties may be used to bundle cables for 
easier management and neatness of installation. 
 
 
JOINTS AND CONNECTIONS: 
 
The Engineer reserves the right to inspect any and all joints made in wiring. If they are taped prior to being 
inspected, the tape shall be removed as ordered from any joint or joints for inspection.  After inspection and 
correction of any fault found, the Contractor shall properly retape the joints.  
 
Conductors shall be continuous without joints or splices in runs between outlet boxes. All splices shall be 
made at boxes only. Where stranded conductors are to be connected to any apparatus, bus work, switches or 
fuse blocks, they shall be connected by suitable mechanical solderless type lugs or spades. All lugs shall be 
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permanently bolted in such position as to give maximum contact surface available.  Where multiple circuits 
are run from same switch or panel, individual lugs for each conductor shall be used. Feeder taps in junction 
boxes or panel gutter shall be made with insulated cover panel guttertaps.  Feeder conductors shall not be 
spliced, feeder conductors shall be continuous for the length of run. 
 
Solid conductors, namely those sized #10 and #12 AWG copper, shall be spliced by using Ideal "wire-nuts", 
3M Co.  "Scotchlok", or T & B "Piggy" connectors for branch circuit splices in junction boxes and light fixtures, 
except recessed fixtures as noted above. "Sta-Kon" or other other permanent type crimp connectors shall not 
be used.  
 
Stranded conductors, namely #8 AWG copper and larger, shall be spliced by approved mechanical 
connectors plus gum tape, plus friction or plastic tape. Solderless mechanical connectors, for splices and 
taps, provided with UL approved insulating covers, may be used instead of mechanical connectors plus tape.  
 
 
DEVICE PLATES: 
 
A device plate shall be provided for each outlet to suit the device installed.  All plates shall be no. 302 
stainless steel construction.  All plates shall be “jumbo” size. 
 
Device plates shall be of the one piece type, of suitable shape for the devices to be covered. The use of 
sectional device plates will not be permitted. Plates having a .375" bushed hole in the center shall be installed 
on all wall mounted outlets for telephones.  
Devices and/or plates installed prior to painting shall be properly taped and shall be cleaned after painting, if 
necessary. Blank plates shall be installed on all unused outlets.  
 
Plates shall be manufactured by Pass & Seymour, Bryant, or Hubbell.  Provide sample of plates to Architect 
for approval. 
 
RECEPTACLES: 
 
Duplex convenience outlets for general use shall be rated 20 amperes, 125 volts, duplex, for standard parallel 
blade three-wire grounded type caps, Hubbell No. 5362-I (ivory), Leviton, Pass & Seymour or Arrow-Hart or 
approved equal.  Color to be selected by Architect. Where outlets are installed vertically, ground plug position 
shall be on top and on right side where outlets are installed horizontally. 
 
SPECIAL USE RECEPTACLES:  
 
Provide special receptacles including receptacles with ground fault circuit interrupter protection, where 
needed, as required by equipment.  Provide MOV-based transient voltage surge suppression devices (SS), 
where shown on plan.  Tamper-resistant receptacles (TP) shall prevent insertion of objects other than a 
properly rated 2 or 3 wire plug using “floating” shutters.  Equal devices by Hubbell, Leviton, Pass & Seymour 
or Arrow-Hart are considered acceptable. 
 
WALL SWITCHES:  
 
Wall switches shall be installed as shown on the drawings and shall be connected to provide control of the 
outlets indicated. Switches shall be rated at 20 amperes for 120 volts or 277 volts lighting circuits.  Hubbell 
No.  1221 (or 1221-1), for single pole:  Hubbell Catalog No.  1223 (or 1223-1) for 3-way; Hubbell Catalog No.  
1224 (or 1224-1) for 4-way. Weather-proof switches shall be Hubbell No. 1781 single pole or Hubbell No.  
1783 3-way.  Provide sample of switches to Engineer for approval. Color of switches to be selected by 
Architect.    
 
Automatic light switches shall have passive infra-red occupancy switch with light sensor to prevent light from 
switching on when daylight is above pre-set level.  Switch shall be UL listed, have adjustable time delay of 30 
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seconds to 30 minutes, auto/off control, and minimum coverage of 900 square feet, Automatic light switch 
shall be UNENCO model no. D-IS. 
 
Provide special purpose switches where noted on the drawings, or elsewhere.   Equal devices by Pass & 
Seymour or Arrow-Hart are considered acceptable. 
 
For wall switches indicated as dimmers on LED lighting, coordinate the exact 0-10 volt dimmer that is 
compatible with LED driver at 277V for the specific fixtures provided. Install the correct size wall box to 
accommodate the specific dimmer to be installed. 
 
 
 

END OF SECTION  
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SERVICE EQUIPMENT AND POWER DISTRIBUTION:  
 
Furnish, install and completely connect the circuit breaker type service, panelboard and distribution equipment 
as indicated.  All construction shall meet applicable standards of ANSI, IEEE, and NEMA, and all equipment 
shall bear UL label insofar as it is available.  Equipment shall be Square D QED, I-Line or QMB; equipment 
manufactured by Cutler-Hammer (Eaton) , General Electric, or ITE Siemens will be considered equal.  
 
Provide a copper bus interior with an insulated neutral in the Main Distribution Panel. This neutral bus shall be 
the source for all insulated neutral conductors of the system.  Jumpers shall be installed to connect the 
insulated neutral bus to the uninsulated grounding bus.  The uninsulated grounding bus shall be the source of 
grounds for all grounding and bonding (not neutrals) of equipment.   
 
Electrical contractor is responsible for providing all transformer and equipment data to gear supplier as 
necessary for the supplier to evaluate and coordinate any circuit breaker settings to ensure that downstream 
breakers trip prior to any upstream breakers. 
 
LIGHTING AND POWER PANELBOARDS: 
 
Panelboards shall be of the thermal-magnetic circuit-breaker type and shall consist of an assembly of single, 
double, and triple-pole breakers. Each circuit-breaker shall be bolted-in, removable without disturbing the 
adjacent units and shall have trip ratings as indicated. All multipole breakers shall be common trip.   Ground 
fault circuit breakers shall be used as indicated on the drawings. 
 
Each panelboard interior shall have copper bus bars and shall be installed in an appropriate cabinet of 
sufficient size with top 6’- 0” above finish floor and shall conform to the requirements of UL standard for 
cabinets and boxes. Standard cabinets with surface or flush type trim and door shall be used, as required.  
Cabinets shall have a minimum width of 20" unless noted otherwise. A neutral bar shall be provided in each 
panel with a terminal for each breaker. Grounding lugs shall be provided.    
 
Cabinet shall be made of spot welded galvanized sheet steel not less than N.E.C.  gauge with hinged door 
and trim of the same material.  When closed, the door shall fit accurately in the opening provided and present 
a flush finish with the trim. The door shall be equipped with a key operated lock.  Furnish one key with each 
lock.  All door locks shall be keyed alike. Knockouts in cabinets are not acceptable.   Cabinets shall be 
finished with manufacturer's standard painted finish.  
 
On the inside of each door, a typewritten directory identifying each circuit shall be mounted in a suitable 
protective enclosure.  Panelboards shall have laminated plastic designations on inside corresponding to 
feeder and drawing identifications.  
 
Panelboards shall be Square D I-Line or NQOD Series or equal by Cutler-Hammer, General Electric, or 
Siemens. 
 
SHUNT TRIP PROTECTION: 
 
All electrical equipment located under a kitchen hood with a fire suppression system shall be protected by a 
shunt trip device that is interlocked with the suppression system. Upon activation of the suppression system 
the shunt device shall trip and disconnect power for the equipment under the hood.  This may be done via 
individual shunt trip breakers or a single main breaker that is shunted upon activation of the suppression 
system. If a main shunt breaker is utilized no circuits should be fed from the respective distribution panel other 
than the circuits for the equipment under the hood. Elevator feeder circuits shall also be protected by a shut 
trip device if the elevator shaft and/or the elevator equipment room are protected by a fire suppression 
system.  Coordinate with the General Contractor for final plans from the Sprinkler Design-Build Contractor. 
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SURGE PROTECTION: 
 
Furnish and install transient voltage surge suppressor (TVSS) units where indicated on the drawing risers as 
‘SP’ to protect AC electrical circuits from the detrimental effects of lightning, utility switching transients, AC 
motor transients, and other internal generated transients.  TVSS shall comply with UL 1449, have a Category 
C pulse life for all protection modes (L-N, L-G or L-L where applicable), shall operate bio-directionally, and 
shall have a maximum single pulse current capacity of 50 KA per mode in accordance with NEMA LS1-1992.  
Acceptable manufacturers include Leibert, Current Technology, LEA, and United Power.  Provide complete 
shop drawing submittal including installation instructions, dimensional drawings, clamp voltage data, and 3rd 
party data confirming single pulse current capacity rating.  Provide on-site manufacturer’s testing and start-up.  
 
SAFETY DISCONNECT SWITCHES: 
 
Disconnect switches shall be horsepower rated, installed where indicated and / or required by the NEC.  
Switches, except where shown as beined by other sections shall be furnished under this Section.  Switches 
shall be heavy duty, fused unless otherwise noted, sized as shown, quick-make, quick-break, NEMA type 
“ND” with NEMA 1 enclosure, type HD, Square D.  Switches to be installed outdoors shall be NEMA type 3R, 
with raintight conduit hubs.  All switches shall be capable of being locked in the “off” position.  Fuses shall be 
one-time, non-renewable types, dual-element, time-delay, Bussman or equal as required for application. 
 
MOTOR STARTERS: 
 
Motor controllers shall, unless otherwise specifically noted, be combination magnetic type, with thermal 
overload relays and heaters in each phase conductor, with operating coils for 120 volts as noted on the 
drawings or as required.  Maximum trip rating of starters for hermetic motors shall be at least 105% of the 
nameplate full load current of the motor. 
 
Starters shall be provided with build-in selector switches (H-O-A) or pushbutton stations where required.  
Combination starters shall be provided with sufficient auxiliary contacts or control relays for control 
sequence as specified, indicated or as required, and with sufficient auxiliary contacts on its circuit breaker or 
with control relays so that opening the circuit breaker ahead of the starter unit opens all hot control lines 
within the starters.  All starters furnished under this Section shall be mounted in individual NEMA I 
enclosures, unless otherwise specified or indicated on drawings.   Special requirements are specified in the 
separate Sections of this Division or indicated on the drawings. 
 
LIGHTING CONTACTORS: 
 
Each lighting contactor shall have heavy-duty ballast load rated contacts.  Each contactor shall have 
mechanically held contacts, and silver cadmium oxide double break contacts.  Contacts shall be field 
convertible with normally open and normally closed indicators.  Each contactor shall be UL listed and CSA 
certified.  All new lighting contactors for each new building shall be housed in a properly sized NEMA-1 
enclosure with fully hinged and lockable door. 
 
FIRE ALARM & HVAC CONTROLS: 
 
Electrical contractor is responsible for all conduit and wiring required to power any fire alarm control or booster 
panels, magnetic door holders, and the HVAC Building Automation Controls system cabinets. There shall be 
at least (2) Fire Alarm and (2) HVAC control system circuits per wing of the school. Coordinate exact location 
and quantity of cabinets with Fire Alarm and Mechanical’s Controls Sub-Contractor.  Termination to Fire Alarm 
and HVAC controllers and to HVAC equipment shall be by controls contractor. Electrician shall use 1P-20A 
circuits designated as Fire Alarm or HVAC Controls on panel schedules or the closest available spare 1P-20A 
(120V) breakers for powering the controls system. Notify Engineer if circuits were not indicated and update 
panel directories on Record Drawings. 
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GROUNDING: 
 
Provide a bare stranded continuous copper grounded conductor, size as indicated, from the service 
equipment grounding bus to the cold-water service main where it enters the building ahead of main valve on 
water pipe main. Also, provide a driven ground per NEC 250-81 (a).  Provide all necessary grounding clamps 
and full-size jumpers around all valves, meters, and similar fittings between point of connection and street 
main. The main grounding conductor shall be connected to the neutral conductor at one location only, within 
and on the low voltage side of the main transformer and more specifically the equipment grounding bus 
associated with the main insulated neutral bus in the MDP. The insulated neutral bus must be insulated and 
serve to provide the neutral source for all the insulated neutral conductors of the system.  Jumpers shall be 
installed to connect the insulated neutral bus to the uninsulated grounding bus and all grounding and bonding 
of equipment (not neutrals) shall be attached to the uninsulated grounding bus.  
 
System and equipment grounds shall be checked for proper value of resistance using the Megger ground 
tester in accordance with the method prescribed by the manufacturer of the instruments. Resistance of ground 
shall not be in excess of 25 ohms, measured to include the grounding cable.  The Contractor shall report the 
results of these tests to the Engineer in writing. If the resistance cannot be reduced to the value prescribed 
above, further instructions will be given the Contractor.  
 
All equipment connected under this section shall be grounded and shall conform with the more stringent 
requirements of the NEC, National Electrical Safety Code, the N. C. State Building Code, or this specification.  
 
Panels, junction boxes, safety switches, disconnect switches, contactors, starters, motors, dry transformers, 
bus duct and other equipment shall be bonded to the conduit system with a grounding conductor by means of 
grounding locknuts and bushings as required hereinafter, except where conduit terminates in threaded hub or 
fittings. All joints or terminations shall be made with standard tapered pipe threads drawn tight to preserve 
electrical continuity.  
 
Provide grounding bushings and copper jumpers across all concentric or eccentric knockouts and on all 
conduits larger than 1".  Elsewhere, double-lock-nuts with plastic or fiber bushings, or a single lock-nut and 
malleable bushing may be used.  If Contractor selects to use a single locknut and malleable bushing, care 
shall be taken that the full number of threads project through to permit the bushing to pull tight against the 
ends of the conduit, after which the lock-nut shall be made up sufficiently tight to draw the bushing into firm 
electrical contact with the box.  
 
Where flexible conduits are used, provide grounding conductor within flexible conduit to ensure continuity of 
ground.  Minimum size of jumper around flex shall be No. 10.  
 
EQUIPMENT IDENTIFICATION: 
 
Provide black-on-white laminated plastic name plates for each switch or circuit breaker on service equipment, 
disconnect switches, terminal cabinets, panelboards and wiring troughs. The name plate shall be engraved to 
indicate the equipment controlled or identified.  Name plates shall be securely fastened to equipment using 
two screws.  
 
CONNECTIONS TO EQUIPMENT: 
 
Electrical Contractor shall provide rough-in, junction box, or wiring trough as indicated. Electrical Contractor 
shall provide and install disconnect switches and motor starters for equipment provided under Division 16. All 
external disconnect switches, motor starters, and any fuses required for equipment furnished under Division 
15 shall be provided by the Div 15 contractor and installed by the Electrical Contractor. Coordinate all 
equipment locations with all other contractors prior to installation of electrical equipment. Consult all Contract 
drawings which may affect location of equipment or apparatus furnished by others and make any minor 
adjustments as required. Electrical Contractor is responsible for all line side and load side wiring for all 
equipment requiring electrical power. Line side wiring is defined as the wiring from the distribution panel circuit 
to the point of disconnect (internal or external) for the equipment, whether provided by the contractor or 
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factory installed by the equipment manufacturer. Load side wiring is defined as the wiring from the point of 
disconnect to all equipment requiring electrical power. All final electrical terminations to the piece of 
equipment shall be done by the contractor providing the equipment.  
 
Electrical Contractor must closely coordinate with the equipment supplier regarding Voltage, H. P., F. L. A., 
outlet mounting heights, connection cord plug-receptacle electrode configurations and other special wiring 
requirements.   
 
Electrical Contractor is responsible for coordinating quantity and location of all sprinkler system devices with 
sprinkler contractor. 
 
Electrical Contractor shall review the Architectural, Civil, Plumbing, Mechanical, Fire Alarm and IC plans to 
provide branch circuits and final connections to powered equipment furnished by others for complete and 
operational equipment. This is a sample list and may not represent all connections required: 
 

1) Data Equipment Racks not in MDF or IDF rooms. 
2) HVAC Controls Equipment 
3) Controlled Access electrified security doors (See Door Hardware Schedule) 
4) Sprinkler controls/panels 
5) Projectors and associated screens 
6) Hand Dryers (See Architectural plans and elevations) 
7) Electric Water Heaters & Associated Recirculation Pumps (Refer to Plumbing Plans) 
8) Clothes Washers and Dryers 
9) Fire Pumps (Main and Jockey) 
10) Fire Alarm Control Panels and Booster Panels (See FA Contractor Shop Drawings) 
11) Powered Hotboxes (See Civil Site Plan for exact locations) 

 
END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
GENERAL: 
 
Dry-type transformers shall be air cooled, 480V Delta Primary, 208/120V WYE secondary with 2-2 1/2 taps 
above and 2-2 1/2 taps below, 60 Hz.  Noise level shall not exceed 45 dB for transformers under 50kVA, and 
50 dB from 50kVA to 225kVA Transformers shall not exceed 115°C rise above 40°C ambient.  All insulation 
shall meet NEMA ST20 Standard.  Neutral shall be full sized, core of transformer shall be grounded.  
Enclosure shall be heavy gauge steel with ventilating openings designed to prevent accidental to live parts in 
accordance with UL, NEMA and NEC standards. 
 
QUALITY ASSURANCE: 
 
UL Compliance:  Comply with applicable requirements of ANSI/UL 506; “Safety Standard for Specialty 
Transformers”.  Provide dry type transformers and components which are UL listed and labeled. 
 
NEC Compliance:  Comply with NEC as applicable to installation and construction of electrical dry type 
transformers.   
 
NEMA Compliance:  Comply with requirements of NEMA Std Pub/No.’s ST 20; “Dry-Type Transformers for 
General Applications”, TR 1, and TR 27. 
 
SUBMITTALS: 
 
Product Data:  Submit manufacturer’s technical product data including rated kVA, frequency, primary and 
secondary voltages, percent taps, polarity, impedance and certification of transformer performance efficiency 
at indicated loads, percentage regulation at 100% and 80% power factor, no-load and full-load losses in 
watts, % impedance at 75oC, hot-spot and average temperature rise above 40oC ambient temperature, sound 
level in decibels, and standard published data. 
 
Shop Drawings:  Submit manufacturer’s drawings indicating dimensions, and weight loadings.   
 
EXECUTION: 
 
Install transformers where indicated, complying with manufacturer’s instruction, applicable requirements of 
NEC, NESC, NEMA, ANSI and IEEE standards, and in accordance with recognized industry practices to 
ensure that products fulfill requirements. 
 
Coordinate transformer installation work with electrical raceway and wire/cable work, as necessary for proper 
interface. 
 
Connect dry type transformers to electrical wiring system with flexible conduit; comply with requirements of 
other Division 16 sections. 
 
Tighten electrical connectors and terminals, including screws and bolts, in accordance with equipment 
manufacturer’s published torque tightening values for equipment connectors.  Where manufacturer’s torquing 
requirement are not indicated, tighten connectors and terminals to comply with tightening torques specified in 
UL Std 486A and B. 
 
Grounding:  Provide equipment grounding connections for transformers as required by N.E.C.  Tighten 
connections to comply with tightening torques specified in UL Std 486A to assure permanent and effective 
grounding. 
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Testing:  Prior to energization of transformer, check all accessible connections for compliance with 
manufacturer’s torque tightening specifications. 
 
Prior to energization of transformer, check circuitry for electrical continuity, and for short-circuits. 
 
Upon completion of installation of transformer, energize primary circuitry at rated voltage and frequency from 
normal power source, and test transformer, including, but not limited to, audible sound levels, to demonstrate 
compliance with requirements. 
 
Equipment/System Identification:  Provide equipment identification nameplates complying with Division 16 
Section 16400 “Electrical Identification”. 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 
Specification sections, apply to work of this section. 
 
LIGHTING FIXTURES: 
 
Furnish and install all lighting fixtures as indicated on the drawings.  Fixtures shall be complete with lens or 
reflector, lamps, and wired ready for operation at the completion of installation.  All fixtures shall have UL 
approval under their latest rulings indicating that fixture is approved for the intended usage. This Contractor 
shall provide proper fixture frames to suit type and dimensions of ceilings, confirming ceiling data with Plans, 
Architectural RCP, and General Contractor prior to ordering fixtures.  
 
All fixtures shall be self-supporting, independent of the suspended ceiling. Fixtures shall be secured to the 
structure at a minimum of two points at opposing ends by wire equal to gauge of wire suspending the ceiling.    
Where fixture channels are joined to form a continuous length, provide one hanger at each end of the run and 
at each joint.   Damaged fixtures shall be replaced at Contractor’s expense.  All fixtures shall be wired with a 
“Luminaire Cable” that contains the 0-10v dimming conductors. 
 
ELECTRONIC DRIVERS/BALLASTS: 
 
LED ballasts shall be high efficiency factor electronic ballasts where indicated on schedule, designed for rapid 
start operation for LED lamps. 70% LED lumen maintenance at 60,000 hours (L70/60,000). 0-10V dimming 
driver, dims to 10% and contains non-isolated dimming leads. Electronic ballast shall have a frequency of 
operation of 20 KHZ or greater and operate without visible flicker.  Driver/Ballast shall be UL listed Class P, 
CSA certified, sound rated “A”, withstand line transients as defined in ANSE/1EEE C62-41 Category A, and 
meet FCC requirements of Rules and Regulations, Part 18 for non-consumer equipment.  Electronic ballast 
casing temperature shall not exceed a 25°C rise over 40°C ambient temperature or not exceed 85°C total.  
Electronic ballasts shall be by Advance Transformer Co., model Mark V or approved equal by Motorola or 
Magnetek. 
 
LAMPS: 
 
All lamps shall be as manufactured by Sylvania, Phillips, or General Electric Co..  Incandescent lamps shall 
be inside frosted 130V extended service unless otherwise noted.  The Contractor shall be responsible for 
replacing all lamps which burn out during warranty period starting after Owner accepts project. 
 
Unless indicated otherwise on drawings, LED and/or fluorescent lamps shall have energy saving 
drivers/ballasts, and a 4000 K color temperature with a color rending index of 80 or better. 
 
High pressure sodium lamps shall be GE “Lucalox” series or equal with median value of rated life no less than 
24,000 hours. 
 
EMERGENCY LIGHTING: 
 
Furnish and install specified battery-powered emergency lighting units where indicated on the plans.  
Emergency lighting unit shall comply with the State of North Carolina Department of Insurance Document 
entitled "Requirements for Battery Powered Emergency Lighting Units" all subsequent addenda.  Fixture shall 
have test light and switch accessible and visible from floor. 
 
EXIT LIGHTING: 
 
Furnish and install LED emergency exit sign with battery backup, brown-out protection, pilot light, test switch, 
and regulated power supply, where indicated on the plans unless specified otherwise.  Exit signs shall comply 
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with the State of North Carolina Department of Insurance Document entitled "Requirements for Electrically 
Powered Exit Signs" dated 20 March 1995 and all subsequent addenda. 
 
 
EXIT & EMERGENCY LIGHTING CONTROLS: 
 
Contractor shall make provisions for Building Automation System (BAS) under Division 15 to exercise 
batteries on 21 to 28 day cycles.  Coordinate with MC during rough-in as required with junction box for low 
voltage input to contactor. 
 
LIGHTING CONTACTORS: 
 
Each lighting contactor shall have heavy-duty ballast load rated contacts.  Each contactor shall be normally 
closed contacts with mechanically held operators for open position, and silver cadmium oxide double break 
contacts.  Contacts shall be field convertible with normally open and normally closed indicators.  Each 
contactor shall be UL listed and CSA certified.  All new lighting contactors for each new building shall be 
housed in a properly sized NEMA-1 enclosure with fully hinged and lockable door. 
 
OUTDOOR LIGHTING CONTROLS: 
 
For outdoor lighting applications, furnish and install contactors rated for load and photocells. Contractor shall 
make provisions for Building Automation System (BAS) or energy management control. Coordinate with MC 
during rough-in as required with junction box for low voltage input to contactor. 
 
Photocells where indicated on drawing, shall be mounted in weather-proof enclosure under eastern facing 
eaves/overhangs with turn-on / off operations at 3-5 fc.  Photocell shall be intermatic type K4221, for 120V 
and K4233 for 277V applications.   Acceptable manufacturers are Tork, Intermatic, or Paragon.  Photo cells 
shall not control luminaires directly all luminaries shall be controlled through a lighting contactor.  Coordinate 
photocell specified with contactor coil rating. 
 
 

END OF SECTION 
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PART 1.0 - GENERAL 
 
1.1 DESCRIPTION: 
 

A. Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division-1 Specification sections, apply to work of this section. 

B. Division 16 Basic Electrical Materials and Methods sections apply to work specified in 
this section.  Fire Alarm System shall comply with N. C. Department of Insurance 
document entitled "Requirements for Fire Detection and Alarm Systems" dated 25 July 
2005 as included within this specification section. 

C. This section of the specification includes the furnishing, installation, connection and 
testing of the microprocessor controlled, intelligent reporting fire alarm equipment 
required to form a complete, operative, coordinated system. It shall include, but not be 
limited to, alarm initiating devices, alarm notification appliances, Fire Alarm Control Panel 
(FACP), auxiliary control devices, annunciators, and wiring as shown on the drawings 
and specified herein. 

D. The fire alarm system shall comply with requirements of 2005 NFPA Standard 72 except 
as modified by the North Carolina State Building Code and local codes and ordinances. 
The system shall be electrically supervised and monitor the integrity of all conductors. 

E. The FACP and peripheral devices shall be manufactured 100% by a single U.S. 
manufacturer (or division thereof). 

F.    The system and its components shall be Underwriters Laboratories, Inc. listed under the 
appropriate UL testing standard as listed herein for fire alarm applications and the 
installation shall be in compliance with the UL listing. 

G. The installing company shall employ NICET (minimum Level II Fire Alarm Technology) 
technicians on site to guide the final check-out and to ensure the systems integrity. 

 
1.2 AUTHORITY HAVING JURISDICTION (AHJ) DEFINED, BUILDING PERMITS:  

 
A.  For State-owned facilities in North Carolina the AHJ for Code compliance is the NC 

Department of Insurance - Office of State Fire Marshal. The AHJ for construction 
administration and inspection purposes is the entity that contracted for the design 
services, either the State Construction Office or the owning Agency, as applicable. 
NOTE: Fire alarm system inspection or acceptance testing may be delegated to the 
design engineer by contract.  

 
No building permit is required for construction or renovation of facilities that are funded by 
the State of North Carolina and located on State-owned land. However, privately-funded 
projects on land leased from the State (e.g., student housing) must still be submitted to 
local building officials for approval, permits, and inspections.. (See below.) Written NCDoI 
approval of the plans and specifications submitted for review is considered the equivalent 
of a building permit for State projects but that alone does not give authorization to 
proceed with construction. Such authorization requires written clearance from the entity 
that administers the contract.  

 
B.  For private sector or local government projects the AHJ is the local government entity 

that 
  approves project plans, issues building permits, and inspects construction.  
 

1.3 SCOPE: 
 
A.  A new intelligent reporting, microprocessor-controlled fire detection system shall be 

installed in accordance to the project specifications and drawings. 
B.  Basic Performance: 
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1.  Alarm, trouble and supervisory signals from all intelligent reporting devices shall be 
encoded on NFPA Style 7 (Class A) Signaling Line Circuits (SLC). 

2.  Initiation Device Circuits (IDC) shall be wired Class A (NFPA Style D) as part of an 
addressable device connected by the SLC Circuit. 

3.  Notification Appliance Circuits (NAC) shall be wired Class A (NFPA Style Z) as part 
of an addressable device connected by the SLC Circuit. 

4.  Digitized electronic signals shall employ check digits or multiple polling. 
5.  A single ground fault or open circuit on the system Signaling Line Circuit shall not 

cause system malfunction, loss of operating power or the ability to report an alarm. 
6.  Alarm signals arriving at the main FACP shall not be lost following a primary power 

failure (or outage) until the alarm signal is processed and recorded. 
7.  NAC speaker circuits shall be arranged such that there is a minimum of one speaker 

circuit per floor of the building or smoke zone which ever is greater. 
8.  Audio amplifiers and tone generating equipment shall be electrically supervised for 

normal and abnormal conditions. 
9.  NAC speaker circuits and control equipment shall be arranged such that loss of any 

one (1) speaker circuit will not cause the loss of any other speaker circuit in the 
system. 

10.  Two-way telephone communication circuits shall be supervised for open and short 
circuit conditions. 

C. BASIC SYSTEM FUNCTIONAL OPERATION 
 When a fire alarm condition is detected and reported by one of the system initiating 

devices, the following functions shall immediately occur: 
1.  The system alarm LED on the FACP shall flash. 
2.  A local piezo electric signal in the control panel shall sound. 
3.  A backlit 80-character LCD display on the FACP shall indicate all information 

associated with the fire alarm condition, including the type of alarm point and its 
location within the protected premises. 

4.  FACP history storage equipment shall log the information associated each new fire 
alarm control panel condition, along with time and date of occurrence. 

5.  All system output programs assigned via control-by-event interlock programming to 
be activated by the particular point in alarm shall be executed, and the associated 
system outputs (alarm notification appliances and/or relays) shall be activated. 

 
D. MONITORING OF SIGNALS BY SUPERVISING STATION: 
 
 1.  Each system with automatic fire detection, or which monitors a sprinkler system, shall 

be equipped with a 4-channel (minimum) Digital Alarm Communicator Transmitter 
(DACT) for transmission of fire alarm, supervisory, and trouble signals to a Central 
Station, Remote Supervising Station, or Proprietary Supervising Station. The 
following signals shall be reported as applicable, in accordance with 3.4.  

 • Fire Alarm  
 • Burglary / Intrusion / Duress / Other Security or Emergency Alarm (See 3.3)  
 • Fire Alarm System AC Power Trouble (only if 120vac interrupted for 8 hours)  
 

 EXCEPTION #1: In lieu of a DACT, the use of an addressable network is acceptable. 
Other appropriate means of transmitting fire alarm system signals off-premises may 
be permitted to be used, at the discretion of the AHJ who approves the plans.  

   
 2 The precedence of signals transmitted to the Supervising Station shall be as follows:  
  1. Fire Alarm  
  2. Security Alarm  
  3. Supervisory Signal  
  4. Trouble Signal  
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 Fire Alarm System AC Power Trouble signal must not be sent unless maintained for 8 
hours, to avoid nuisance transmissions to the supervising station from short term 120vac 
power outages (from switching transients, thunderstorms, etc.).  

3. The Contractor must provide a type of DACT that is compatible with the owner's alarm 
receiving equipment, or the Supervising Station selected by the owner, as applicable. He 
must also program the PROM, connect each DACT to the telephone line(s) provided to 
him, and verify proper signal receipt by the Supervising Station.  

 
1.4 SUBMITTALS 
 
 A. General: 

1.  Two copies of all submittals shall be submitted to the Architect/Engineer for review. 
2.  All references to manufacturer's model numbers and other pertinent information 

herein is intended to establish minimum standards of performance, function and 
quality. Equivalent compatible UL-listed equipment from other manufacturers may be 
substituted for the specified equipment as long as the minimum standards are met. 

3.  For equipment other than that specified, the contractor shall supply proof that such 
substitute equipment equals or exceeds the features, functions, performance, and 
quality of the specified equipment. 

B.  Shop Drawings: 
1.  Sufficient information, clearly presented, shall be included to determine compliance 

with drawings and specifications. 
2.  Include manufacturer's name(s), model numbers, ratings, power requirements, 

equipment layout, device arrangement, complete wiring point-to-point diagrams, and 
conduit layouts. 

3.  Show annunciator layout, configurations, and terminations. 
 C. Manuals: 

1.  Submit simultaneously with the shop drawings, complete operating and maintenance 
manuals listing the manufacturer's name(s), including technical data sheets. 

2.  Wiring diagrams shall indicate internal wiring for each device and the 
interconnections between the items of equipment. 

3.  Provide a clear and concise description of operation that gives, in detail, the 
information required to properly operate the equipment and system. 

 D. Software Modifications 
1.  Provide the services of a factory trained and authorized technician to perform all 

system software modifications, upgrades or changes.  Response time of the 
technician to the site shall not exceed 4 hours. 

2.  Provide all hardware, software, programming tools and documentation necessary to 
modify the fire alarm system on site. Modification includes addition and deletion of 
devices, circuits, zones and changes to system operation and custom label changes 
for devices or zones. The system structure and software shall place no limit on the 
type or extent of software modifications on-site. Modification of software shall not 
require power-down of the system or loss of system fire protection while 
modifications are being made. 

 E. Certifications:  Together with the shop drawing submittal, submit a certification from the 
major equipment manufacturer indicating that the proposed supervisor of the installation 
and the proposed performer of contract maintenance is an authorized representative of 
the major equipment manufacturer. Include names and addresses in the certification. 

 
1.5 GUARANTEE: 
 
All work performed and all material and equipment furnished under this contract shall be free from 
defects and shall remain so for a period of at least one (1) year from the date of acceptance. The 
full cost of maintenance, labor and materials required to correct any defect during this one year 
period shall be included in the submittal bid. 
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1.6 POST CONTRACT MAINTENANCE: 
 

A.  Complete maintenance and repair service for the fire alarm system shall be available 
from a factory trained authorized representative of the manufacturer of the major 
equipment for a period of five (5) years after expiration of the guaranty. 

B.  As part of the bid/proposal, include a quote for a maintenance contract to provide all 
maintenance, tests, and repairs described below. Include also a quote for unscheduled 
maintenance/repairs, including hourly rates for technicians trained on this equipment, and 
response travel costs for each year of the maintenance period. Submittals that do not 
identify all post contract maintenance costs will not be accepted. Rates and costs shall be 
valid for the period of five (5) years after expiration of the guaranty. 

C.  Maintenance and testing shall be on a semiannual basis or as required by the AHJ. A 
preventive maintenance schedule shall be provided by the contractor describing the 
protocol for preventive maintenance. The schedule shall include: 
1.  Systematic examination, adjustment and cleaning of all detectors, manual fire alarm 

stations, control panels, power supplies, relays, waterflow switches and all 
accessories of the fire alarm system. 

2.  Each circuit in the fire alarm system shall be tested semiannually. 
3.  Each smoke detector shall be tested in accordance with the requirements of NFPA 

72 Chapter 7. 
 
1.7  POST CONTRACT EXPANSIONS: 
 

A.  The contractor shall have the ability to provide parts and labor to expand the system 
specified, if so requested, for a period of five (5) years from the date of acceptance. 

B.  As part of the submittal, include a quotation for all parts and material, and all installation 
and test labor as needed to increase the number of intelligent or addressable devices by 
ten percent (10%). This quotation shall include intelligent smoke detectors, intelligent 
heat detectors, addressable manual stations, addressable monitor modules and 
addressable control modules equal in number to one tenth of the number required to 
meet this specification (list actual quantity of each type). 

C.  The quotation shall include installation, test labor, and labor to reprogram the system for 
this 10% expansion. If additional FACP hardware is required, include the material and 
labor necessary to install this hardware. 

D.  Do not include cost of conduit or wire or the cost to install conduit or wire except for labor 
to make final connections at the FACP and at each intelligent addressable device. Do not 
include the cost of conventional peripherals or the cost of initiating devices or notification 
appliances connected to the addressable monitor/control modules. 

E.  Submittals that do not include this estimate of post contract expansion cost will not be 
accepted. 

 
1.8 APPLICABLE STANDARDS AND SPECIFICATIONS: 
 
The specifications and standards listed below form a part of this specification. The system shall 
fully comply with the latest issue of these standards, if applicable. 
 
 A. National Fire Protection Association (NFPA) - USA: 
  No. 12  CO2 Extinguishing Systems (low and high) 
  No. 12B Halon 1211 Extinguishing Systems 
  No. 16  Foam/Water Deluge and Spray Systems 
  No. 17  Dry Chemical Extinguishing Systems 
  No. 17A Wet Chemical Extinguishing Systems 
     Clean Agent Extinguishing Systems 
  No. 72-1996 National Fire Alarm Code 
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 B. Underwriters Laboratories Inc. (UL) - USA: 
  No. 268  Smoke Detectors for Fire Protective Signaling Systems 
  No. 864  Control Units for Fire Protective Signaling Systems 
  No. 268A Smoke Detectors for Duct Applications 
  No. 521  Heat Detectors for Fire Protective Signaling Systems 
  No. 464  Audible Signaling Appliances 
  No. 38  Manually Actuated Signaling Boxes 
  No. 1076 Control Units for Burglar Alarm Proprietary Protective Signaling Systems 
  No. 1971 Visual Notification Appliances 
 C. Local and State Building Codes. 
 D. All requirements of the Authority Having Jurisdiction (AHJ). 
  
1.9 APPROVALS: 
 A. The system shall have proper listing and/or approval from the following nationally 
recognized    agencies:  
  UL Underwriters Laboratories Inc 
  FM Factory Mutual 

B.  The fire alarm control panel shall meet UL Standard 864 (Control Units) and UL Standard 
1076    (Proprietary Burglar Alarm Systems). 

 
PART 2.0 PRODUCTS 
 
2.1 EQUIPMENT AND MATERIAL, GENERAL: 
 

A.  All equipment and components shall be new, and the manufacturer's current model. The 
materials, appliances, equipment and devices shall be tested and listed by a nationally 
recognized approvals agency for use as part of a protective signaling system, meeting 
the National Fire Alarm Code. 

B.  All equipment and components shall be installed in strict compliance with manufacturers' 
recommendations. Consult the manufacturer's installation manuals for all wiring 
diagrams, schematics, physical equipment sizes, etc., before beginning system 
installation. 

C.  All equipment shall be attached to walls and ceiling/floor assemblies and shall be held 
firmly in place (e.g., detectors shall not be supported solely by suspended ceilings). 
Fasteners and supports shall be adequate to support the required load. 

 
2.2 CONDUIT AND WIRE: 
 
 A. Conduit: 

1. Conduit shall be in accordance with The National Electrical Code (NEC), local and 
state requirements.  Raceways shall be provided for all concealed installations, rated 
wall penetrations and exposed installations within the boiler room.  Installations within 
other areas shall be run raceway. 

2. Where required, all wiring shall be installed in conduit or raceway.  Conduit fill shall 
not exceed 40 percent of interior cross-sectional area where three or more cables are 
contained within a single conduit. 

3. Cable must be separated from any open conductors of power, or Class 1 circuits, and 
shall not be placed in any conduit, junction box or raceway containing these 
conductors, per NEC Article 760-29. 

4. Wiring for 24-volt DC control, alarm notification, emergency communication and 
similar power-limited auxiliary functions may be run in the same conduit as initiating 
and signaling line circuits. All circuits shall be provided with transient suppression 
devices and the system shall be designed to permit simultaneous operation of all 
circuits without interference or loss of signals. 
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5. Conduit shall not enter the fire alarm control panel, or any other remotely mounted 
control panel equipment or back boxes, except where conduit entry is specified by 
the FACP manufacturer. 

6. Conduit shall be 3/4-inch (19.1 mm) minimum and RED in color. 
 B. Wire: 

1. All fire alarm system wiring shall be new. 
2. Wiring shall be in accordance with local, state and national codes (e.g., NEC Article 

760) and as recommended by the manufacturer of the fire alarm system. Number 
and size of conductors shall be as recommended by the fire alarm system 
manufacturer, but not less than 18 AWG (1.02 mm) for Initiating Device Circuits and 
Signaling Line Circuits, and 14 AWG (1.63 mm) for Notification Appliance Circuits. 

3. All wire and cable shall be listed and/or approved by a recognized testing agency for 
use with a protective signaling system. 

4. Wiring used for the multiplex communication circuit (SLC) shall be twisted and 
shielded and support a minimum wiring distance of 10,000 feet. In certain 
applications, the system shall support up to SLCs with up to 1,000 feet of untwisted, 
unshielded wire. The design of the system shall permit use of IDC and NAC wiring in 
the same conduit with the SLC communication circuit. 

5.  All field wiring shall be electrically supervised for open circuit and ground fault. 
C.  Terminal Boxes, Junction Boxes and Cabinets:  All boxes and cabinets shall be UL listed 

for their use and purpose. 
D.  Initiating circuits shall be arranged to serve like categories (manual, smoke, waterflow). 

Mixed category circuitry shall not be permitted except on signaling line circuits connected 
to intelligent reporting devices. 

E.  The fire alarm control panel shall be connected to a separate dedicated branch circuit, 
maximum 20 amperes. This circuit shall be labeled at the main power distribution panel 
as FIRE ALARM. Fire alarm control panel primary power wiring shall be 12 AWG. The 
control panel cabinet shall be grounded securely to either a cold-water pipe or grounding 
rod. 

 
2.3 MAIN FIRE ALARM CONTROL PANEL: 
 

A. The FACP shall contain a microprocessor based Central Processing Unit (CPU). The 
CPU shall communicate with and control the following types of equipment used to make 
up the system: intelligent addressable smoke and thermal (heat) detectors, addressable 
modules, printer, annunciators, and other system-controlled devices.  Basis of Design 
shall be Notifier. Equivalent products by Gamewell, Potter and Edwards EST, shall be 
considered equals. Other manufacturers require approval prior to bid submission. 

B. Operator Control 
1. Acknowledge Switch: 

a.  Activation of the control panel acknowledge switch in response to new alarms 
and/or troubles shall silence the local panel piezo electric signal and change the 
alarm and trouble LEDs from flashing mode to steady-ON mode. If multiple alarm 
or trouble conditions exist, depression of this switch shall advance the 80-
character LCD display to the next alarm or trouble condition. 

b.  Depression of the Acknowledge switch shall also silence all remote annunciator 
piezo sounders. 

2. Alarm Silence Switch:  
 Activation of the alarm silence switch shall cause all programmed alarm notification 

appliances and relays to return to the normal condition after an alarm condition. The 
selection of notification circuits and relays that are silenceable by this switch shall be 
fully field programmable within the confines of all applicable standards. The FACP 
software shall include silence inhibit and auto-silence timers. 

3. Alarm Activate (Drill) Switch: 
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 The Alarm Activate switch shall activate all notification appliance circuits. The drill 
function shall latch until the panel is silenced or reset. 

4. System Reset Switch:  
 Activation of the System Reset switch shall cause all electronically-latched initiating 

devices, appliances or software zones, as well as all associated output devices and 
circuits, to return to their normal condition. 

5. Lamp Test: 
 The Lamp Test switch shall activate all system LEDs and light each segment of the 

liquid crystal display. 
C. System Capacity and General Operation 

1. The control panel shall provide or be capable of expansion to 396 
intelligent/addressable devices. 

2. The control panel shall include Form-C alarm, trouble, supervisory, and security 
relays rated at a minimum of 3.0 amps @ 30 VDC. It shall also include four Class B 
(NFPA Style Y) or Class A (NFPA Style Z) programmable Notification Appliance 
Circuits. 

3. The system shall support up to 8 additional output modules (signal, speaker, 
telephone, or relay), each with 8 circuits for an additional 64 circuits. These circuits 
shall be either Class A (NFPA Style D) or Class B (NFPA Style Y) per the project 
drawings. 

4. The fire alarm control panel shall include a full featured operator interface control and 
annunciation panel that shall include a backlit Liquid Crystal Display (LCD), individual 
color-coded system status LEDs, and an alphanumeric keypad for the field 
programming and control of the fire alarm system. 

5. All programming or editing of the existing program in the system shall be achieved 
without special equipment and without interrupting the alarm monitoring functions of 
the fire alarm control panel. The system shall be fully programmable, configurable, 
and expandable in the field without the need for special tools, PROM programmers or 
PC based programmers. It shall not require replacement of memory ICs to facilitate 
programming changes. 

6. The system shall allow the programming of any input to activate any output or group 
of outputs. Systems which have limited programming (such as general alarm), have 
complicated programming (such as a diode matrix), or require a laptop personal 
computer are not considered suitable substitutes. 

7. The FACP shall provide the following features: 
a. Drift compensation to extend detector accuracy over life. Drift compensation shall 

also include a smoothing feature, allowing transient noise signals to be filtered 
out. 

b. Detector sensitivity test, meeting requirements of NFPA 72, Chapter 7. 
c. Maintenance alert, with two levels (maintenance alert/maintenance urgent), to 

warn of excessive smoke detector dirt or dust accumulation. 
d. Nine sensitivity levels for alarm, selected by detector. The alarm level range shall 

be 1 to 2.35 percent per foot for photoelectric detectors and 0.5 to 2.5 percent 
per foot for ionization detectors.  The system shall also include up to nine levels 
of prealarm, selected by detector, to indicate to maintenance personnel of 
impending alarms. 

e. The ability to display or print system reports. 
f. Alarm verification, with counters and a trouble indication to alert maintenance 

personnel when a detector enters verification 20 times. 
g. PAS presignal, meeting NFPA 72 requirements. 
h. Rapid manual station reporting (under 3 seconds). 
i. Non-alarm points for general (non-fire) control. 
j. Periodic detector test, conducted automatically by the software. 
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k. Self optimizing pre-alarm for advanced fire warning, which allows each detector to 
learn its particular environment and set its prealarm level to just above normal 
peaks. 

l. Cross zoning with the capability of counting: two detectors in alarm, two software 
zones in alarm, or one smoke detector and one thermal detector. 

m. Walk test, with a check for two detectors set to same address. 
n. Control-by-time for non-fire operations, with holiday schedules. 
o. Day/night automatic adjustment of detector sensitivity. 
p. UL-1076 security monitor points. 

8. The FACP shall be capable of coding notification circuits in march time (120 PPM), 
temporal (NFPA 72). Main panel notification circuits (NAC 1,2,3 and 4) shall also 
support special two and three stage operations.  The two-stage feature allows 20 
Pulses Per Minute (PPM) on alarm and 120 PPM after 5 minutes or when a second 
device activates.  The three-stage option provides 20 PPM with one detector in 
alarm, 120 PPM with two detectors in alarm, and steady on with release. 

 D. Central Microprocessor 
1. The microprocessor shall be a state-of-the-art, high speed, 16-bit RISC device and it 

shall communicate with, monitor and control all external interfaces. It shall include an 
EPROM for system program storage, non-volatile memory for building-specific 
program storage, and a "watch dog" timer circuit to detect and report microprocessor 
failure. 

 
2. The microprocessor shall contain and execute all control-by-event programs for 

specific action to be taken if an alarm condition is detected by the system. Control-by-
event equations shall be held in non-volatile programmable memory and shall not be 
lost even if system primary and secondary power failure occurs. 

3. The microprocessor shall also provide a real-time clock for time annotation of system 
displays, printer, and history file. The time-of-day and date shall not be lost if system 
primary and secondary power supplies fail. The real time clock may also be used to 
control non-fire functions at programmed time-of-day, day-of-week, and day-of-year. 

4. A special program check function shall be provided to detect common operator 
errors. 

5. An auto-program (self-learn) function shall be provided to quickly install initial 
functions and make the system operational. 

6. For flexibility and to ensure program validity, an optional Windows(TM) based 
program utility shall be available. This program shall be used to off-line program the 
system with batch upload/download. This program shall also have a verification utility 
which scans the program files, identifying possible errors. It shall also have the ability 
to compare old program files to new ones, identifying differences in the two files to 
allow complete testing of any system operating changes. This shall be in 
incompliance with the NFPA 72 requirements for testing after system modification. 

 E. Display  
1. The display shall provide all the controls and indicators used by the system operator 

and may also be used to program all system operational parameters. 
2. The display shall include status information and custom alphanumeric labels for all 

intelligent detectors, addressable modules, internal panel circuits, and software 
zones. 

3. The display shall include an 80-character back-lit alphanumeric Liquid Crystal Display 
(LCD). It shall also provide 8 Light-Emitting-Diodes (LEDs), that indicate the status of 
the following system parameters: AC POWER, FIRE ALARM, PREALARM 
WARNING, SECURITY ALARM, SUPERVISORY SIGNAL, SYSTEM TROUBLE, 
DISABLED POINTS, and ALARM SILENCED. 

4. The display keypad shall be an easy-to-use QWERTY type keypad, similar to a PC 
keyboard. This shall be part of the standard system and have the capability to 
command all system functions, entry of any alphabetic or numeric information, and 
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field programming. Two different password levels shall be provided to prevent 
unauthorized system control or programming. 

5. The display shall include the following operator control switches: ACKNOWLEDGE, 
ALARM SILENCE, ALARM ACTIVATE (drill), SYSTEM RESET, and LAMP TEST. 

6. The system shall support an optional battery ammeter/voltmeter display. 
 F. Signaling Line Circuits (SLC) 

1. The system shall include two SLCs. Each SLC interface shall provide power to and 
communicate with up to 99 intelligent detectors (ionization, photoelectric or thermal) 
and 99 intelligent modules (monitor or control) for a system capacity of 396 devices. 
Each SLC shall be capable of NFPA 72 Style 4, Style 6, or Style 7 (Class A or B) 
wiring. 

2. The Loop Interface Board (LIB) shall receive analog information from all intelligent 
detectors to be processed to determine whether normal, alarm, prealarm, or trouble 
conditions exist for each detector. The software shall automatically maintain the 
detector's desired sensitivity level by adjusting for the effects of environmental 
factors, including the accumulation of dust in each detector. The analog information 
shall also be used for automatic detector testing and for the automatic determination 
of detector maintenance requirements. 

3. The detector software shall meet NFPA 72, Chapter 7 requirements and be certified 
by UL as a calibrated sensitivity test instrument. 

4. The detector software shall allow manual or automatic sensitivity adjustment. 
 G. Serial Interfaces 

1. The system shall include two serial EIA-232 interfaces. Each interface shall be a 
means of connecting UL Listed Electronic Data Processing (EDP) peripherals. 

2. One EIA-232 interface shall be used to connect an UL-Listed 40 or 80 column printer. 
Printers which are not UL-Listed are not considered acceptable substitutes. 

3. The system shall include an EIA-485 port for the serial connection of optional 
annunciators and remote LCD displays. 

4. The EIA-485 interface may be used for network connection to a proprietary receiving 
unit. 

 H. Notification Appliance Circuit (NAC) Module    
1. The Notification Appliance Circuit module shall provide four fully supervised Class A 

or B (NFPA Style Z or Y) notification circuits. An expansion circuit board shall allow 
expansion to eight circuits per module. 

2. The notification circuit capacity shall be 3.0 amperes maximum per circuit and 6.0 
amperes maximum per module. 

3. The module shall not affect other module circuits in any way during a short circuit 
condition. 

4. The module shall provide eight green ON/OFF LEDs and eight yellow TROUBLE 
LEDs.    

5. The module shall also provide a momentary switch per circuit that may be used to 
manually turn the particular circuit on or off or to disable the circuit.  

6. Each notification circuit shall include a custom label inserted to identify each circuits 
location. Labels shall be created using a standard typewriter or wordprocessor.  

7. The notification circuit module shall be provided with removable wiring terminal 
blocks for ease of installation and service. The terminal strips shall be UL listed for 
use with up to 12 AWG wire.  

8. Each circuit shall be capable of, through system programming, deactivating upon 
depression of the signal silence switch. 

9. Alarm notification appliance (NAC) circuits shall be NFPA 72 Style Y (Class B). The 
load connected to each circuit must not exceed 80% of rated module output and the 
coverage of each circuit shall not exceed 3 floors (to limit the effect of faults, and to 
facilitate troubleshooting). The NAC voltage drop during alarm must not exceed 14% 
of the voltage measured across the batteries at that time. To achieve this, the design 
must consider wire size, length of circuit, device load, inherent voltage loss within the 



DIVISION 16 ELECTRICAL 
SECTION 16800 FIRE ALARM SYSTEM 
 

 
16800 - 10 

 

FACU's power supply, etc. The contractor shall use power outage testing to verify 
that the NAC circuit was designed and installed properly.  

 I. Control Relay Module 
1. The control relay module shall provide four Form-C auxiliary relay circuits rated at 5 

amperes, 28 VDC. An expansion circuit board shall allow expansion to eight Form-C 
relays per module. 

2. Each relay circuit shall be capable of being activated (change in state) by any 
initiating device or from any combination of initiating devices. 

3. The expansion module shall provide 8 green ON/OFF LEDs and 8 yellow LEDs 
(indicates disabled status of the relay). 

4. The module shall provide a momentary switch per relay circuit that may be used to 
manually turn the relay ON/OFF or to disable the relay. 

5. Each relay circuit shall include a custom label inserted to identify its location. Labels 
shall be created using a standard typewriter or word processor. 

6. The control relay module shall be provided with removable wiring terminal blocks for 
ease of installation and service. The terminal blocks shall be UL listed for use with up 
to 12 AWG wire. 

 L. Enclosures: 
1. The control panel shall be housed in a UL-listed cabinet suitable for surface or semi-

flush mounting. The cabinet and front shall be corrosion protected, given a rust-
resistant prime coat, and manufacturer's standard finish. 

2. The back box and door shall be constructed of 0.060 steel with provisions for 
electrical conduit connections into the sides and top.  

3. The door shall provide a key lock and shall include a glass or other transparent 
opening for viewing of all indicators. For convenience, the door may be selected for 
either right or left hand hinging.  

 N. Power Supply: 
  

1. The main power supply for the fire alarm control panel shall provide 6.0 amps of 
available power for the control panel and peripheral devices.  

2. Provisions will be made to allow the audio-visual power to be increased as required 
by adding modular expansion audio-visual power supplies.  

3. Positive-Temperature-Coefficient (PTC) thermistors, circuit breakers, or other over-
current protection shall be provided on all power outputs. The power supply shall 
provide an integral battery charger for use with batteries up to 55 AH or may be used 
with an external battery and charger systems. Battery arrangement may be 
configured in the field. 

4. The main power supply shall continuously monitor all field wires for earth ground 
conditions, and shall have the following LED indicators: 

    Ground Fault LED 
    Battery Fail LED 
    AC Power Fail LED 
5. The main power supply shall operate on 120 VAC, 60 Hz, and shall provide all 

necessary power for the FACP. 
6. The main power supply shall provide a battery charger for 24 hours of standby using 

dual rate charging techniques for fast battery recharge. 
7. The main power supply shall provide a very low frequency sweep earth detect circuit, 

capable of detecting earth faults. 
8. The main power supply shall provide meters to indicate battery voltage and charging 

current. 
9. All circuits shall be power-limited, per 1995 UL864 requirements. 
10. The following protection against voltage transients and surges must be provided by 

the fire alarm equipment supplier, and installed by the electrical contractor:  
 On AC Input: A feed-through (not a shunt-type) branch circuit transient arrestor such 

as the EFI HWM-120, Leviton OEM-120EFI, Northern Technologies TCS-HW, 
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Transtector ACP100BWN3, or any equivalent UL Listed device submitted to and 
approved by the electrical design engineer. Install suppressor in a listed enclosure 
near the electrical panelboard, and trim excess lead lengths. Wind small coil in the 
branch circuit conductor just downstream of the suppressor connection. Coil to be 5 
to 10 turns, about 1" diameter, and securely tie-wrapped. This series impedance will 
improve the effectiveness of the arrestor in suppressing voltage transients.  

 On DC Circuits Extending Outside Building: Adjacent to the FACU, and also near 
point of entry to outlying building, provide "pi"-type filter on each leg, consisting of a 
primary arrestor, series impedance, and a fast-acting secondary arrestor that clamps 
at 30v-40v. Some acceptable models: Innovative Technology D2S33-2ML, Simplex 
2081-9027 and 2081-9028, Transtector TSP8601, Ditek DTKxLVL series, Citel 
America B280-24V, and Northern Technologies DLP-42. Submit specifications on 
others to the engineer for approval. UL 497B listing is normally a prerequisite for their 
consideration. Devices using only MOV active elements are not acceptable.  

 
 O. Field Charging Power Supply: The FCPS is a device designed for use as either a remote 

24-volt power supply or used to power Notification Appliances. 
1. The FCPS shall offer up to 6.0 amps (4.0 amps continuous) of regulated 24-volt 

power. It shall include an integral charger designed to charge 7.0-amp hour batteries 
and to support 60-hour standby. 

2. The Field Charging Power Supply shall have two input triggers. The input trigger shall 
be a Notification Appliance Circuit (from the fire alarm control panel) or a relay. Four 
outputs (two Style Y or Z and two style Y) shall be available for connection to the 
Notification devices. 

3. The FCPS shall include an attractive surface mount backbox. 
4. The Field Charging Power Supply shall include the ability to delay the AC fail delay 

per NFPA requirements. 
5. The FCPS include power limited circuitry, per UL standards. 
6. Refer to Item P.10.  

 R. Specific System Operations 
1. Smoke Detector Sensitivity Adjust:  A means shall be provided for adjusting the 

sensitivity of any or all addressable intelligent detectors in the system from the 
system keypad. Sensitivity range shall be within the allowed UL window and have a 
minimum of 9 levels. 

2. Alarm Verification: Each of the intelligent addressable smoke detectors in the system 
may be independently selected and enabled to be an alarm verified detector. The 
alarm verification delay shall be programmable from 5 to 30 seconds and each 
detector shall be able to be selected for verification. The FACP shall keep a count of 
the number of times that each detector has entered the verification cycle. These 
counters may be displayed and reset by the proper operator commands. 

3. Point Disable: Any addressable device or conventional circuit in the system may be 
enabled or disabled through the system keypad. 

4. Point Read: The system shall be able to display or print the following point status 
diagnostic functions: 

   a. Device status 
   b. Device type 
   c. Custom device label 
   d. View analog detector values 
   e. Device zone assignments 
   f. All program parameters 
5. System Status Reports: Upon command from an operator of the system, a status 

report will be generated and printed, listing all system status. 
6.  System History Recording and Reporting: The fire alarm control panel shall contain a 

history buffer that will be capable of storing up to 1000 events. Up to 200 events shall 
be dedicated to alarm and the remaining events are general purpose. Each of these 
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activations will be stored and time and date stamped with the actual time of the 
activation. The contents of the history buffer may be manually reviewed, one event at 
a time, or printed in its entirety. 

7.  The history buffer shall use non-volatile memory. Systems that use volatile memory 
for history storage are not acceptable substitutes. 

8. Automatic Detector Maintenance Alert: The fire alarm control panel shall 
automatically interrogate each intelligent detector and shall analyze the detector 
responses over a period of time. If any intelligent detector in the system responds 
with a reading that is above or below normal limits, then the system will enter the 
trouble mode, and the particular detector will be annunciated on the system display, 
and printed on the optional printer. This feature shall in no way inhibit the receipt of 
alarm conditions in the system, nor shall it require any special hardware, special tools 
or computer expertise to perform. 

9. Pre-Alarm Function: The system shall provide two levels of pre-alarm warning to give 
advance notice of a possible fire situation. Both pre-alarm levels shall be fully field 
adjustable. The first level shall give an audible indication at the panel. The second 
level shall give an audible indication and may also activate control relays. The system 
shall also have the ability to activate local detector sounder bases at the pre-alarm 
level, to assist in avoiding nuisance alarms. 

10. Software Zones: The FACP shall provide 99 software zones and 10 additional special 
function zones.  

11. The fire alarm control panel shall include a walk test feature. It shall include the ability 
to test initiating device circuits and notification appliance circuits from the field without 
returning to the panel to reset the system. Operation shall be as follows: 
a. Alarming an initiating device shall activate programmed outputs, which are 

selected to participate in walk test, for 3 seconds. 
b. Introducing a trouble into the initiating device shall activate the programmed 

outputs for 8 seconds. 
c. Walk test shall be selectable on a per device/circuit basis. All devices and circuits 

which are not selected for walk test shall continue to provide fire protection and if 
an alarm is detected, will exit walk test and activate all programmed alarm 
functions. 

d. All devices tested in walk test shall be recorded in the history buffer. 
12. Waterflow Operation: An alarm from a waterflow detection device shall activate the 

appropriate alarm message on the 80-character display, turn on all programmed 
notification appliance circuits and shall not be affected by the signal silence switch. 

13. Supervisory Operation: An alarm from a supervisory device shall cause the 
appropriate indication on the 80-character display, light a common supervisory LED, 
but will not cause the system to enter the trouble mode. 

14. Signal Silence Operation: The FACP shall have the ability to program each output 
circuit (notification, relay, speaker etc) to deactivate upon depression of the signal 
silence switch.  Any addressable initiating device in the system may be used as a 
non-alarm input to monitor normally open contact type devices. Non-alarm functions 
are a lower priority than fire alarm initiating devices. 

15. Combo Zone: A special type code shall be available to allow waterflow and 
supervisory devices to share a common addressable module.  Waterflow devices 
shall be wired in parallel, supervisory devices in series. 

 
2.4 SYSTEM COMPONENTS: 
 
 A. Speakers: 

1. All speakers shall operate on 25 VRMS or with field selectable output taps from 0.5 to 
2.0 Watts.   Speakers in corridors and public spaces shall produce a nominal sound 
output of 84 dBA at 10 feet (3m).   

2. Frequency response shall be a minimum of 400 HZ to 4000 HZ. 
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3. The back of each speaker shall be sealed to protect the speaker cone from damage 
and dust. 

 B. Strobe lights shall meet the requirements of the ADA, UL Standard 1971 and shall meet 
the    following criteria: 

1. The maximum pulse duration shall be 2/10 of one second. 
2. Strobe intensity shall meet the requirements of UL 1971. 
3. The flash rate shall meet the requirements of UL 1971. 
4. Strobes within common spaces shall be sequenced to flash simultaneously. 

 C. Serially Connected Annunciator 
1. The annunciator shall communicate with the fire alarm control panel via a two wire 

EIA 485 (multi-drop) communications circuit. 
2. The annunciator shall require no more than four wires for operation. Annunciation 

shall include: intelligent addressable points, system software zones, control relays, 
and notification appliance circuits. The following operations shall also be provided: 
a. Up to 32 annunciators, each with up to 64 points, may be installed on the system. 
b. The annunciator shall include a single electrical key switch to disable all switch 

functions. 
c. The annunciator shall provide alarm and trouble resound, with flash for new 

conditions. 
d. An optional repeater shall be available which allows the serial data to be 

repeated, supporting extended wire distances. A version shall also be available 
for connecting annunciators over a dual fiber optic pair. 

e. This unit shall provide for each zone: alarm indications, using a red alarm and 
yellow trouble long-life LEDs and control switches for the control of fire alarm 
control panel functions. The annunciator will also have an ON-LINE LED, local 
piezo electric signal, local acknowledge/lamp test switch, and custom slide-in 
zone/function identification labels. 

f. Switches shall be available for remote annunciation and control of output points 
in the system, system acknowledge, telephone zone select, speaker select, 
global signal silence, and global system reset within the confines of all applicable 
standards. 

 D. Alphanumeric LCD Type Annunciator:  Remote Monitoring Panel 
1. The alphanumeric display annunciator shall be a supervised, remotely located back-

lit LCD display containing a minimum of eighty (80) characters for alarm annunciation 
in clear English text. 

2. The LCD annunciator shall display all alarm and trouble conditions in the system.   
3. An audible indication of alarm shall be integral to the alphanumeric display. 
4. The display shall be UL listed for fire alarm application. 
5. It shall be possible to connect up to 32 LCD displays and be capable of wiring 

distances up to 6,000 feet from the control panel. 
6. The annunciator shall connect to a separate, dedicated "terminal mode" EIA-485 

interface. This is a two-wire loop connection and shall be capable of distances to 
6,000 feet. Each terminal mode LCD display shall mimic the main control panel.  

7. The system shall allow a minimum of 32 terminal mode LCD annunciators. Up to 10 
LCD annunciators shall be capable of the following system functions: Acknowledge, 
Signal Silence and Reset which shall be protected from unauthorized use by a key 
switch or password.  

 G. All interfaces and associated equipment are to be protected so that they will not be 
affected by voltage surges or line transients consistent with UL standard 864. 

 H. Universal Digital Alarm Communicator Transmitter (UDACT). The UDACT is an interface 
for communicating digital information between a fire alarm control panel and a UL-Listed 
central station. 
1. The UDACT shall be compact in size, mounting in a standard module position of the 

fire alarm control cabinet. Optionally, the UDACT shall have the ability for remote 
mounting, up to 6,000 feet from the fire alarm control panel. The wire connections 
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between the UDACT and the control panel shall be supervised with one pair for 
power and one pair for multiplexed communication of overall system status.  Systems 
that utilize relay contact closures are not acceptable. 

2. The UDACT shall include connections for dual telephone lines (with voltage detect), 
per UL/NFPA/FCC requirements. It shall include the ability for split reporting of panel 
events up to three different telephone numbers. 

3. The UDACT shall be completely field programmable from a built-in keypad and 4-
character red, seven segment display. 

4. The UDACT shall be capable of transmitting events in at least 15 different formats. 
This ensures compatibility with existing and future transmission formats. 

5. Communication shall include vital system status such as: 
   - Independent Zone (Alarm, trouble, non-alarm, supervisory) 
   - Independent Addressable Device Status 
   - AC (Mains) Power Loss 
   - Low Battery and Earth Fault 
   - System Off Normal 
   - 12 and 24 Hour Test Signal 
   - Abnormal Test Signal (per UL requirements) 
   - EIA-485 Communications Failure 
   _ Phone Line Failure 
6. The UDACT shall support independent zone/point reporting when used in the 

Contact ID format. In this format the UDACT shall support transmission of up to 2,040 
points. This enables the central station to have exact details concerning the origin of 
the fire or response emergency. 

 I. Field Wiring Terminal Blocks ease of service all panel I/O wiring terminal blocks shall be 
removable, plug-in types and have sufficient capacity for #18 to #12 AWG wire. Terminal 
blocks which are permanently fixed are not acceptable. 

 J. Printer 
1. The system shall have a strip printer capable of being mounted directly in the main 

FACP enclosure. Alarms shall be printed in easy-to-read RED, other messages, such 
as a trouble, shall be printed in BLACK. This printer shall receive power from the 
system power supply and shall operate via battery back-up if AC mains are lost. The 
strip printer shall be UL 864 listed.  Printing shall be in ink. Thermal paper will not be 
accepted. 

 
2.5 SYSTEM COMPONENTS - ADDRESSABLE DEVICES 
 
 A. Addressable Devices - General 

1. Addressable devices shall use simple to install and maintain decade (numbered 1 to 
10) type address switches. 

2. Addressable devices which use a binary-coded address setting method, such as a 
DIP switch, are not an allowable substitute. 

3. Detectors shall be intelligent and addressable and shall connect with two wires to the 
fire alarm control panel signaling line circuits. 

4. Addressable smoke and thermal detectors shall provide dual alarm and power/polling 
LEDs. Both LEDs shall flash under normal conditions, indicating that the detector is 
operational and in regular communication with the control panel, and both LEDs shall 
be placed into steady illumination by the control panel, indicating that an alarm 
condition has been detected. If required, the LED flash shall have the ability to be 
removed from the system program. An output connection shall also be provided in 
the base to connect an external remote alarm LED. 

5. The fire alarm control panel shall permit detector sensitivity adjustment through field 
programming of the system. Sensitivity shall be automatically adjusted by the panel 
on a time-of-day basis. 
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6. Using software in the FACP, detectors shall automatically compensate for dust 
accumulation and other slow environmental changes that may affect their 
performance. The detectors shall be listed by UL as meeting the calibrated sensitivity 
test requirements of NFPA Standard 72. 

7. The detectors shall be ceiling-mount and shall include a separate twist-lock base with 
tamper proof feature. Base shall include a sounder base with a built-in (local) 
sounder rated at 85 DBA minimum, a relay base and an isolator base designed for 
Style 7 applications. 

8. The detectors shall provide a test means whereby they will simulate an alarm 
condition and report that condition to the control panel. Such a test may be initiated 
at the detector itself (by activating a magnetic switch) or initiated remotely on 
command from the control panel. 

9. Detectors shall also store an internal identifying type code that the control panel shall 
use to identify the type of device (ION, PHOTO, THERMAL). 

10. Detectors will operate in an analog fashion, where the detector simply measures its 
designed environment variable and transmits an analog value to the FACP based on 
real-time measured values. The FACP software, not the detector, shall make the 
alarm/normal decision, thereby allowing the sensitivity of each detector to be set in 
the FACP program and allowing the system operator to view the current analog value 
of each detector. 

11. Detectors shall provide address-setting means using decimal switches and shall also 
store an internal identifying code that the control panel shall use to identify the type of 
device. LEDs shall be provided that shall flash under normal conditions, indicating 
that the device is operational and is in regular communication with the control panel. 

12. Addressable devices shall provide address-setting means using decimal switches 
and shall also store an internal identifying code that the control panel shall use to 
identify the type of device. LED(s) shall be provided that shall flash under normal 
conditions, indicating that the device is operational and is in regular communication 
with the control panel. 

13. A magnetic test switch shall be provided to test detectors and modules. Detectors 
shall report an indication of an analog value reaching 100% of the alarm threshold. 

 B.  Addressable Pull Box (manual station) 
1. Addressable pull boxes shall, on command from the control panel, send data to the 

panel representing the state of the manual switch and the addressable 
communication module status. They shall use a key operated test-reset lock and 
shall be designed so that after actual emergency operation, they cannot be restored 
to normal use except by the use of a key. 

2. All operated stations shall have a positive, visual indication of operation and utilize a 
key type reset. 

3. In educational facilities, manual stations shall be provided with surface mounted clear 
polycarbonate covers with an integral sounder base (95 dB minimum). Power for 
sounder base shall be hard wired from the fire alarm system, battery powered 
sounder bases shall not be acceptable. STI Stopper II model STI-1130-PULL shall be 
the basis of design. Approved equals by other manufacturers are acceptable. 

 C. Intelligent Photoelectric Smoke Detector 
1. The detectors shall use the photoelectric (light-scattering) principal to measure 

smoke density and shall, on command from the control panel, send data to the panel 
representing the analog level of smoke density. 

 D. Intelligent Ionization Smoke Detector 
1. The detectors shall use the dual-chamber ionization principal to measure products of 

combustion and shall, on command from the control panel, send data to the panel 
representing the analog level of products of combustion. 

 E. Intelligent Multi-Detector 
1. The intelligent multi-detector shall be an addressable device which is designed to 

monitor photoelectric, ionization, and thermal technologies in a single sensing device.  
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This detector shall utilize advanced electronics which react to smaller products of 
combustion found in fast flaming fires (ionization), slow smoldering fires 
(photoelectric), and heat (thermal) all within a single sensing device. 

2. The multi-detector shall include two bicolor LEDs which flash green in normal 
operation and turn on steady red in alarm. 

 F. Intelligent Thermal Detectors 
1. Thermal detectors shall be intelligent addressable devices rated at 135 degrees 

Fahrenheit (58 degrees Celsius) and have a rate-of-rise element rated at 15 degrees 
F (9.4 degrees C) per minute. It shall connect via two wires to the fire alarm control 
panel signaling line circuit. 

 G. Intelligent Duct Smoke Detector 
1. The smoke detector housing shall accommodate either an intelligent ionization 

detector or an intelligent photoelectric detector, of that provides continuous analog 
monitoring and alarm verification from the panel. 

2. When sufficient smoke is sensed, an alarm signal is initiated at the FACP, and 
appropriate action taken to change over air handling systems to help prevent the 
rapid distribution of toxic smoke and fire gases throughout the areas served by the 
duct system. 

 H. Addressable Dry Contact Monitor Module 
1. Addressable monitor modules shall be provided to connect one supervised IDC zone 

of conventional alarm initiating devices (any N.O. dry contact device) to one of the 
fire alarm control panel SLCs. 

2. The monitor module shall mount in a 4-inch square, 2-1/8 inch deep electrical box. 
3. The IDC zone shall be suitable for Style D or Style B operation. An LED shall be 

provided that shall flash under normal conditions, indicating that the monitor module 
is operational and in regular communication with the control panel. 

4. For difficult to reach areas, the monitor module shall be available in a miniature 
package and shall be no larger than 2-3/4 inch x 1-1/4 inch x 1/2 inch. This version 
need not include Style D or an LED. 

 I. Two Wire Detector Monitor Module 
1. Addressable monitor modules shall be provided to connect one supervised IDC zone 

of conventional 2-wire smoke detectors or alarm initiating devices (any N.O. dry 
contact device). 

2. The two-wire monitor module shall mount in a 4-inch square, 2-1/8 inch deep 
electrical box or with an optional surface backbox. 

3. The IDC zone may be wired for Class A or B (Style D or Style B) operation. An LED 
shall be provided that shall flash under normal conditions, indicating that the monitor 
module is operational and in regular communication with the control panel. 

 J. Addressable Control Module 
1. Addressable control modules shall be provided to supervise and control the operation 

of one conventional NACs of compatible, 24 VDC powered, polarized audio/visual 
notification appliances. For fan shutdown and other auxiliary control functions, the 
control module may be set to operate as a dry contract relay. 

2. The control module shall mount in a standard 4-inch square, 2-1/8 inch deep 
electrical box, or to a surface mounted backbox. 

3. The control module NAC may be wired for Style Z or Style Y (Class A/B) with up to 1 
amp of inductive A/V signal, or 2 amps of resistive A/V signal operation, or as a dry 
contact (Form-C) relay. The relay coil shall be magnetically latched to reduce wiring 
connection requirements, and to ensure that 100% of all auxiliary relay or NACs may 
be energized at the same time on the same pair of wires. 

4. Audio/visual power shall be provided by a separate supervised power circuit from the 
main fire alarm control panel or from a supervised, UL listed remote power supply. 

5. The control module shall be suitable for pilot duty applications and rated for a 
minimum of 0.6 amps at 30 VDC. 

 K. Isolator Module 
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1. Isolator modules shall be provided to automatically isolate wire-to-wire short circuits 
on an SLC Class A or Class B branch. The isolator module shall limit the number of 
modules or detectors that may be rendered inoperative by a short circuit fault on the 
SLC loop segment or branch. At least one isolator module shall be provided for each 
floor or protected zone of the building. 

2. If a wire-to-wire short occurs, the isolator module shall automatically open-circuit 
(disconnect) the SLC. When the short circuit condition is corrected, the isolator 
module shall automatically reconnect the isolated section. 

3. The isolator module shall not require any address-setting, and its operations shall be 
totally automatic. It shall not be necessary to replace or reset an isolator module after 
its normal operation. 

4. The isolator module shall mount in a standard 4-inch deep electrical box or in a 
surface mounted backbox. It shall provide a single LED that shall flash to indicate 
that the isolator is operational and shall illuminate steadily to indicate that a short 
circuit condition has been detected and isolated. 

 
2.6 SMOKE DETECTOR APPLICATION AND INSTALLATION:  

A. All addressable spot type and duct smoke detectors shall be the analog type and the 
alarm system shall automatically compensate for detector sensitivity changes due to 
ambient conditions and dust build-up within detectors. This feature must be armed and 
sensitivities set prior to acceptance of the system.  

B. Spot-type detectors must be the plug-in type, with a separate base (not a mounting ring), 
to facilitate their replacement and maintenance. The base shall have integral terminal 
strips for circuit connections, rather than wire pigtails. Each detector or detector base 
shall incorporate an LED to indicate alarm.  

C. Spot-type smoke detectors shall have a built-in locking device to secure the head to the 
base, for tamper resistance. For detectors mounted within 12 feet of the floor, activate 
this lock after the system has been inspected and given final acceptance.  

D. Spot-type smoke detectors shall not be used where ceiling height exceeds 25 feet 
because it makes access for maintenance very difficult and could impede response.  

E. Unless suitably protected against dust, paint, etc., spot type smoke detectors shall not be 
installed until the final construction clean-up has been completed. In the event of 
contamination during construction, the detectors must be replaced.  

 CAUTION: Covers supplied with smoke detector heads do not provide protection against 
heavy construction dust, spray painting, etc., and must not be used for that purpose. 
They are suitable only during final, minor cleanup or touchup operations.  

F. A detector installed where accidental damage or deliberate abuse is expected shall be 
provided with a guard that is listed for use with it and is acceptable to the AHJ.  

G. Identification of individual detectors is required. Assign each a unique number as follows, 
in sequence starting at the FACU: (Addressable Loop # -- Device #). Put on the as-built 
plans, and also permanently mount on each detector's base so that it's readable standing 
on the floor below without having to remove the smoke detector. Exception: For detectors 
with housings (i.e., air duct, projected beam, air sampling, flame), apply the identification 
to a suitable location on exterior of their housing.  

H. All air duct/plenum detectors must have a Remote Alarm Indicator Lamp (RAIL) installed 
in the nearest corridor or public area and identified by an engraved label affixed to the 
wall or ceiling. Duct smoke detectors are permitted to be installed only inside an air duct. 
It is not appropriate to mount them in front of a return air opening. Duct detectors shall 
also be installed in a manner that provides suitable, convenient access for required 
periodic cleaning and calibration (see K.).  

I. Duct detector sampling tubes shall extend the full width of the duct. Those over 36 inches 
long must be provided with far end support for stability.  

J. Each duct detector installation shall have a hinged or latched duct access panel, 12x12 
inches minimum, for sampling tube inspection and cleaning. Indicate airflow direction on 
the duct, adjacent to the detector, using stencil or permanent decal. 
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K.  AUTOMATIC FIRE/SMOKE DETECTORS USED SHALL BE SELECTED IN 

ACCORDANCE WITH TABLE I:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applications Matrix for Selecting Detection Devices, which follows this Section. 
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TABLE I -- APPLICATIONS MATRIX FOR SELECTING DETECTION DEVICES  

SMOKE/FIRE DETECTOR  
APPLICATION  

ACCEPTABLE DETECTOR TYPES*  

 ION PHOTO IR/UV FLAME  HEAT  
Atriums/Auditoriums  
Corridors – Any Occupancy  
Office Areas  
Cable Rooms (PVC)  
Elevator Equipment Rooms  
Furnace/Boiler Rooms  
Gymnasiums  
Laboratories (Chemical)  
Linen Rooms  
Mech/Elect. Equipment Rooms  
Motor-Generator Rooms  
Attics (Non-Conditioned Environment)  
Loading Docks  
Non-Conditioned or Hostile 
Environment  
Storage (Conditioned Environment 
Only)  
Duct Smoke Detectors  

 
 

X  
 

X  
 
 
 
 

X  
 
 
 
 
 
 

X  

B**  
X  
X  
X  
 
 

B**  
 

X  
X  
 
 
 
 
 
 

X  
X  

 
 
 
 
 
 
 

X  
 
 

X  
 

X  
X  

 
 
 
 
 

X  
 

X  
 

X  
X  
X  
X  
X  

 
* Multi-sensor detectors employing the indicated technology are an acceptable alternative to the type of 
detector(s) indicated for any application.  
** "B" symbol indicates projected beam (linear beam) type smoke detector with separate transmitter and 
receiver, or with transceiver and prism reflector. Typical operating range limits are 30-300 feet but best service 
is obtained when the IR light beam spans 50-200 feet. Consider potential obstructions (banners, etc.) and 
accessibility for required maintenance.  
CAUTION: Spaces which may be exposed to vehicle exhaust, fumes from nearby cooking, fireplaces, etc., 
high/low temperatures or high humidity (including dishwashing, laundry) are generally unsuitable for the use of 
smoke detectors. Heat detectors should include the rate-of-rise feature unless installed where temperatures 
may rise more than 15

ο
F/minute from space heaters, vehicle exhaust stacks, furnaces, or following outside 

door closure. Always consider detection device ratings vs. the environment of planned installations! 
 
L.  Emergency Voice/Alarm Communications:  
 
Where specified by the design engineer, or required by Code, the system shall have Emergency Voice/Alarm 
Communications capability.   
 
(1) One-way Emergency Voice-Alarm (PA Type) System  
 
One-way Voice-Alarm (PA) systems are required for Assembly occupancies exceeding 1000 persons and may 
optionally be installed in large, low-rise buildings. The PA feature is useful for non-fire emergencies (e.g., 
bomb threat or severe weather) but is not for general building paging.  
 
For all buildings, the One-way Voice/Alarm (PA) Communications System, where provided, must meet the 
requirements below.  

 
Each floor, stairway, elevator bank, and Assembly space (>300) is to be a separate communication 
zone. Speakers are to be spaced to provide required sound levels. Check audio levels in all areas; 
adjust taps or install additional speakers, if needed. 
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Large Assembly occupancies generally require special system design and procedural considerations 
to assure safe and effective egress of large crowds in a fire (or other) emergency, without causing 
panic.  
 
Normal audio amplifier power shall be a minimum of 120% of the system design load, per channel. For 
purposes of this calculation, use the amplifier's continuous two-tone output rating and the designed 
power setting of each individual speaker. Provide a copy of this calculation with the shop drawing 
submittal to the engineer. Also include on the "calculations" sheet included as part of the as-
built drawings.  
 
At least one backup amplifier shall be provided for each channel, equal in power to the largest primary 
amplifier. For systems with distributed amplifiers, provide one backup at each transponder location. 
Failure of any amplifier shall automatically result in the defective unit being switched off-line and 
replaced with the backup.  
 
The audible emergency evacuation signal shall comply NCSBC and NFPA 72. This does not preclude 
the system from providing additional (non-evacuation) notification signals, including recorded voice 
messages, for specific emergency situations. Visible alarm notification appliances must also be 
provided per NC Code and ADA requirements.  
 
One-way Voice/Alarm digital audio circuits are to be wired with twisted pair copper conductors (AWG 
18 minimum) in jacketed cable, or with fiber optic cable. Analog audio circuits are to be wired with 
AWG 18 minimum twisted pair copper conductors in shielded cable, Belden 8790, West Penn 293, or 
equal. Cable jacket color is to be gray, with red (+) and black (-) conductor insulation. For shielded 
cables, the shield must be continuously connected from the amplifiers to the end of line. Tape the 
shield splice at each speaker and handset, to insulate from ground. Single point ground the shield at 
the amplifier or control unit unless prohibited by system manufacturer. 

 
2.7 BATTERIES: 
 
 A. The batteries shall be sized per Amp-hour calculations provided by the manufacturer with 25% 

additional capacity minimum, 12-volt nominal (two required). 
 B. The battery shall have sufficient capacity to power the fire alarm system for not less than 60 hours plus 

5 minutes of alarm upon a normal AC power failure. 
 C. The batteries are to be completely maintenance free. No liquids are required. Fluid level checks for 

refilling, spills, and leakage shall not be required. 
 D. If necessary to meet standby requirements, external battery and charger systems may be used. 
 
PART 3.0 - EXECUTION 
 
3.1 SYSTEM CONFIGURATION AND INSTALLATION: (Refer to Attached Figure A) 

 
A. Signaling Line Circuits (SLC’s, also called addressable loops) must be NFPA Style 6 (Class A) 

with no "T" taps. Each must have a minimum of 20% spare addresses, for future use. Individual 
loops are permitted to cover more than 1 floor of a building.  

B. To minimize wiring fault impact, isolation modules shall be provided as follows. If ceiling height 
≤10 feet, isolator base type initiating devices are permitted to be used:  

 • In or immediately adjacent to the FACU, at each end of the addressable loop. These two 
isolators must be in the same room as the FACU and within 15 feet.  

 • After each 25 initiating devices and control points on the addressable loop, or a lesser number 
where recommended by the manufacturer. (Check instructions.)  

 • Near the point each addressable circuit extends outside the building walls  
 • For loops covering more than one floor, install isolator at terminal cabinet on each floor (with 

additional isolator[s] on any floor with over 25 addresses).  
 
 Each isolation module must be clearly labeled, readily accessible for convenient inspection (not 

above a lay-in ceiling), and shown on as-built drawings  
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C All fire alarm system wiring shall be in metal conduit, surface metal raceway, or (in finished areas 
only, for improved appearance) surface non-metallic raceway.  

 EXCEPTION #1: PVC conduit is permitted to be used underground, in concrete, and in locations 
subject to severe corrosion (such as coastal facilities or lab/process areas).  

D. All conduits that penetrate outside walls from air-conditioned space must have internal sealing 
(duct-seal), to prevent condensation from infiltrating humid air.  

E. There shall be no splices in the system other than at device terminal blocks, or on terminal blocks 
in cabinets. "Wire nuts" and crimp splices will not be permitted. Permanent wire markers shall be 
used to identify all connections at the FACU and other control equipment, at power supplies, and 
in terminal cabinets (see F.).  

F. In multistory buildings, all circuits leaving the riser on each floor shall feed through a labeled 
terminal block in a hinged enclosure accessible from the floor. Terminal block screws shall have 
pressure wire connectors of the self-lifting or box lug type.  

G. Addressable loop (signaling line) circuits shall be wired with type FPL/FPLR/FPLP fire alarm 
cable, AWG 18 minimum, low capacitance, twisted shielded copper pair. Cable shield drain wires 
are to be connected at each device on the loop to maintain continuity, taped to insulate from 
ground, and terminated at the FACU. Acceptable cables include Atlas 228-18-1-1STP, BSCC 
S1802s19 (same as EEC 7806LC), West Penn D975, D991 (AWG 16), D995 (AWG 14), or equal 
wire having capacitance of 30pf/ft. maximum between conductors. Belden 5320FJ acceptable if 
only FPL rating needed. The cable jacket color shall be red, with red (+) and black (-) conductor 
insulation. (See 6.9 for other wiring.)  

 EXCEPTION #1: Unshielded cable, otherwise equal to the above, is permitted to be used if the 
manufacturer's installation manual requires, or states preference for, unshielded cable.  

 EXCEPTION #2: In underground conduit, use Type TC or PLTC cable (PE insulated) to avoid 
problems from moisture.  

 
H. Addressable interface modules (used to monitor all contact type initiating devices) must be located 

in conditioned space, unless they are tested, listed, and marked for continuous duty across the 
range of temperatures and humidity expected at their installed location. With AHJ approval they 
may be permitted to serve as many as 6 heat detectors, or 3 sprinkler system valve supervisory 
switches, in a single space. A minimum of 1 sprinkler system valve supervisory switch installed at 
sprinkler system hotbox (location indicated on Civil Site Plan) and 2 sprinkler system valve 
supervisory switches in sprinkler room (Flow and Tamper Devices). 

I. Except as required by elsewhere in these specifications 2.8 and G, all other circuits in the system 
shall be wired with AWG 14, stranded copper, THHN/THWN conductors, installed in conduit. Color 
code as shown below throughout the system, without color change in any wire run:  

 • Alarm notification Appliance Circuits (horns/strobes)..….Blue (+)/Black (-)  
 • Separate 24vdc Operating Power (for equipment)……...…Yellow (+)/Brown (-)  
 • Door Control Circuits (magnet power, if from system)…...Orange  
 • Circuits from ZAM's to Monitored Devices (AWG 14/16)...Violet(+)/Grey (-)  
 
J.  Notification Appliance Circuit booster ("ADA") power supplies must be individually monitored by 

the FACU and protected by a smoke detector per NFPA 72. They shall not be located above a 
ceiling, or in non-conditioned space. NOTE: A 24vdc power circuit serving addressable control 
relays must also be monitored for integrity.  

K. All junction boxes shall be painted red prior to pulling the wire. Those installed in finished areas 
are permitted to be painted outside to match the finish color.  

 
3.2 TEST: 
 
The service of a competent, factory-trained engineer or technician authorized by the manufacturer of the fire 
alarm equipment shall be provided to technically supervise and participate during all of the adjustments and 
tests for the system. All testing shall be in accordance with NFPA 72. 
 

1. Before energizing the cables and wires, check for correct connections and test for short circuits, 
ground faults, continuity, and insulation. 

2. Close each sprinkler system flow valve and verify proper supervisory alarm at the FACP. 
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3. Verify activation of all waterflow switches. 
4. Open initiating device circuits and verify that the trouble signal actuates. 
5. Open and short signaling line circuits and verify that the trouble signal actuates. 
6. Open and short notification appliance circuits and verify that trouble signal actuates. 
7. Ground all circuits and verify response of trouble signals. 
8. Check presence and audibility of tone at all alarm notification devices. 
9. Check installation, supervision, and operation of all intelligent smoke detectors using the walk test. 
10. Each of the alarm conditions that the system is required to detect should be introduced on the 

system. Verify the proper receipt and the proper processing of the signal at the FACP and the 
correct activation of the control points. 

11. When the system is equipped with optional features, the manufacturer's manual shall be consulted 
to determine the proper testing procedures. This is intended to address such items as verifying 
controls performed by individually addressed or grouped devices, sensitivity monitoring, 
verification functionality and similar. 

 
3.3 FINAL INSPECTION: 
 

A. At the final inspection, a factory trained representative of the manufacturer of the major equipment 
shall demonstrate that the system functions properly in every respect.  The fire alarm contractor shall 
provide prior notice to the owner, engineer and the AHJ, minimum 10 working days prior to 100% 
operational test.  This operational test shall not be considered the contractor’s start up activity, these 
activities shall be performed prior to the witness testing. 

B. Contractor shall submit a completed copy of the NFPA 72, RECORD OF COMPLETION upon 
successful 100% operational test. 

 
3.4 PROGRAMMING, TESTING, AND CERTIFICATION:  
 

A. All connections to the FACU and the system's programming shall be done only by the manufacturer, 
or by an authorized distributor that stocks a full compliment of spare parts for the system. The 
technicians who do this are required to be trained and individually certified by the manufacturer, for the 
FACU model/series being installed. This training and certification must have occurred within the most 
recent 24 months. Copies of the certifications must be part of the Shop Drawing submittal to the 
engineer, prior to installation. The submittal cannot be approved without this info.  

B.  When programming the system, activate the automatic drift compensation feature for all spot-type 
smoke detectors. Whether or not to activate the alarm verification feature for such detectors is to be 
determined by the design engineer/owner's rep. In the absence of clear guidance on the latter, do not 
activate alarm verification.  

C. Set spot-type smoke detector sensitivities to normal/medium, unless directed otherwise by the design 
engineer/owner's rep.  

D. Print a complete System Status and Programming Report, after the above steps have been done. This 
must include the program settings for each alarm initiating device and the current sensitivity of each 
analog addressable smoke detector. See E.  

E. The manufacturer or authorized distributor must 100% test all site-specific software functions for the 
system and then provide a detailed report or check list showing the system's operational matrix. This 
documentation must be part of the "System Status and Programming Report" described in D.  

F. Upon completion of the installation and its programming, the fire alarm technician shall test every 
alarm initiating device for proper response and indication, and all alarm notification appliances for 
effectiveness. Also, in coordination with the other building system contractors, all other system 
functions shall be verified, including (where applicable) elevator capture and the control of HVAC 
systems, door locks, pressurization fans, fire or smoke doors/dampers/shutters, etc. The engineer 
must be notified in advance of these 100% tests, to permit witnessing them if desired.  

G, The contractor must fill out and submit the following documentation to the owner, through the 
engineer, prior to the AHJ's system acceptance inspection:  

 1. The NFPA 72-1999, Figure 1-6.2.1, "Record of Completion" Form. Use this form (no substitutes) to 
detail the system installation and also to certify that: (a.) It was done per Code, and (b.) The Code-
required 100% test was performed. If a representative of the AHJ, owner, or engineer witnesses the 
tests, they sign the last line of the form to signify that fact only (annotating the form as needed).  
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 2. For buildings with a smoke control or smoke purge system, an HVAC balance report, in the smoke 
control / smoke purge mode.  

 3. The System Status and Programming Report described in D. This must be generated on the day of 
the system acceptance inspection.  

H. After completion of the 100% system test per F and submission of documentation per G, the 
contractor is to request the engineer to set up an inspection. The system must operate for at least two 
days prior to this inspection.  

I. The fire alarm system will be inspected, with portions of it functionally tested. This will normally include 
the use of appropriate means to simulate smoke for testing detectors, as well as functionally testing 
the system interface with building controls, fire extinguishing systems and any off-premises 
supervising station. Operation of any smoke removal system will be checked as instructed by the AHJ. 
This statistical (sampling) inspection is intended to assure that the contractor has properly installed the 
system and performed the 100% operational test as required by NFPA 72. The contractor normally 
provides two-way radios, ladders, and other materials needed for testing the system, included a 
suitable smoke source.  

 
 3.5  DOCUMENTATION, OWNER TRAINING, AND SPARE PARTS:  

A.  In addition to the Shop Drawing submittal described in 1.1, the fire alarm system contractor  shall 
provide the engineer two bound copies of the following technical information, for transmittal to the 
owner: (1) As-Built wiring diagram showing all loop numbers and device addresses, plus terminal 
numbers where they connect to control equipment, (2) Manufacturer's detailed maintenance 
requirements, (3) Technical literature on all control equipment, isolation modules, power supplies, 
alarm/supervisory signal initiating devices, alarm notification appliances, relays, etc, (4) The as-built 
"calculations" sheet referenced in paragraphs 1.14 and 2.5. 

B.  Complete configuration data (site-specific programming) for the system must be stored on electronic 
media and archived by the fire alarm system manufacturer or authorized distributor. A diskette or CD 
copy of this data shall be submitted to the engineer for transmission to the owner on the day the 
system is commissioned. 

C. The manufacturer, or authorized distributor, must maintain software version (VER) records on the 
system installed. The system software shall be upgraded free of any charge if a new VER is released 
during the warranty period. For new VER to correct operating problems, free upgrade shall apply 
during the entire life of the system.  

D. Basic operating instructions shall be framed and permanently mounted at the FACU. (If the owner 
concurs, they may instead be affixed to the inside of the FACU's door.) In addition, the NFPA 72 
"Record of Completion" (see 7.7) must either be kept at/in the FACU, or its location shall be 
permanently indicated there by engraved label. 

E. Provide an engraved label inside the FACU identifying its 120vac power source, as follows: 
Panelboard location, panelboard identification, and branch circuit number.  

F. Instruction shall be provided as required for operating the system. Hands-on demonstrations of the 
operation of all system components and the entire system including program changes and functions 
shall be provided. 

G. Instruction shall include a minimum of 8 hours instruction provided by the factory technical 
representative or the factory trained fire alarm technician of the local contractor.  Contractor shall 
provide a minimum of five working days notice for the owner maintenance personnel. 

H. The contractor and/or the systems manufacturer's representatives shall provide a typewritten 
"Sequence of Operation" and typewritten bound summary, minimum 3 copies shall be provided.  

 
3.6 SPARE AND RENEWAL COMPONENTS 
 
Contractor shall provide the owner with a minimum of spares for all notification and detection devices, 
minimum quantities as follows: 
  
SPARES 
 
Fuses       2 of each size in system 
Manual Fire Pull Station     2% of installed qty 
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Addressable Control Relays    4% of installed qty 
Indoor Horn Strobes     4% of installed qty 
Indoor Strobe only     4% of installed qty 
Addressable Monitor Modules    4% of installed qty 
Isolation Modules / Isolation Bases   4% of installed qty 
Addressable Electronic Heat Detectors   4% of installed qty 
Spot Type Smoke Detectors – Sounder Bases  6% of installed qty 
 
No Spares are required for projected beam, air sampling or duct smoke detectors. 
 
Increase decimal quantities to the next whole number (example 1.1 would equal 2 spare devices) 
 
Contractor shall provide a renewal component price list, prices guaranteed for five years for all devices and 
equipment installed. 
 
3.7 QUALITY ASSURANCE: 
 
Manufacturer's Qualifications:  Firms regularly engaged in manufacture of fire alarm systems of types, sizes, 
and electrical characteristics required, and whose products have been in satisfactory use in similar service for 
not less than 5 years. 
 
Installer's Qualifications:  Firm with at least 5 years of successful installation experience on projects with fire 
alarm systems work similar to that required for this project.  Qualified firm shall be a factory authorized service 
organization and possess a complete spare parts stock. 
 
 
 
 

END OF SECTION 
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PART 1 - GENERAL 
 
 
1.01 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this section. 

B. Coordinate with other divisions of this specification where applicable. 
 
1.02 CODES 
 

A. Work covered by this section of the specifications shall conform to NFPA 70, the National 
Electrical Code. 

 
1.03 STANDARDS FOR MATERIALS 
 

A. All material shall be new and shall be listed by the Underwriters' Laboratories, Inc., as 
conforming to its standards in every case where such a standard has been established for 
the particular type of material in question or except as otherwise specified or implied herein. 

 
1.04 SHOP DRAWINGS 
 

A. Where equipment is specified herein or on drawings, by manufacturers' names or numbers, 
this shall denote minimum requirements as to quality, type, capacity, function, and 
performance.  All equipment must have the Owner's approval before ordering.  Submit with 
your bid not less than one (1) copies of submittal data on all equipment and materials. 

B. Submittals shall include a certification of training for any programmable DSP or network 
equipment listed.  List all materials on BOM that contractor is not a direct representative. 

C. Submittals shall identify any equipment that is being proposed as an alternate from the bid 
package BOM.  Any substitutions for speakers considered to be equal to the model 
specified shall include complete EASE data to prove the sound system performance.  
Apogee/Bogen is the original designer and agrees to back-up any performance issues at 
no additional cost to the owner(s).  Any substitutions must carry the same assurances and 
a manufacturer’s representative must be on site for final commissioning of each sound 
system.  This is to ensure the integrity of the equipment and installation being proposed.  

D. System shall be capable of delivering a constant SPL level 98dB to all seats with less than 
3dB difference at any seat in main auditorium/Gym and overflow area.  Design placement 
and BOM reflects this performance criteria. 

 
1.05 OPERATION AND MAINTENANCE INSTRUCTIONS 
 

A. The Contractor shall furnish not less than two (2) copies of operating and maintenance 
instructions for all equipment he has furnished and installed.  This shall include internal 
schematics and printed wiring diagrams, detailed to allow a technician to install, operate, 
maintain, calibrate and repair the equipment.  These instructions shall be bound in a 3-ring 
binder with all manuals, drawings, and service contact information. 

B. Furnish all labor, materials, tools and equipment necessary for complete installation and 
checkout of the system as outlined in these specifications.  Items such as connectors, 
cables, patch cables; power strips, etc are deemed as misc. hardware and the 
responsibility of the installation contractor. 

 
1.06 SERVICE FACILITIES 

A. Contractor shall make available to the Owner a service department of a duly authorized 
distributor of the equipment manufacturer, which shall stock the manufacturer's standard 
parts.  As part of the bid package – contractor shall submit their estimated distance from 
the job site, service rates (normal, after-hours, holidays) with included travel time fees, etc. 
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1.07 EQUIPMENT MANUFACTURER 

A. The equipment specified is based on equipment as manufactured by Apogee Sound 
International, Bogen Communications, and other Audio/Pro Sound manufacturers. 

B. Apogee Sound and Bogen are the preferred equipment for the district.  Apogee 
Sound/Bogen will have a representative on site for final commissioning of each system.  
Apogee is the design vendor and will back up all speaker performance and design issues.  
Any speaker substitutions considered to be equal must carry the same assurances and 
factory representative/engineer must be present at commissioning.  Any substitutions must 
be accompanied with EASE data to back-up design. 

 
1.08 DESCRIPTION OF SYSTEM 
 

A. The Sound System shall be a Full-Range, L/R design providing at least the following 
features and functions: See riser diagram on plans for more information and equipment 
model numbers. 
1. Install 4ea new 12” 2-way loudspeakers – 2 pair as shown on drawings.  These 

speakers are oriented vertically with adjustable rigging beams and flown from 
ceiling or wall as shown. 

2. Install new equipment racks, power conditioning/sequencing, panels, hardware, 
etc as shown. 

3. Install new 8x8 digital signal processor (DSP) for I/O mapping, presets, and room 
EQ. 

4. Install new digital loudspeaker controller (DLC) to handle all comp/limiting, filtering, 
frequency roll-offs, amplifier monitoring of main speakers. 

5.  Install (1) new dual-channel, diversity wireless mic systems with a single handheld 
and single body-pack transmitter with lapel microphone.  Install with front-mounted 
rack-kit antenna combiner in Amp rack. 

 
1.09 SCOPE 
 

A. Provide all labor and material for the complete installation of the equipment as hereafter 
specified and shown. The necessary primary power requirements are to be provided by 
the owner.  

B. The audio system Contractor shall furnish all low voltage wiring required for a fully 
operational system. The equipment shall be installed by factory authorized installers, 
having not less than (5) five years experience in installing such systems and shall provide 
a list of (3) three projects of similar size and scope completed by him the last (24) twenty-
four months with contact name and phone number. The Audio Equipment Contractor shall 
be an authorized dealer for all equipment provided under this section in order to assure 
availability of parts and service.   

C. All system components shall be completely prewired with all field connections clearly 
labeled. All powered equipment shall be UL listed and shall comply with the National 
Electrical Code and all applicable regulations of serving utilities and governmental bodies 
having jurisdiction.  

D. The entire system shall be fully factory tested prior to shipment and shall be guaranteed 
against defects in material and workmanship for one year from date of acceptance by the 
Owner. Speakers shall be fully warranted for a period of not less than three (3)years after 
acceptance by owner. 

E. No equipment having a shorter warranty shall be considered and equipment purchased 
shall be covered by this warranty. Unspecified length of warranties shall not be acceptable. 

F. Contractor shall provide for replacement of defective materials and repair of faulty 
workmanship at no cost to the owner during the warranty period.  Labor shall carry a one 
(1)year warranty – normal operation hours only. 

G. Manuals – Before final acceptance, the Audio System Contractor shall submit twp bound 
copies of instruction and maintenance manuals for the equipment. Two sets of as-built 
drawings shall be supplied with these manuals.  
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H. After installation of the equipment, the Audio System Contractor shall provide a qualified 
factory trained service technician to check the system and make any adjustments of 
modifications necessary for proper operation. Installed equipment to be operated for the 
approval of the Owner and their representative(s). 

I. Provide left (L) and right (R) audio output to Cafeteria PA sound system. 
 

 
PART 2 – PRODUCTS 
 
 
2.01 GENERAL 
 

A. Contractor shall provide and install all distribution amplifiers, mounts, cables, wiring, low 
voltage cable runs, connections and electrical multi-plugs to make below stated systems 
operational. 

 
2.02 AUDIO MIXER  
 

A. The digital mixing will be accomplished with the DSP processor listed below. DSP shall 
have addressable control knobs on the front that can be assigned to each of the input 
sources.  

 
2.03 DIGITAL AUDIO PROCESSOR 
 

A. The Digital Audio Platform shall be available in 8-in/8-out (8x8) configuration.  Inputs and 
outputs shall be analog, with internal 24-bit A/D & D/A converters operating at a sample 
rate of 48 kHz.  All internal processing shall be digital (DSP).  Electronically balanced inputs 
and outputs shall be provided on plug-in barrier-strip connectors.  Inputs and outputs shall 
be selectable between microphone or line level signals.   

B. Each hardware configuration shall include six 60MHz 32-bit floating point DSPs.  Software 
shall be provided for creating/connecting DSP system components within each hardware 
unit.  Available system components shall include (but not be limited to) various forms of: 
mixers, equalizers, filters, crossovers, dynamics/gain controls, routers, delays, remote 
controls, meters, generators, and diagnostics.  Ethernet communications shall be utilized 
for software control and configuration.  After initial programming, systems may be 
controlled using either TCP/IP or RS-232 and/or RS-485 serial communication by third 
party control systems (such as AMX® and Crestron®), by PC computer, and/or by 
dedicated remote control devices.  Software shall operate on a PC computer, with network 
card installed, running Windows®.  Warranty shall be 2 years.   

 
2.04 AUTOMATIC MIC MIXER 
 

A.   Not used for this project. 
 
 
2.05 DIGITAL LOUDSPEAKER CONTROLLER 
 

A. The Digital Loudspeaker Controller shall have 2    electronically balanced inputs and 4 
electronically balanced outputs that shall be provided on XLR balanced connectors.  The 
controller shall have a built-in database for entire Apogee Sound product line with each 
loudspeaker’s EQ, LP/HP filters, and compression/limiting parameters.  Programming and 
control of system shall be via RS-232 serial port from included software on any local PC 
or via 5-pin RS-422 port for remote network and expansion. 

B. Controller shall have front panel controls for output level, phase reversal, LP filter/flat 
response curves.  These controls shall be able to be locked out via programming and rear 
switch. 

C. Controller shall also monitor power amplifier outputs for damaging over-current and high-



DIVISION 16                                                                                                         ELECTRICAL 
SECTION 16825                                                                                                           MULTI-PURPOSE ROOM SOUND 

 

16825 - 4 

distortion noise that may damage loudspeakers.  The controller shall automatically reduce 
input levels to problem amplifier(s) if harmful over-current condition exists. 

D. Controller shall allow user to also add EQ filter curves, Parametric EQ sets, and delay 
parameters to each of the two inputs.  Controllers shall be expandable via RS-422 network 
loop connections.   

E. Controller shall also allow for live dynamic control of system while in use via included ADAM 
software via any local or remote PC.  

 
2.06 REMOTE VOLUME CONTROL 
 

A. Not used for this project. 
 
2.07 AUDIO POWER AMPLIFIER (MAINS/SUB) 
 

A. The power amplifier shall provide 550 watts/channel into 8 ohms (stereo mode) and 1880 
watts into 8 ohms (bridge mode).   

 
2.08 AUDIO POWER AMPLIFIER (STAGE MONITORS/FRONT FILLS/EXPANSION AREA) 
 

A. Not used in this project. 
 
2.09 WIRELESS MICROPHONE SYSTEM 
 

A. The wireless system shall be UHF with both handheld and body pack transmitters. The 
body pack shall be supplied with a miniature lavaliere microphone or equal from shure or 
Mipro/avlex. 

    
Provide remote antenna for wireless microphones.   

 
2.10 MAIN SPEAKER SYSTEM  
 

A. The main speaker system shall consist of twelve distributed speakers – each with cabinets 
each containing a 12” woofer and 1” Horn arrayed together with adjustable rigging 
hardware.  Frequency response shall be 61Hz to 20KHz +/-3dB with a 60 x 45-degree 
dispersion pattern in the HF range.  Sensitivity shall be 98dB from 100Hz to 4KHz and 103 
dB from 1.4KHz to 5KHz.  Maximum SPL at 1M shall be 120dB continuous, 126dB program 
peak.   

 
2.12 AMPLIFIER EQUIPMENT RACK 
 

A. The wall mounted 24RU space, 19” Amplifier equipment rack shall be constructed of 16 
gauge steel. Rack rails shall be 11 gage steel, tapped full hole spacing (5/8” – 5/8”-1/2”) to 
fit all standard equipment. Blank plates shall be provided for open rack spaces. The rack 
shall be 22” deep. Rack shall be located as shown on plans. 

B. The equipment rack shall include two keys, a plexiglass front door, and a solid top. 
 
2.13 RACKMOUNT POWER STRIP / LIGHT / FAN KITS 
 
A. The single rack space power strip shall provide four (4) duplex 120VAC outlets on rear, single 

courtesy plug on front, 20A rating, 1RU space.   
 
 
2.14 HARDWARE 
 

A. The system provider shall be responsible for providing all necessary “miscellaneous” 
hardware for the installation of this system, including but not limited to the following 
elements: This category will include all patch cords, distribution amplifiers, mounting, rack-
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mounts, consoles, rack shelves, power supplies, surge suppressors, all-thread, hilti-loads, 
nuts, washers, bolts, kindorf, molley bolts, screws, locks, PL coatings, trims, anchors, 
adapters, and all other hardware and elements normally associated with any installation of 
a similar facility space. 

 
2.15 LOW VOLTAGE CABLE 
 

A. Microphone Cable;  Acceptable: West Penn 291 
B. Mains Speaker/Monitor Speaker Cable;  Acceptable: West Penn C207 
C. Distributed Speaker Cable;  Acceptable: West Penn 226 

 
2.16 CD/Cassette PLAYER & MISC HEARING IMPAIRED EQUIPMENT 
 

A. Acceptable: Tascam CD-200BT Blue Tooth built in or equal mounted within equipment 
cabinet.  Quantity: One (1) 

B. Provide hearing impaired transmitter and 35 receivers, 9 of these receives shall be hearing 
aid compatible. This is based on the 2010 ADA Standards for Accessible Design. Provide 
remote antenna for hearing impaired system.  
 

2.17 HEADPHONES 
 

A. Acceptable: Sennheiser HD280 or Equal;  Quantity: One (1) 
 
2.18 HAND-HELD WIRED MICROPHONES 
 

A. Supply unidirectional cardiod microphones with cables and stands.  Acceptable: Bogen 
HDU250 w/Bogen SF4 stand & XLR-25, 25’ cord or Equal.  Quantity: two (2) 

 
2.19 WALL/FLOOR MIC PLATES 
 
 A. Provide 3 pin female XLR stainless steel plates where indicated.  
 
2.20 WIRING & CABLE 
 

A. All conductors shall be copper.  Wire sizes and types shall be as indicated on the drawings 
and the specifications.  

B. All wiring and cable installed exposed in a space, concealed inside a wall, concealed above 
a non-accessible ceiling or underground outside the building shall be installed in conduit. 
All line voltage wiring shall be installed in conduit. All low voltage wiring installed above 
accessible ceilings may be installed without conduit by using cable with a jacket which is 
U.L. listed for installation in a return air plenum when required. 

C. Plenum rated cable (when required) shall be tied to the building structure at approximately 
6'-0" on center using cable ties and J Hooks. 

D. Plenum cable (when required) shall pass through walls by drilling a hole in the wall and 
installing a conduit with bushings on each end through the wall.  Install the cable through 
the conduit and in fire or smoke rated walls seal the opening around the conduit and the 
hole in the conduit with a U.L. listed fire rated sealant. 

 
 
 
 
PART 3 – EXECUTION 
 
3.01 ACCURACY OF DATA 
 

A. It shall be the sole responsibility of the Contractor to verify all dimensions, take his own 
field measurements, and install all work to suit conditions encountered on the job site. 
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B. The drawings are generally diagrammatic and except where dimensions are indicated are 
not intended to show exact locations of outlets, conduits, etc. All work shall be installed as 
nearly as possible in the locations indicated, with minor adjustments as required to avoid 
interferences with structure or the work of other trades. 

C. Prior to beginning work, the Contractor shall carefully examine all construction drawings 
and the job site and report to the Owner any discrepancies or interferences are noted, the 
Contractor shall promptly report them to the Owner. Failure to report such discrepancies 
or interferences shall result in the correction of the same at the Contractor’s expense. All 
work under this specification, which either interferes with the architectural or any other work 
or deviates from the drawings and specifications without prior approval of the Owner, shall 
be altered by the Contractor at his expense. These alterations shall clear such 
interferences or shall comply with the drawings and specifications as directed by the 
Owner. 

D. All equipment must be installed in a neat and orderly fashion by competent workmen 
according to the manufacturer’s instructions at the location shown on the drawing. 

 
3.02 MECHANICAL 
 

A. Except for portable equipment, all other equipment must be permanently installed. 
Fastenings and supports must provide a safety factor of at least three times that required 
for safe support. Precautions must be taken to prevent electrostatic and electromagnetic 
hum and radio frequency interference. All electronic must be easily accessible and have 
adequate ventilation. 

 
3.03 CONNECTIONS 
 

A. All wiring connections must be made with rosin core solder or mechanical connectors as 
specified. Terminations on all cable must be dressed properly with shrink tubing. All low 
voltage control level connections to terminal blocks are to be made with crimp on spade 
lugs. All crimp on connectors must be fastened with the proper tool as specified by the 
manufacturer. Improper crimping will be cause for rejection. All “drain” wires on microphone 
and line level terminations are to be properly dressed. 

 
3.04 LABELS 
 

A. All wiring is to be numbered on both ends with “EZ Code” type markers. Wire numbers are 
to be secured with transparent shrink tubing. Wire numbers are to follow a logical sequence 
and are to be listed on the proper document.   

 
3.05 DOCUMENTATION 
 

A. Upon final completion of the system a documentation package is to be turned over to the 
Owner and include the following items. 

B. System signal flow diagram showing all components, interconnections, connector types 
and wire numbers of the following systems: 
1. Audio System one line and detail interconnect. 
2. Interconnect and wiring designation list. Wire numbers are to appear on the 

drawings. Pictorial drawings with dimensions showing equipment placement within 
the facility, and any special panels or mounting hardware as necessary. Instruction 
manuals as supplied by the manufacturer for all electronics. 

3.06 WARRANTY 
 

A. All equipment is to be new and warranted free of faulty workmanship and damage. 
B. All electronics are to be warranted free of defects for a period of one year from day of final 

acceptance. 
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C. Replacement of defective materials and repair of faulty workmanship is to take place within 
24 hours of notification by Owner- guaranteed at no cost to the Owner during the warranty 
period. 

D. Paint and exterior finishes, fuses, lamps and owner supplied equipment are excluded from 
the above warranties except when damaged or failure results from defective materials or 
workmanship covered by warranty. 

E. The minimum warranty provisions specified above shall not diminish the terms of individual 
equipment manufacturer’s warranties. 

 
3.07 TRAINING 
 

A. The Audio Equipment Contractor shall provide a minimum of 4 hours instruction and 
training on the operation and maintenance of the systems. 

 
3.08 CLEAN-UP 
 

A. During construction periodically remove discarded containers and refuse from the job site. 
At the completion of the job, the system components and equipment areas are to be left 
clean and neat and all refuse removed from the site. 

 
 
End of section  
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DATE: _______________________________________ TIME:   ____________________________________ 
 
SERVICE ORGANIZATION PROPERTY NAME (USER) 
 
NAME:   ________________________________________ NAME:   ____________________________________ 
 
ADDRESS:   _____________________________________ ADDRESS:   _________________________________ 
 
REPRESENTATIVE:   _____________________________ OWNER CONTACT:   _________________________ 
 
LICENSE NO.:   __________________________________ TELEPHONE:   _______________________________ 
 
TELEPHONE:   __________________________________ 
 
MONITORING ENTITY APPROVING AGENCY 
 
CONTACT:   ____________________________________ CONTACT:   _________________________________ 
 
TELEPHONE:   __________________________________ TELEPHONE:   _______________________________ 
 
MONITORING ACCOUNT REF. NO.:   ______________ 
 
 TYPE TRANSMISSION SERVICE 
 [    ]-McCulloh [    ]-Weekly 
 [    ]-Multiplex [    ]-Monthly 
 [    ]-Digital [    ]-Quarterly 
 [    ]-Reverse Priority [    ]-Semiannually 
 [    ]-RF [    ]-Annually 
 [    ]-Other (Specify) [    ]-Other (Specify) 
 ________________________________________   ______________________________________ 
 
 ________________________________________   ______________________________________ 
 
PANEL MANUFACTURER:   _______________________  MODEL NO.:   ______________________________ 
 
CIRCUIT STYLES:   _______________________________ 
 
NO. OF CIRCUITS:   _______________________________ 
 
SOFTWARE REV:   ________________________________ 
 
LAST DATE SYSTEM HAD ANY SERVICE PERFORMED:   _____________________________________________________ 
 
LAST DATE THAT ANY SOFTWARE OR CONFIGURATION WAS REVISED:   ______________________________________ 
 

ALARM-INITIATING DEVICES AND CIRCUIT INFORMATION 
 
QTY OF                               CIRCUIT STYLE         
 
__________  ___________  MANUAL STATIONS  
__________  ___________  ION DETECTORS 
__________  ___________  PHOTO DETECTORS 
__________  ___________  DUCT DETECTORS 
__________  ___________  HEAT DETECTORS 
__________  ___________  WATERFLOW SWITCHES 
__________  ___________  SUPERVISORY SWITCHES 
__________  ___________  OTHER (SPECIFY):  ______________________________________ 
      ________________________________________________________ 
 

Figure 7-5.2.2 Inspection and Testing Form.               1996 Edition 
 

REPRINTED WITHOUT PERMISSION FROM NATIONAL FIRE ALARM CODE NFPA 72 
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NATIONAL FIRE ALARM CODE  ALARM NOTIFICATION APPLIANCES AND CIRCUIT INFORMATION 
 
QTY OF     CIRCUIT STYLE 
___________ ____________  BELLS 
___________ ____________  HORNS 
___________ ____________  CHIMES 
___________ ____________  STROBES 
___________ ____________  SPEAKERS 
___________ ____________  OTHER (SPECIFY):   _____________________________________ 
 
NO. OF ALARM INDICATING CIRCUITS:   ____________________ 
 
ARE CIRCUITS SUPERVISED?                [    ]  YES      [    ]  NO 
 

SUPERVISORY SIGNAL-INITIATING DEVICES AND CIRCUIT INFORMATION 
 
QTY OF                      CIRCUIT STYLE 
 
___________ ____________  BUILDING TEMP. 
___________ ____________  SITE WATER TEMP. 
___________ ____________  SITE WATER LEVEL 
___________ ____________  FIRE PUMP POWER 
___________ ____________  FIRE PUMP RUNNING 
___________ ____________  FIRE PUMP AUTO POSITION 
___________ ____________  FIRE PUMP OR PUMP CONTROLLER TROUBLE 
___________ ____________  FIRE PUMP RUNNING 
___________ ____________  GENERATOR IN AUTO POSITION 
___________ ____________  GENERATOR OR CONTROLLER TROUBLE 
___________ ____________  SWITCH TRANSFER 
___________ ____________  GENERATOR ENGINE RUNNING 
___________ ____________  OTHER: _____________________________________________ 
 
SIGNALING LINE CIRCUITS 
 
Quantity and style (See NFPA 72, Table 3-6) of signaling line circuits connected to system: 
 
Quantity   ______________________________________ Style(s)   ______________________________________ 
 
SYSTEM POWER SUPPLIES 
 

a.  Primary (Main): Nominal Voltage   ________________________,   Amps   __________________________ 
Overcurrent Protection: Type   ___________________________,   Amps ___________________________ 

           Location (Panel Number): ________________________________________________________________ 
           Disconnecting Means Location:  ___________________________________________________________ 
 b.        Secondary (Standby): 
            ___________________________   Storage Battery:    Amp-Hr.  Rating   ___________________________ 
            Calculated capacity to operate system, in hours:   __________24   __________60   ___________ 
            __________________________    Engine-driven generator dedicated to fire alarm system: 
             Location of fuel storage:   ________________________________________________________________ 
 
TYPE BATTERY 
[     ]   Dry Cell 
[     ]   Nickel-Cadmium 
[     ]   Sealed Lead-Acid 
[     ]   Lead-Acid 
[     ]   Other (Specify) 
     c. Emergencyorstandbysystemusedasabackuptoprimarypowersupply,insteadofusingasecondarypowersupply: 
_________________   Emergency system described in NFPA 70, Article 700 
_________________   Legally required standby described in NFPA 70, Article 701 
_________________   Optional standby system described in NFPA 70, Article 702, which also meets the performance 
requirements of Article 700 or 70 1. 
 

Figure 7-5.2.2 Inspection and Testing Form (continued).  
REPRINTED WITHOUT PERMISSION FROM NATIONAL FIRE ALARM CODE NFPA 72 
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PRIOR TO ANY TESTING 

 
NOTIFICATIONS ARE MADE:       YES  NO    WHO    TIME 
 
MONITORING ENTITY    [    ] [    ]  __________ _________ 
BUILDING OCCUPANTS    [    ] [    ]  __________ _________ 
BUILDING MANAGEMENT    [    ] [    ]  __________ _________ 
OTHER (SPECIFY)     [    ] [    ]  __________ _________ 
AHJ (NOTIFIED) OF ANY IMPAIRMENTS  [    ] [    ]  __________ _________ 
 

SYSTEM TESTS AND INSPECTIONS 
 
TYPE  VISUAL FUNCTIONAL COMMENTS 
 
 CONTROL PANEL [    ] [    ] _____________ 
 INTERFACE EQ.  [    ] [    ] _____________ 
 LAMPS/LEDS [    ] [    ] _____________ 
 FUSES [    ] [    ] _____________ 
 PRIMARY POWER SUPPLY [    ] [    ] _____________ 
 TROUBLE SIGNALS [    ] [    ] _____________ 
 DISCONNECT SWITCHES [    ] [    ] _____________ 
 GROUND FAULT MONITORING [    ] [    ] _____________ 
 
 SECONDARY POWER 
 
 TYPE VISUAL FUNCTIONAL COMMENTS 
 
 BATTERY CONDITION [    ] [    ] _____________ 
 LOAD VOLTAGE [    ] [    ] _____________ 
 DISCHARGE TEST [    ] [    ] _____________ 
 CHARGER TEST [    ] [    ] _____________ 
 SPECIFIC GRAVITY [    ] [    ] _____________ 
 
 TRANSIENT SUPPRESSORS [    ] [    ] _____________ 
 
 REMOTE ANNUNCIATORS [    ] [    ] _____________ 
 
 NOTIFICATION APPLIANCES 
 AUDIBLE [    ] [    ] _____________ 
 VISUAL [    ] [    ] _____________ 
 SPEAKERS [    ] [    ] _____________ 
 VOICE CLARITY [    ] [    ] _____________ 
 

INITIATING AND SUPERVISORY DEVICE TESTS AND INSPECTIONS 
 
    FUNC- 
  DEVICE VISUAL TIONAL FACTORY MEAS. 
 LOC. & S/N TYPE  CHECK TEST SETTING SETTING PASS FAIL 
 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
__________ _________ [    ] [    ] _________ _________ [    ] [    ] 
 
COMMENTS:   ________________________________________________________________________________________ 
 
______________________________________________________________________________________________________ 
 
______________________________________________________________________________________________________ 

 
 

Figure 7-5.2.2 Inspection and Testing Form (continued). 1996 Edition 
 

REPRINTED WITHOUT PERMISSION FROM NATIONAL FIRE ALARM CODE NFPA 72 
 

NATIONAL FIRE ALARM CODE 
 
EMERGENCY COMMUNICATIONS EQUIPMENT VISUAL FUNCTIONAL COMMENTS 
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PHONE SET [    ] [    ] _____________ 
PHONE JACKS [    ] [    ] _____________ 
OFF-HOOK INDICATOR [    ] [    ] _____________ 
AMPLIFIER(S)  [    ] [    ] _____________ 
TONE GENERATOR(S)  [    ] [    ] _____________ 
CALL-IN SIGNAL [    ] [    ] _____________ 
SYSTEM PERFORMANCE [    ] [    ] _____________ 
  
   DEVICE  SIMULATED 
  VISUAL OPERATION OPERATION 
INTERFACE EQUIPMENT 
   (SPECIFY)   [    ] [    ] _____________ 
   (SPECIFY)  [    ] [    ] _____________ 
   (SPECIFY)  [    ] [    ] _____________ 
 
SPECIAL HAZARD SYSTEMS 
   (SPECIFY)  [    ] [    ] _____________ 
   (SPECIFY)  [    ] [    ] _____________ 
   (SPECIFY)  [    ] [    ] _____________ 
 
SPECIAL PROCEDURES:   _____________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
 
COMMENTS:   _______________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
 
ON/OFF PREMISES MONITORING: YES NO TIME COMMENTS 
 
ALARM SIGNAL [    ] [    ] __________ __________ 
ALARM RESTORAL [    ] [    ] __________ __________ 
TROUBLE SIGNAL [    ] [    ] __________ __________ 
SUPERVISORY SIGNAL [    ] [    ] __________ __________ 
SUPERVISORY RESTORAL [    ] [    ] __________ __________ 
 
NOTIFICATIONS THAT TESTING IS 
COMPLETE:  YES NO WHO TIME 
 
BUILDING MANAGEMENT [    ] [    ] __________ __________ 
MONITORING AGENCY [    ] [    ] __________ __________ 
BUILDING OCCUPANTS [    ] [    ] __________ __________ 
OTHER (SPECIFY)  [    ] [    ] __________ __________ 
 
THE FOLLOWING DID NOT OPERATE CORRECTLY:    ___________________________________________________________ 
_________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________ 
 
SYSTEM RESTORED TO NORMAL OPERATION:     DATE  ____________   TIME   ____________ 
 
THIS TESTING WAS PERFORMED IN ACCORDANCE WITH APPLICABLE NFPA STANDARDS. 
 
NAME OF INSPECTOR:   _______________________________________  DATE:   ____________  TIME:   ______________ 
SIGNATURE:   _______________________________________ 
NAME OF OWNER OR REPRESENTATIVE:   __________________________________________ 
DATE:   ________________  TIME:   ______________________ 
SIGNATURE:   ________________________________________ 
 

Figure 7-5.2.2 Inspection and Testing Form (continued). 
REPRINTED WITHOUT PERMISSION FROM NATIONAL FIRE ALARM CODE NFPA 72 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-
1 Specification sections, apply to work of this section. 
 
TESTS: 
 
Test all lines to be concealed before burying or covering with new construction.  Tests shall include proper 
operation of lights, receptacles, and equipment, continuity of conduit system, insulation leakage and 
impedance, elimination of motor single phasing or reverse rotation, and ground system resistance (see also 
Section 16400). 
 
After the interior wiring system is completed and at such time as the Engineer or Owner’s representative  may 
direct, the Contractor shall conduct an operating test for approval. The tests shall be performed in the 
presence of the authorized representative of the Engineer and the installation shall be demonstrated to operate 
in accordance with the requirements of this specification.  The Contractor shall furnish all instruments and 
personnel required for the test. The Contractor shall have sufficient tools and personnel available at the 
scheduled inspection to remove panel fronts, device plates, etc., as required for proper inspection of 
equipment, devices and wiring installation as may be required by the inspectors.  Any material or workmanship 
which does not meet with approval of the engineer shall be promptly removed, repaired or replaced as 
directed, at no additional cost to the Owner.  
 
ADJUSTMENTS: 
 
Adjustments shall include load balancing of all electrical phases, at devices and panels.  Balance all 
panelboards so that the maximum deviation of any one phase from the average of all the phases shall not 
exceed 10%.  Re-type circuit directory as required after completion of adjustment. 
 
CLEANING AND PAINTING: 
 
Prior to final inspection, all equipment having factory finishes shall be thoroughly cleaned inside and outside.  
All damaged surfaces shall be replaced or refinished by Contractor, with paint same as original manufacturer.  
Engineer shall determine whether the damaged surface is to be replaced or painted.  
 
RECORD DRAWINGS: 
 
The Contractor shall maintain accurate records of all deviations in work as actually installed from work 
indicated on the drawings.  On completion of the project, two (2) complete sets of marked-up prints shall be 
delivered to the Architect. 
 
OPERATING AND MAINTENANCE INSTRUCTIONS:  
 
Unless directed otherwise elsewhere in these specifications, the Contractor shall compile and bind three sets 
of all manufacturer's instructions and descriptive literature on all items of equipment furnished under this work. 
These instructions shall be delivered to the Engineer for approval prior to final inspection.  Instructions shall 
include operating and testing procedures and a parts list of all equipment. The Contractor shall instruct the 
Owner's personnel in the proper operation of all systems and equipment. The front and side of the binder shall 
be titled "Electrical Operating and Maintenance Instructions", with name of the job and firm name of the 
Contractor.  
 
WARRANTY: 
 
The Contractor shall submit upon completion of the work, a warranty  by his acceptance of the contract, that all 
work installed will be free from defects in  workmanship and materials.  If, during the period of one year, or as 
otherwise specified from date of Certificate of Completion and acceptance of work, any such defects in 
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workmanship, materials, or performance appear, the Contractor shall, without cost to the Owner, remedy such 
defects within reasonable time to be specified in notice from the Architect.  In default, the Owner may have 
such work done and charge cost to Contractor. 
 

END OF SECTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF SPECIFICATIONS 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
SCOPE OF WORK: 
 
The scope of work consists of the furnishing and installing all materials, labor, and equipment required to 
expand the existing Low Voltage systems (Voice, Data, Intercom, Security and Door Access Control) as 
indicated on the plans for complete and operational systems including other interconnected Low Voltage 
systems.  The Technology Contractor (hereafter referred to as "the Contractor", or Technology Contractor) 
shall verify and certify that the complete systems are functioning properly (Existing & New).  The Contractor 
shall note that all items of equipment are specified in the singular; however, the Contractor shall provide 
and install the number of items of equipment as indicated on the drawings and as required for complete 
systems. 
 
DESCRIPTION OF WORK: 
 
It is the purpose of this specification to require the furnishing of the highest quality materials, equipment, 
and workmanship available, to fulfill the requirements of the work specified herein.   
 
The Technology Systems encompass the Voice/Data Network Systems, and Intercom, as specified in 
Division 17. The Technology System shall provide a Telephone, Classroom and Administrative 
Intercommunication System, and a  collapsed Fiber Optic Backbone / Cat 6 Ethernet Data Infrastructure. 
Other Low Voltage systems shall provide HVAC scheduling via a master time clock, door access control, 
security camera recording and notification of break-ins according to the counties standard operational 
procedure. Work Included as follows: 

 
1. The work consists of providing all labor, equipment, supplies, materials, and incidentals and 

in performing all operations necessary for the "TURNKEY", fully operational, and completed 
work for the expansion of the existing Low Voltage Technology Systems, in complete 
accordance with the Contract Documents.  

  
2. The base bid work shall include, but not be limited to, the following: 

 
a.    Provide all appropriate licenses for system as installed 
   
b.   Coordination of the Raceway installation with Division 16 Contractor 
  
c.   Furnish and Install specified data network system  

 
d.   Furnish and Install all PA and Sound Intercommunication Systems.  

Dedicated local sound systems for Auditoriums, Gymnasiums and 
Cafeterias shall be provided in the electrical contract, i.e. not provided 
within the scope of this contract, but requires coordination and inter-
connection by this contractor. 

 
e.   Furnish and Install the VOIP Telephone equipment compatible with 

the existing System. 
 

f.   Provide product demonstrations as required by the Owner 
 

g.   Coordination with General Contractor, and all other trades. 
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3.   Technology systems shall be bid as part of the Construction Contract. 
 

It is the intention of the Specifications and Drawings to call for finished work, tested and 
ready for operation. 
  
Any apparatus, appliance, material, or work not shown on the drawings but mentioned in 
the specifications, or vice versa, or any incidental accessories necessary to make the work 
complete and perfect in all respects and ready for operation, even if not particularly 
specified, shall be furnished, delivered, and installed by the Contractor without additional 
expenses to the Owner. 

 
  Minor details not usually shown or specified, but necessary for proper installation and 

operation, shall be included in the Contractor's estimate, the same as if herein specified or 
shown. 

 
  With submission of bid, the Contractor shall give written notice to the Architect of any 

materials or apparatus believed inadequate or unsuitable, in violation of laws, ordinances, 
rules, and any necessary items or work omitted.  In the absence of such written notice, it is 
mutually agreed that the Contractor has included the cost of all required items in his 
proposal, and that he will be responsible for the approved satisfactory functioning of the 
entire system without extra compensation. 

 
  NOTICE TO BIDDERS, INSTRUCTIONS TO BIDDERS, SUPPLEMENTARY 

INSTRUCTIONS, GENERAL CONDITIONS, SUPPLEMENTARY GENERAL 
CONDITIONS, SPECIAL CONDITIONS, GENERAL REQUIREMENTS bound in the front 
of this document are included as a part of the specifications for this work. 

 
DRAWINGS AND SPECIFICATIONS: 
 
These drawings are diagrammatic and indicate the general arrangement of fixtures, equipment, and work 
included in the contract.  Consult the architectural, structural, mechanical and electrical drawings and details 
for exact location and dimensions of fixtures and equipment; where same are not definitely located, obtain 
this information from the Architect.   
 
The Contractor shall follow drawings in laying out 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 Architect shall be notified before proceeding with 
installation.  If directed by the Architect, the Contractor shall, without extra charge, make reasonable 
modifications in the layout as needed to prevent conflict with work of other trades or for proper execution 
of the work. 
 
The plans and these specifications are intended to describe, imply and convey the materials and equipment 
as well as necessary labor, required for the installation as outlined in the paragraph entitled "Scope of 
Work".  Any omissions from either the drawings or these specifications are unintentional, and it shall be the 
responsibility of the Contractor to call to the attention of the Architect or Engineer any pertinent omissions 
before submission of a bid.  The drawings which accompany these specifications are not intended to show 
in complete detail every fitting which may be required; however wherever reasonable implied by the nature 
of the work, any such material or equipment shall be installed by this Contractor as a part of his contract 
price.  In no case will any extra charge be allowed unless authorized in writing by the Architect or Engineer. 
 
The Contractor shall arrange with the General Contractor for required concrete and masonry chases, 
openings, and sub-bases so as not to delay progress of work.  Work shall be installed sufficiently in advance 
of other construction to conceal piping and to permit work to be built in where required. 
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WORK SCHEDULE: 
 
The contractor will coordinate all work schedules with the General Contractor and/or Architect.  All efforts 
should be made to complete cable installation prior to the installation of ceiling tile in new or modernized 
construction. 
 
DEFINITIONS: 
 
It shall be understood and agreed by all parties that where the following terms appear, these definitions 
apply: 
 
"Furnish" - to supply or give. 
 
"Install" - to place, establish or fix in position. 
 
"Provide" - to furnish and install as defined above. 
 
The term “Bidder” refers to those parties who are submitting proposals for the work set forth in this 
document.   
 
The term “Contractor” refers to the successful Bidder and to any work or issues after the award of the 
contract. 
 
The term “Owner” refers to the County School System or its designated agent. 
 
GENERAL REFERENCE STANDARDS: 
 
The installation shall comply with the following: 

 
1. NFPA No. 70 National Electric Code (NEC), Current Edition  
  
2. State and Local Building codes 

 
3. National Fire Protection Agency (NFPA) No. 101, Life Safety Code, latest Edition 

 
4. UL Directory of Electrical Construction Materials 

 
5. BICSI Telecommunications Distribution Methods Manual 

 
The Contractor shall include in the work, without extra cost to the Owner, any labor, materials, services, 
apparatus, drawings (in addition to contract drawing and documents) in order to comply with all applicable 
laws, ordinances, rules, and regulations, whether or not shown on drawings and / or specified. 
 
All work and materials under this section shall be in strict compliance with more stringent requirements of 
the North Carolina State Building Code, including the National Electrical Code, NFPA 101-Life Safety Code, 
Regulations of the State Fire Marshall, and requirements of the local utility company 
 
STANDARD FOR MATERIALS: 
 
Furnish and install new and undamaged materials conforming to the applicable standard.  The standards 
and publications of the following entities and applicable to materials specified herein: 

 
1. Underwriters Laboratories (UL) 
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2. Institute of Electrical and Electronic Engineers (IEEE) 
 

3. American National Standards Institute (ANSI) 
 

4. Electronics Industry Association (EIA) 
 

5. Telecommunications Industry Association 
 

6. Electronics Testing Laboratories, Inc. (ETL) 
 

Materials referenced by manufacturer or trade name are cited for the quality of the product and are not 
intended to limit competitive bidding.  The Bidder, at their option, may bid to furnish alternative products 
which are equal in quality and performance; however, all substitutions must be approved by Owner. 
 
PERMITS AND FEES: 
 
The Contractor shall give all necessary notices, including electric and telephone utilities, obtain all permits, 
and pay all government taxes, fees, and other costs, including utility connections or extensions in 
connection with his work file all necessary plans, prepare all documents, and obtain all necessary approvals 
of all governmental departments having jurisdiction at each phase of construction as required;  obtain all 
required certificates of inspection for his work and deliver same to the Architect before request for 
acceptance and final payment for the work. 
 
FCC APPROVAL: 
 
The system shall be approved for direct interconnection to the telephone utility under Part 68 of FCC rules 
and regulations.  Systems which are not FCC approved or utilized and intermediary device for connection 
shall not be considered.  Provide the FCC registration number of the system being proposed as a part of 
the proposal process. 
 
PRODUCT DEMONSTRATIONS: 
 
The Systems Contractor may be required to provide product demonstrations and interviews with the Owner 
and his representatives or may be required to provide side-by-side demonstrations with other vendors.  
These demonstrations may be required before a contract is issued.  Contractors should be prepared to 
demonstrate each feature called for in these specifications. 
 
VERIFICATION OF DIMENSIONS, DETAILS, EXISTING FIELD CONDITIONS:  
 
The Contractor shall visit the premises prior to bidding, and thoroughly familiarize himself with all details of 
the work, working conditions, verify dimensions in the field, provide advice of any discrepancy, and submit 
shop drawings of any changes he proposes to make in quadruplicate for approval before starting any work.  
The Contractor shall install all equipment in a manner to avoid building interference.  
 
Telephone Equipment 
New equipment shall be fully compatible with the existing system. Field verify exact phone required for the 
existing system. 
 
For reference: Current school system standard materials for telephone systems includes YEALINK IP Office 
Communication Manager Latest Release, with telephony components, data networking capability and WAN 
interface as shall meet minimum functionality required within these specifications.  Telephones and 
handsets shall be YEALINK products for VoIP applications. 
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Telephones for classrooms, resource and teacher workrooms shall be YEALINK T40P, quantity as 
required for one device at each location. 
 
Telephones in the Administration Area, Media center (including ancillary rooms) shall be YEALINK 
T42G, quantity as required for one device at each outlet location. 
 
Provide one YEALINK T48G telephone at Administration Area secretary location.   
 

SHOP DRAWINGS: 
 
The Contractor shall submit a minimum of five (5) copies of the shop drawings to the Architect for approval 
within thirty (30) days after the award of the general contract.  If such a schedule cannot be met, the 
Contractor may request in writing for an extension of time to the Architect.  If the Contractor does not submit 
shop drawings in the prescribed time, the Architect has the right to select the equipment. 
 
Provide manufacturer’s cuts of items to be provided under this Contract.  The shop drawings shall be neatly 
bound in five (5) sets and submitted to the Architect with a letter of transmittal.  The letter of transmittal shall 
list each item submitted along with the manufacturer's name. 
 
Approval rendered on shop drawings shall not be considered as a guarantee of measurements or building 
conditions.  Where drawings are approved, said approval does not mean that drawings have been checked 
in detail; said approval does not in any way relieve the Contractor from his responsibility or necessity of 
furnishing material or performing work as required by the contract drawings and specifications. 
 
SUBMITTALS: 

 
A. Prior to proceeding with the work:   

 
A complete schedule of ALL equipment and materials which are to be furnished for the work.  
Accompanying the schedule shall be manufacturer's specification or cut sheets for all major 
components listed in Section 2 of this specification. 

 
1. Shop Drawings  

 
Complete shop drawings for all systems and assemblies specified.  Each drawing 
shall have a descriptive title and all subparts of each drawing shall be labeled.  All 
drawings shall have the name and location of the project and the Systems 
Contractor's name in the title block. 

 
2. Cabinets & Assemblies 
 

Complete scaled drawings of all equipment racks, consoles, special assemblies, etc.  
Each drawing shall show all equipment with its manufacturer and model number. 

 
3. Device Locations 

 
Complete scaled drawings detailing installation locations of all equipment, such as 
control panels, plug panels, TV monitors, equipment racks, speakers, etc.  All 
conduits with cable quantities and types and all terminal block locations shall also be 
indicated. 

 
4. Device Layout 

 
Complete scaled drawings detailing all device plates, plug panels, input/output 
panels, rack panels and custom components to be fabricated by the Systems 
Contractor.  Include the same details for all custom or non-standard components to 
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be furnished by vendor/manufacturers of the Systems Contractor.  Show all 
connectors, mounting devices and engraving detail on these drawings. 

 
5. System Diagrams 

 
Detailed one line drawing of all systems.  Each system drawing shall detail the field 
wiring and wiring within racks, consoles, control panels, devices, speaker assemblies, 
etc.  Each drawing shall show proposed (and eventually as built) circuit numbers for 
all cables and terminal connections.  Provide typical wiring termination details for all 
devices. 

 
6. Systems Contractor job references and key employee résumé's, as described in the 

Contractor Qualifications portion of this specification. 
 

C. Prior to proceeding with respective portions of work:   
 

1. Diagrams for AC power low voltage control switching. 
 

2. Details and descriptions of any other aspect of the system which differ from the 
contract drawings due to field conditions or due to the equipment furnished. 

 
3. Submittal as otherwise noted on the drawings and/or as noted herein. 

 
7. Approved shop drawings and instruction brochures, including schematic diagrams for 

all electronic devices, shall be present at the job site during the period set aside for 
system testing. 

 
8.  Notebooks of operating instructions shall be prepared for the Owner as described 

herein. 
 

C. At Project Completion 
 

1. As-Builts 
 

Prior to final acceptance, provide three complete sets of drawings showing all cable 
numbers and construction details in accordance with the actual system installation.  
Revise all shop drawings to represent actual installation conditions. 

 
2. Operation and Maintenance Manuals 

 
Prior to final acceptance, provide three complete sets of operation and maintenance 
manuals for the system.  The operation manual shall contain all instruction necessary 
for the proper operation of the installed system and manufacturers’ instruction.  The 
maintenance manual shall contain all "proof of performance" information as required 
in Section 3, and all manufacturers’ maintenance information, and copies of non-
priority computer programs and system set up disks documenting all programmable 
features for the installed system. 

 
COORDINATION WITH OTHER TRADES: 
 
Coordinate all work required under this section with work of other sections of the specifications to 
avoid interference. Bidders are cautioned to check their equipment against space available as 
indicated on drawings, and shall make sure that proposed equipment can be accommodated.  If 
interferences occur, Contractor shall bring them to attention in writing, prior to signing of contract; 
or, Contractor shall at his own expense provide proper materials, equipment, and labor to correct 
any damage due to defects in his work caused by such interference.  
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INSPECTION AND CERTIFICATES: 
 
On the completion of the entire installation, the approval of the Architect and Owner shall be 
secured, covering the installation throughout.  The Contractor shall obtain and pay for Certificate of 
Approval from the public authorities having jurisdiction.  A final inspection certificate shall be 
submitted to the Architect prior to final payment.  Any and all costs incurred for fees shall be paid 
by the Contractor. 

 
EQUIVALENTS: 
 
When material or equipment is mentioned by name, it shall form the basis of the Contract.  When 
approved by the Architect in writing, other material and equipment may be used in place of those 
specified, but written application for such substitutions shall be made to the Architect as described 
in the Bidding Documents.  The difference in cost of substitute material or equipment shall be given 
when making such request.  Approval of substitute is, of course, contingent on same meeting 
specified requirements and being of such design and dimensions as to comply with space 
requirements. 
 
CUTTING AND PATCHING: 
 
On new work, the Contractor shall furnish sketches to the General Contractor showing the locations 
and sizes of all openings and chases, and furnish and locate all sleeves and inserts required for the 
installation of the electrical work before the walls, floors, and roof are built.  This Contractor shall be 
responsible for the cost of cutting and patching where any items were not installed or where 
incorrectly sized or located.  See also Section 01050. 
 
CONTRACTOR QUALIFICATIONS: 

 
A. The Contractor or subcontractor must be a "Systems Contractor" who has been regularly 

engaged in the furnishing and installation of commercial and industrial sound, 
communications and telephone systems and related visual communications systems for a 
period of at least the last three (3) years and who can show evidence of successfully 
completing, with its present staff, at least three (3) projects of similar size and scope, including 
the media management addition.  The Systems Contractor, not its employees, must meet 
these contractor qualifications.  With the proposal, provide a list of jobs completed, with 
contact, address and phone number and the A/V Contractors key employees assigned to the 
project, listing their responsibilities during the job and the length of time with the contractor in 
this capacity. 

  
B. The Systems Contractor shall demonstrate to the satisfaction of the Architect/Engineer and 

Owner that it has: 
 

1. Adequate plant and equipment to pursue the work properly and expeditiously. 
  
2. Adequate staff and technical experience to implement the work. 

 
3. Suitable financial status to meet the obligations of the work.   

 
4. Technically capable and factory trained service personnel at a contractor owned 

service facility within one hundred (100) mile radius of the project site, to provide 
routine and emergency service for all products used in the project. 

 
C. The Systems Contractor shall: 
 

1. Be bondable. 
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2. Hold a SPLV Contractors License which is accepted as valid within the State of North 

Carolina. 
 

3. Be a factory authorized sales and installation contractor for all products used in the 
project. 

 
D. Any contractor, who intends to submit a proposal for this work and does not meet the 

requirements of the "Contractor Qualifications" paragraph(s) above, shall employ the services 
of a "Systems Contractor" who does meet the requirements and who shall furnish the 
equipment, shop fabricate the equipment racks and subassemblies, make all connections to 
equipment and equipment racks, make all connections to remote controls and connection 
panels, and continuously supervise the installation and connections of all system cable and 
equipment. 

  
E. A subcontractor so employed as the "Systems Contractor" shall be acceptable to the Owner 

and/or Architect/Engineer and shall be identified in the proposal. 
 
QUALITY ASSURANCE: 
 

A. General 
 

All equipment and materials required for installation under these specifications shall be new 
(less than 1 year from date of manufacture) and without blemish or defect. 

 
B. Specific 

 
Each major component of equipment shall have the manufacturer's name, address and 
model number on a plate securely affixed in a conspicuous place.  NEMA code ratings, UL 
label, or other data which is die-stamped into the surface of the equipment shall be easily 
visible. 

 
C. Substitutions 

 
It is not the intent of these specifications to limit or restrict submission of proposals for 
products by other manufacturers but to set a baseline of operational performance and 
functions which all bidders must meet.   

 
D. Where a specific piece of equipment has been discontinued and/or replaced by a new 

model, submission of the new model does not guarantee acceptance.  Substitute items shall 
require evaluation by the Architect/Engineer, Owner or their agent prior to acceptance.  

  
E. If substitute equipment is allowed even by an approved submittal, the ITS Contractor shall 

be completely responsible for its use and for its ability to fulfill all intended functions in the 
completed systems.  The ITS Contractor shall replace all such equipment with equipment 
listed by type and model number in the specifications if there is any evidence of equipment 
instability and/or incompatibility. 

 
END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
PART 1:   GENERAL 
 
SCOPE OF WORK: 
 
This document provides specifications to be used in conjunction with network design drawings for 
installation of voice and for data cabling. 
 
The Contractor shall furnish all labor, materials, tools, equipment and services necessary for and 
reasonably incidental to installation of specific voice and/or data cabling communications infrastructure.  
Work shall include all components for both a voice and data horizontal and riser cable plant from workstation 
outlet termination to wire closet termination.  All cable plant components such as outlets, wiring termination 
blocks, racks, patch cables, etc. will be furnished, installed, and tested by the Contractor.  The data cable 
plant is designed to support a 10BASE-T Ethernet building-wide computer network. 
 
The scope of work includes all activities needed to complete the wiring and network intelligent hub 
equipment installation described in this document and the drawings. 
 
The successful Bidder must be able to provide and install new equipment and materials in compliance with 
specifications contained in this document and accompanying drawings. 
 
Any and all overtime (outside school hours) required to complete the scope of work within the time frame 
specified shall be included in the quoted price. 
 
VOICE AND DATA WIRING PLAN OVERVIEW: 
 
The cable system is based on the universal cabling concept.  The same cables are installed to all 
workstations; connectors, adapters, and interconnections determine how the cable operates. 
 
COMMUNICATIONS DESIGN (CD) DRAWINGS: 
 
Communications design drawings show voice and data CNO locations, cable routing, and wire closet layout 
plans.   
 
WORK SCHEDULE: 
 
The contractor will coordinate all work schedules with the Architect.  All efforts should be made to complete 
cable installation prior to the installation of ceiling tile in new or modernized construction. 
 
DEFINITIONS: 
 
The term “Bidder” refers to those parties who are submitting proposals for the work set forth in this 
document.  The term “Contractor” refers to the successful Bidder and to any work or issues after the award 
of the contract. 
 
The term “Owner” refers to Johnston County Schools or its designated agent. 
 
A “Communications Network Outlet” (CNO) refers to a specific communications termination location with 
“two or four port communications outlet”, defined as a CNO containing 2 or 4 modular RJ-45 connectors.  
A “jack” refers to one modular RJ-45 connector.  A “faceplate” is a decorative cover that covers the non-
exposed portion of the jack and attaches to the outlet. 
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“Riser” refers to the cables interconnecting the wiring closets.  Please note that in most cases the riser 
cables are physically a horizontal run between two closets. 
 
GENERAL REFERENCE STANDARDS: 
 
The installation shall comply with the following: 
 

1. National Fire Protection Agency (NFPA) No.70, National Electric Code 2005 Edition 
  
2. State and Local Building codes 

 
3. National Fire Protection Agency (NFPA) No. 101, Life Safety Code, latest edition. 

 
4. TIA/EIA 568A, 568B, 606, 607, and 569. 

 
5. Building Industry Consulting Service International’s (BICSI) Telecommunications 

Distribution Methods Manual 
 

CONSTRUCTION SUBMITTAL: 
 
In addition to the submittal requirements the Contractor must submit the following information during the 
execution of the project. 
 

1. The Contractor must submit the manufacturer and model number for all suggested 
substitution of equipment specified for the work contracted.  The Owner will determine 
acceptability of equipment at their discretion.  For all cable components, the Owner will 
require certification that components are accepted for use in Ethernet networks, and meet 
all specifications as described. 

  
2. The Contractor shall submit for approval samples of voice and data cable, fiber optic cable, 

patch cords, patch panels, faceplates and jacks.  Samples shall be returned upon written 
request.  The Owner shall have the right to reject any submittal that does not meet the 
specifications and intended use as determined by Owner. 

 
3. Shop drawings showing proposed cable routing, closet detail design, rack design, MDF 

layout and other design details not specified in this document or Communications Design 
Drawings shall be submitted prior to any portion of the system installation for approval and 
to demonstrate compliance with the contract documents.  Any departures from the original 
contract drawings should show details of such departures including changes in related 
portions of the project and the reasons therefore submitted with the shop drawings.  Shop 
drawings must be provided showing details of all proposed fire-stops for four-hour rated 
walls.  Approved departures recommended by the Contractor shall be made at no 
additional cost to Owner or shall result in a net decrease in cost.  The Owner shall obtain 
the benefits of any cost reductions of these changes. 

 
4. The Contractor shall submit as-built design drawings of the installed cable system including 

any design which deviates from the specified routes.  As-built drawings shall include cable 
routes and labeling, patch panel configurations, IDC and MDF configurations, cross 
connect details, riser system, patch cord details, riser system, fiber storage and labeling.  
As-builts shall be turned over to the Owner as each section of the work is completed. 
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PART 2:  PRODUCTS 
 
STANDARD FOR MATERIALS: 
 
Furnish and install new and undamaged materials conforming to the applicable standard.  The standards 
and publications of the following entities and applicable to materials specified herein: 
 

1. Underwriters Laboratories (UL) 
  
2. Institute of Electrical and Electronic Engineers (IEEE) 

 
3. American National Standards Institute (ANSI) 

 
4. Electronics Industry Association (EIA) 

 
5. Telecommunications Industry Association 

 
6. Electronics Testing Laboratories, Inc. (ETL) 

 
Materials referenced by manufacturer or trade name are cited for the quality of the product and are not 
intended to limit competitive bidding.  The Bidder, at their option, may bid to furnish alternative products 
which are equal in quality and performance; however, all substitutions must be approved by Owner. 
 
COMPLETENESS OF WORK: 
 
Furnish all material, labor, transportation, tools, equipment, and supervision to install and leave ready for 
operation a complete communications systems in accordance with these specifications and the 
accompanying drawings. 
 
All offsets, bends fittings pull boxes, stems and supports for the complete installation are not indicated on 
the drawings.  It shall be the Contractor’s responsibility to furnish and install all offsets, bends, devices, 
raceway supports, and equipment for the complete installation. 
 
COMPATIBILITY: 
 
Provide products which are compatible with other components in the system with which they must interface.  
Components and materials must fit into the confines indicated, leaving adequate clearance as required by 
applicable codes or manufacturer for adjustment, repair, or replacement. 
 
PRODUCT HANDLING, DELIVERY, STORAGE: 
 
Ensure that all system equipment, devices, and materials arrive at the designated installation site in good 
condition, intact in factory package or crate.  Any equipment found to be damaged will be removed from 
the project site and will be replaced by the Contractor at their expense. 
 
Storage - Store all equipment, devices and materials in their factory containers or package until ready for 
use.  Storage facilities will be a clean, dry and indoor space which provides protection against the weather.  
Avoid damage by condensation by providing temporary heating when required.  Large reels of cable may 
be stored outdoors provided there is adequate protection from physical damage and the cable ends are 
properly sealed to prevent moisture ingress.  The Bidder shall state how much space and floor loading will 
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be required.  Storage related costs will be the responsibility of the Contractor.  Coordinate all storage of 
materials and equipment with the Owner. 
 
Handling - Handle all equipment, devices and materials carefully to prevent breakage, denting or scoring 
of the finish or cable jackets.  Damaged materials will be removed from the project site, and replaced by 
the Contractor at no additional cost.  No sheath cuts will be accepted.  All cables must be installed with 
sheath intact to the point of termination.   
 
The Bidders should note that strict limitations will be enforced on the size, weight, and arrangement of cable 
reels.  In general, cable reels must be of a size to be lifted on the interior freight elevator, and fit through 
standard doorways. 
 
Any cable found to be damaged or defective shall be replaced by the Contractor at no additional cost to the 
Owner. 
 
DATA CABLE INFRASTRUCTURE 
 

A. Twisted Pair Cable 
 

1. Cabling shall be unshielded twisted pair (UTP) and shall meet EIA/TIA-568, TSB-36 
requirements for Category 6 (Security/Cameras, HVAC Controllers,  and Data Ports 
Drops) or 6A (Wireless Access Points and Access Door Control).  Provide UTP cable 
with the following minimum features: 

 
a.   Conductors:  24 AWG solid copper, 4 pair; 
  
b.   Impedance:  100 ohms +/-15% at 1-100 MHz; 

 
c.    DC Resistance:  25.7 ohms/1000 ft. maximum at 20 degrees C; 

 
d.   Mutual Capacitance:  14 pF/ft. nominal at 1 MHz; 

 
e.   Attenuation (per 1000 ft): 

 
i.  2.0 dB at 1 MHz 
  
ii.  3.7 dB at 4 MHz 

 
iii.  6.0 dB at 10 MHz 

 
iv.  7.6 dB at 16 MHz 

 
v.  8.6 dB at 20 MHz 

 
vi.  10.8 dB at 31.25 MHz 

 
vii.  15.5 dB at 62.5 MHz 

 
viii.  20.2 dB at 100 MHz 

 
ix.  25.8 dB at 155 MHz 

 
x.  29.8 dB at 200 MHz 

 
xi.  41.2 dB at 300 MHz 
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2. Provide one "homerun" UTP cable between each data outlet port indicated on the 

drawings and the appropriate Local 100/1000 Switch   
  
3. UTP cables shall not exceed 90 meters from the data outlet port to the appropriate 

100/1000 Switch 
 
4. Provide cable sheathing in the following color schemes: 

• Security/Cameras:  White 
• Data:    Blue 
• Patch Cables:   Blue 
• HVAC Controls:   Blue 
• Wireless Access:  Blue 
• Door Access Control:  Yellow 
• Intercom:   White 
• Fire Alarm:   Red 

 
 

D. Data Station Outlet 
 

1. Face plates 
a.   Provide Data Station Outlets as indicated on the drawings with the 

following features: 
 

i. Single gang, flush mountable, stainless steel construction; 
  
ii. Shall accept data, telephone, fiber optic, VGA, video, audio and blank insert 

modules; 
 

iii. Shall have the capability to accept up to six individual ports; 
 

iv. Inserts shall snap in and out from the front of the Data Station Outlet; 
 

v. Face plates shall be supplied with pressure-sensitive icon labels; 
 

2. Inserts 
 

a.  Provide Data Port inserts with the following features: 
 

i.  RJ-45 type rated for Category 6; 
 
ii.  RJ-45 insert shall be configured to EIA-568A wiring standards; 

 
iii.  Attenuation through the RJ-45 port at 10/16 MHz shall be less than .015/.025 

dB; 
 

iv.  Provide 110 style IDC terminations for all eight conductors of a UTP cable; 
 

b.  Provide Telephone Inserts with the following features: 
 

i. RJ-45 type rated for Category 6; 
  

ii. RJ-45 insert shall be configured to USOC wiring standards; 
 

iii. Provide 110 style IDC terminations for all six conductors of a UTP phone 
cable; 
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c. Provide HDMI & Data inserts with the following features for all new wall mounted 

Monitors and Teacher’s Stations: 
 

i. Premanufactured HDMI Cables and inserts 
 

ii. RJ-45 type rated for Category 6; 
 

E. Patch Panels 
 

1. Patch panels shall be provided at each new IDF room and/or switch closet for termination 
of all UTP and fiber optic cables.  Patch panels shall have the following features: 

  
2. Patch Panels for Twisted Pair Cable 

 
a.   Panels shall be mountable in EIA standard 19" equipment racks; 
  
b.   Panels shall be rated for Category 6; 

 
c.   Each panel shall provide a minimum of twenty-four RJ-45 ports in one rack 

space position (1RU); 
 

d.   Each RJ-45 port shall provide 110 style IDC terminations for all eight 
conductors of a UTP cable;  

 
e.   RJ-45 ports shall be configured to EIA-568A wiring standards; 

 
f.   Attenuation through the RJ-45 port at 10/16 MHz shall be .015/.025 dB; 

 
g.   Clearly label each patch point with the location of its associated data 

station port; 
 

3. Provide a three (3) foot minimum Category 6 UTP patch cable for every Category 6 UTP 
data cable terminated at a patch panel.  Install and neatly route patch cables between the 
panel and the hubs utilizing cable management hardware. 

  
4. Patch Panels for Fiber Optic Cables 

 
a.   Panels shall be mountable in EIA standard 19" equipment racks; 
  
b.   Panels shall provide LC-LC feed-through connectors for termination of 

fiber optic strands; 
 

c.   Panels shall provide space for at least three feet of fiber optic cable 
management and excess patch cable storage in a pull-out drawer; 

 
d.   Clearly label each fiber optic LC patch position with the location of its 

origin;  
 
 

5. Provide a 6-foot minimum fiber optic patch cable for every fiber hub or switch port in the 
system.  Install and neatly route patch cables between the panel and the hubs, utilizing 
cable management hardware. 

  
6. Provide horizontal cable management panels between each patch panel for twisted pair 

cable and vertical cable management panels for each data rack.  Cable management 
panels shall be Panduit “WMP” series, or equal. 
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7. Provide fiber management systems at the panel location. 

 
F. Ethernet Switch at IDF and Switch Closet Locations or as shown on the drawings 
 
G. Certification 

 
1. Systems Contractor shall be factory certified to install the Data Cabling Infrastructure.  The 

Systems Contractor shall include a copy of the factory-provided certification with his 
submittal. 

 
 
PART 3:  EXECUTION 
 
Perform the work in accordance with acknowledged industry and professional standards and practices, and 
the procedures specified herein. Furnish and install all materials, devices, components, and equipment for 
complete operational systems. 
 
DEVIATIONS: 
 
No deviations shall be made from the drawings or specifications.  Should the Contractor find at any time 
during the progress of the work, that in his judgement, conditions made desirable or necessary 
modifications in the requirements covering any particular item or items, he shall report such matters 
promptly to the Owner for his decision and instruction. 
 
COOPERATION BETWEEN TRADES: 
 
The communications work shall be scheduled with the work of the other trades to avoid delays, 
interference’s, and unnecessary work.  All other shall be notified of all openings, hangers, excavations and 
similar operations for the installation of communications work, is required under this section of the 
specifications.  The work of other trades shall not be cut without first consulting the Owner.  Any work 
damaged by those employed in the work under this section of the specifications shall be repaired using the 
services of the trade whose work is damaged at the cost of the Contractor. 
 
The plans are diagrammatic and reference must be made to structural, architectural, and mechanical 
systems plans and actual construction.  Work under this section shall be coordinated with the different 
trades so that interference between electrical raceways, piping, equipment, architectural, and structural 
work shall be avoided. 
 
Clearly and completely specify all items and actions relative to the installation and operation of the proposed 
equipment that the Owner will be responsible for providing and/or performing. 
 
The successful Bidder’s project manager will be responsible for providing written reports to the Owner at 
the beginning of every week for the previous week’s work completed and upcoming week’s planned. 
Maintain a competent supervisor and supporting technical personnel, acceptable to the Owner, during the 
entire installation.  Change of the supervisor during the project shall not be acceptable without prior written 
approval from the Architects. 
 
Dress and permanently label all cables at each end using approved labels to ensure a neat and organized 
appearance. 
 
Do not splice or otherwise re-terminate any cable used to fulfill the requirements of this specification other 
than at the main distribution frame and intermediate distribution cabinet.  Riser cables will not contain 
intermediate splices. 
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Coordinate work with any other communications parties on-site, specifically, the LAN Installer, the 
Computer Installer, and other third parties whose work may affect or be affected by the cabling systems 
described herein. 
 
During installation, the Owner and/or Representative will conduct periodic inspections to verify that cable 
installation is proceeding according to the guidelines specified in this document.  Any deficiencies found 
will be properly corrected within 7 days by the Contractor at no additional expense to the Owner upon 
notification to the Contractor. 
 
It is expected that overtime may be required to complete the scope of work in the time allocated.  The 
Bidder must include all overtime in his price and no additional overtime charges will be accepted. 
 
The Contractor will control litter at all times by keeping it in containers.  The Contractor will remove any 
installation debris from the site and dispose of it properly.  Major trash will be removed daily by the 
Contractor.  All other cable-related trash, dust, dirt, etc. must be removed and cleaned prior to acceptance. 
 
INSTALLATION OF SYSTEMS 
 

A. Device Locations 
 

Locate all apparatus requiring adjustments, cleaning, or similar attention so that is shall be 
accessible for such attention.  Equipment racks shall be positioned to permit full access for 
operation and service. 

 
B. Blank and Custom Panels 
 

Finish of blank panels and custom assembly panels shall match adjacent equipment panels as 
closely as possible. 

 
C. Markings 
 

Switches, connectors, jacks, receptacles, outlets, cables, and cable terminations shall be logically 
and permanently marked.  Custom panel nomenclature shall be engraved, etched, or screened.  
Marking for these items are purposely detailed on the drawings to ensure consistency and clarity.  
Verify any changes in working type size, and/or placement with the Architect prior to marking. 

 
D. Environment 
 

The equipment specified herein is designed to operate in environments of normal humidity, dust, 
and temperature.  Protect equipment and related wiring during installation where extreme 
environmental conditions can occur. 

 
ELECTRICAL POWER 
 

A. Grounding 
 

Review and coordinate electrical power system installation including grounding, with the Division 
16 Prime Contractor to ensure proper operation of the system.  All racks, cable tray, and devices 
shall be grounded to a common isolated grounding bar within each MDF or IDF.  Additional 
grounding shall be installed where directed by the engineer. 

 
B. Verification 
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Verify that all AC power circuits designated for the system are properly wired, phased, and 
grounded.  Report in writing any discrepancies found to the Division 16 Prime Contractor for 
corrective action. 

 
C. Equipment Rack 

 
Provide distribution of electrical power within the equipment racks with a minimum of two spare AC 
receptacles per branch circuit, used in the racks. ICS Contractor shall provide and install 20 amp 
power strips in each data rack.  

 
CLEANING 
 
Clean all junction and terminal box interiors thoroughly before installing plates, panels, or covers. 
 
WIRING METHODS & PRACTICES 
 

A. Identification 
 

All wires shall be permanently identified at each wire by marking with "E-Z" tape marker or equivalent. 
 
B. Terminal Blocks 
 
All terminal block connections shall be readily accessible.  Not more than two wires connected to one 
terminal.  Spare terminal blocks, equivalent to 10% of those in actual use shall be provided. 
 
C. Splicing 
 
Splicing of cables shall not be permitted between terminations of specified equipment. 
 
D. Pulling Cable 
 
Do not pull wire or cable through any box fitting or enclosure where change of raceway alignment or 
direction occurs.  Do not bend conductors to less than recommended radius.  Employ temporary guides, 
sheaves, rollers, and other necessary items to protect cables from excess tension, abrasion, or 
damaging bending during installation. All cables not in conduit shall be installed in J Hooks spaced no 
more that 5 feet apart.  
 
E. Cable Tie 
 
Form in a neat and orderly manner all conductors in enclosures and boxes, wire ways, and wiring 
troughs, providing circuit and conductor identification.  Tie as required using T & B "Ty-Raps" (or 
equivalent) of appropriate size and type.  Limit Spacing between ties to six inches and provide circuit 
and conductor identification at least once in each enclosure. 

 
F. Service Loops 
 
Provide ample service loops at each termination so that plates, panels, and equipment can be 
demounted for service and inspection. 
 
G. Wiring Harnesses 

 
1. All wires and cables used in assembling custom panels and equipment racks shall be 

formed into harnesses which are tied and supported in accordance with accepted 
Engineering practice. 
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2. Harnessed cables shall be formed in either a vertical or horizontal relationship to 
equipment, controls, components, or terminations. 

 
EQUIPMENT RACKS 
 

A. General 
 
The equipment racks shall be considered as custom assemblies and shall be assembled, wired, and 
tested in a properly equipped shop maintained by the ICS Contractor.  Assembly of racks on site shall 
not be permitted. Racks shall be B-Line model SB556084X-UFB or equal. Data closets shall have 18” 
B Line (or equal) ladder tray installed to allow for adequate cable support and service loops.   
 
B. Equipment Location 
 
Placement of equipment in equipment racks, as indicated in the drawings, is for maximum operator 
convenience.  Verify any changes in placement prior to assembly.  All system components and related 
wiring shall be located with due regard for the minimization of induced electromagnetic and 
electrostatics noise, for the minimization of wiring length, for proper ventilation, and to provide 
reasonable safety and convenience for the operator. 

 
C. Rack Installation 
 
Racks shall be installed plumb and square without twists in the frames or variations in level between 
adjacent racks. 
 
D. Identification 
 
All terminal blocks, rack mounted equipment, and active slots of card frame systems shall be clearly 
and logically labeled as to their function, circuit, or system as appropriate.  Labeling on manufactured 
equipment shall be engraved plastic laminate with white lettering on black or dark background that is 
similar to panel finish. 

 
 
PART 4:  TESTING  
 
TOOLS AND TEST EQUIPMENT 
 
The Contractor will provide all tools and test equipment required for installation and testing work.  Test 
equipment will be maintained in accurate calibration and will display the dates of the last calibration and 
next scheduled calibration. The Contractor is responsible for performing all tests indicated at the end of 
each section. 
 
For all tests, the Owner or its agent must be present at the beginning of testing and at such times as the 
owner deems appropriate.  The Contractor shall be responsible for correcting any problems or defects 
discovered during testing. 
 
DATA CABLE INFRASTRUCTURE TESTING 
 

1. Test each twisted pair cable segment (example: from the data station port through the 
patch bay and patch cable to the hub port connector).  Publish a log of each test to verify 
that the cable segment passes the EIA/TIA-568 TEB-36 requirements for Category 6 
compliance.  Bind the test log in a booklet and turn the booklet over to the Owner.  The test 
shall include: 

 
a.   Connector/cable continuity – line mapping; 
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b.   Cable segment length; 

 
c.   Dual near end cross talk (NEXT); 

 
d.   Attenuation at 100 MHz; 

 
e.   Attenuation per foot; 

 
f.   Pass/fail results of each portion of the test above. 

 
2. Test each fiber optic strand segment (From each classroom or switch location to the MDF).  

Publish a log of each test to verify that the fiber segment passes the EIA/TIA-526-14 optical 
power loss measurement test.  Bind the test log in a booklet and turn the booklet over to 
the Owner. 

 
PART 5:  COMMISSIONING 
 
SYSTEM DOCUMENTATION 
 

A. Prior to final acceptance tests, submit to the Architect, three copies of an operating and 
maintenance manual for the system that has been installed.  These manuals shall be used during 
the final acceptance testing of the system.  Each manual shall contain the following information: 

 
1. As-built drawings  
  
2. Operations and maintenance manuals  

 
3. Single line diagrams showing levels throughout system and impedances 

 
ACCEPTANCE TESTING 
 

A. The Acceptance Testing shall be performed by the Owner or the Owner's agent.  Coordinate this 
period so that free access, work lighting, and electrical power is available on the site. 

 
B. Be prepared to verify the performance of any portion of the ICS system by demonstration, listening 

and viewing tests, and instrumented measurements. 
 
C. Make additional mechanical and electrical adjustments within the scope of work and which are 

deemed necessary by the Owner as a result of the acceptance test. 
 

See also Specification Section 17900: Tests, Commissioning and Project Closeout 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
The general provisions of the Contract, including General and Supplementary Conditions, and General 
Requirements, and Division 1 specifications that apply to the work specified in this Section. 
 
Part 1 – General 

 
1.01 Additional Information 

A. Refer to Section 17000 for the following Part 1 General information 

1) References 
2) Definitions / Terms / Acronyms 
3) Submittal Requirements 
4) Contractor Qualifications 
5) Manufacturer Qualifications 
6) Bidder Qualifications 
7) Testing Agency Qualifications 
8) Delivery, Storage and Protection 
9) Project conditions 
10) Sequencing 
11) Continuity of Service and Scheduling of Work 
12) Protection of Work and Property 
13) Warranty 

1.02 Products Installed but not Supplied Under This Section 
 

A. All conduit and EMT required for Communications cabling pathway in/out of cross connect 
closets and in/out of wall cavities at the work area.  EMT or Conduit for pathways shall have 
no more than two 90 degree bends and no continuous section over 100’. 

 
B. All core holes and poke through devices in the floor for the installation of Communications 

cabling. 
 
C. All core holes and EMT sleeves between floors for the routing of Communications cabling.  

 
D. Basket tray or ladder racking to support main pathway cable bundles.  

1.03 Backbone Cabling Description 

A. Backbone cabling system will 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 telecommunication rooms or at the 
entrance facilities.   

1.04 Work Included 

A. The Work of this Section shall consist of the labor, materials and equipment required for 
furnishing and installing backbone cabling as part of a complete and operating 
telecommunications cabling system. 
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B. All items specified or included in this section shall be furnished and installed by 
Telecommunications Contractor, wired and connected by Telecommunications Contractor 
and tested by Telecommunications Contractor, unless noted otherwise. “Contractor” as used 
herein shall mean Telecommunications Contractor or Telecommunications Contractor’s sub-
contractor. 

C. All items specified or included in this section shall be furnished and installed by Electrical 
Contractor, wired and connected by Electrical Contractor and tested by Electrical Contractor, 
unless noted otherwise. “Contractor” as used herein shall mean Electrical Contractor or 
Electrical Contractor’s sub-contractor. 

1.05 Submittals 

A. Submit for approval in accordance with specified submittal procedures: 

1.06 Coordination 

A. Contractor shall furnish and install the following: 

1) Inside plant copper backbone cables. 
2) Inside plant fiber optic backbone cables.  

B. Electrical Contractor shall furnish and install the following: 

1) Telecommunications raceways within the building as indicated and/or as required by 
the electrician’s sub-contractor for a complete and operational system. 

 
Part 2 – Products 
 

2.01 Multi-Pair Cables 

A. Multi-pair Cable Specification - Inside Plant, Category 3 25 pair 

1) Acceptable Manufacturer: Berk-Tek. 

2) Cable type: Category 3 CMR. 

3) Jacket Material: Fire retardant PVC 

4) Jacket Markings: Manufacturer’s identification, pair count, wire AWG, sequential 
footage. 

5) Conductors:  Solid 24 AWG copper 

6) Twisted pairs with varying lay lengths, quantity of pairs as indicated on Drawings. 

7) Conductor Insulation:  
a. CMR – Polyolefin or PVC. 

8) Industry standard color coding, with colored binder tape for cables greater than 25-pair. 

9) Jacket Color: Varies per application. See schedule on IC001. 

10) Electrical Characteristics: Meets TIA/EIA-568B requirements for Category 6 rated 
cables. 
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11) CMR rated cable suitable for installation in vertical risers and conduit. 
 
2.02 Fiber Optic Cables 

A. Acceptable Manufacturer: Berk-Tek. 

B. Cable may be either of composite cable construction or standard cable containing single-
mode fibers in one cable sheath and multi-mode fibers in a separate cable sheath.  
Contractor shall verify raceway fill requirements when furnishing and installing two standard 
cable constructions to meet composite strand count requirements.  

C. Fiber Cable Specification – Contractor shall provide 6 strand OS2 Single-Mode Fiber with LC 
Connectors, fiber distribution enclosures, termination panels and jumpers as required.  

D. Fiber Optic Cable Shipping Requirements  

1) All cabled optical fibers > 1000 meters in length shall be 100% attenuation tested. The 
attenuation of each fiber shall be provided with each cable reel.  

2) Top and bottom ends of the cable shall be available for testing on the shipping reel. 

3) Both ends of the cable shall be sealed to prevent the ingress of moisture.  

4) Each reel shall have a weather resistant reel tag attached identifying the reel and 
cable. The reel tag shall include the following information:  

a. Cable Number, Gross Weight  
b. Shipped Cable Length in Meters, Job Order Number  
c. Manufacturer Product Number, Customer Order Number  
d. Date Cable was Tested, Manufacturer Order Number  
e. Cable Length Markings, Item Number  

i Top (inside end of cable)  
ii Bottom (outside end of cable)  

5) Each cable shall be accompanied by a cable data sheet. The cable data sheet shall 
include the following information:  

a. Manufacturer Cable Number, Manufacturer Product Number  
b. Manufacturer Factory Order Number, Customer Name  
c. Customer Purchase Order Number  
d. Mark for Information Ordered Length  
e. Maximum Billable Length, Actual Shipped Length  
f. Measured Attenuation of Each Fiber Bandwidth Specification (for lengths > 

1000 m)  

E. The cable manufacturer shall provide installation procedures and technical support 
concerning the items contained in this specification.  

 
Part 3 – Execution 
 

3.01 Installation 

A. General 

1) All cable and associated hardware shall be placed so as to make efficient use of 
available space in coordination with other uses. All cable and associated hardware 
shall be placed so as to not impair the use or capacity of other building systems, 
equipment, or hardware placed by others (or existing).  
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2) Where cable is placed in ceiling areas or other non-exposed areas, cables shall be 
installed in cable trays or in non-continuous cable support system.  Non-continuous 
cable supports shall be placed at random intervals no greater than 60 inches. Cables in 
non-continuous support systems shall be bundled using hook and loop type fasteners. 
Cable sag between supports shall not exceed 3 inches. Attaching wire to pipes or other 
mechanical items is not permitted. Cables shall not be bundled or tied in conduits, and 
in cable trays above ceilings. 

3) All cabling shall be routed so as to avoid interference with any other service or system, 
operation, or maintenance purposes such as access boxes, network equipment, 
mechanical equipment access doors and covers, switches or electrical panels, and 
lighting fixtures. Avoid crossing areas horizontally just above or below any riser conduit. 
Lay and dress cables to allow other cables to enter the conduit/riser at a later time by 
maintaining a working distance from these openings. All cable shall be installed to allow 
for simple installation and removal of cables in the future. 

4) Unless noted, all interior wiring shall be installed in raceways, Raceway Specification 
No. 2, one inch minimum. Wiring above accessible ceilings may be installed in cable 
tray and exposed on "J" hooks.   

5) All cables not in raceways shall be riser or plenum rated.  

6) All cables running outside the building shall be rated for outside plant installation.  

7) Backbone cables shall be grouped separately from horizontal distribution cables. Cable 
for other systems shall be grouped separately from cables for telephone and data. 

8) All inside cable shall be installed neatly above accessible ceilings using cable tray and 
"J" hooks supported from building structure. Do not attach to pipes, conduits, ducts, 
etc. Do not allow cable to rest on pipes, conduits, ducts, ceiling tiles, etc. Do not attach 
to wires used for supporting suspended ceilings. Do not use tie wires or bridle rings.  

9) All wires shall be marked at all junction boxes, pull boxes, cabinets, boxes and 
terminations. Each cable run between terminating locations shall be one continuous 
cable (no splices or connections). 

10) The Contractor shall install cable in such a manner as to prevent stretching, kinking or 
sharp bends. Cable damaged during installation or not passing required testing shall be 
removed and replaced at no additional cost to Owner. 

11) The Contractor shall replace or rework cables showing evidence of improper handling 
including stretches, kinks, short radius bends, over tightened bindings, loosely twisted 
and over twisted pairs at terminations, and too much jacket removed.  

12) Minimum bend radius and maximum pulling tension for all cables shall be maintained 
during and after installation.  Install cable in accordance with manufacturer's ratings 
and instructions. 

13) Cables shall not be installed near power sources or other items where interference 
could develop. Cables shall not be placed within 18 inches of light fixtures and within 3 
feet of motors, transformers, copy machines, or solid state motor starters unless cable 
is installed in conduit.  Contractor shall furnish and install a grounding conduit system 
where these minimum clearances cannot be maintained.  

14) In telecommunications spaces, cables shall be routed as close as possible to the 
ceiling, floor, or corners to insure that adequate wall or backboard space is available for 
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current and future equipment and for cable terminations. Cables shall not be tie-
wrapped to existing electrical conduit or other equipment. Minimum bend radius shall 
be observed.  

15) Dress and attach cables to the backboard along the shortest possible route run square 
(horizontal and vertical) to the backboard. Bundle similarly routed cables together and 
attach by means of clamps or distribution rings. Cable dress and attachment shall 
minimize obstruction to future installations of equipment, backboard, or other cables.  

16) Cables shall be neatly bundled with hook and loop type fasteners. Nylon tire wraps are 
not acceptable. Cables must be neatly bundled in the telecommunications spaces and 
at the cable service loop.  

17) Cable service loops shall be provided at both ends of backbone cable runs.  
a. At the telecommunications room, provide a minimum 6 foot service loop stored 

in the cable tray above the racks/cabinets. 
b. At the telecommunications room, provide sufficient slack to properly dress and 

terminate cables at the racks and cabinets.   
i Provide sufficient slack so that swing gate type racks and cabinets can 

open fully 
ii Provide sufficient slack so that cables do not catch or bind at swing gate 

type rack or cabinet hinge and the cables do not pull taught across the 
hinge or edge. 

c. A minimum 25 foot service loop shall be maintained at each building entrance 
and exit.   

18) All interior fiber optic cables shall be installed in riser rated innerduct above accessible 
ceilings.  

a. Innerduct shall be installed to within 12 inches of termination enclosure.  
b. Install pull boxes, 12” x 12” minimum, as required to limit cable pulls to two 90 

degree bends or 150 feet.  
c. Innerduct shall not be kinked or tightly bent in any way. 

19) All exterior fiber optic cables shall be installed in innerduct.  

20) A break-away link shall be used for installation of cables with a cable-puller or winch.  
The break-away link shall be designed to separate at or below the recommended 
maximum tension of the cable being installed. 

21) Any damage to Owner’s existing cabling or existing cable owned by others, caused as 
a result of work performed under this scope, shall be brought to the Owner’s attention 
and repaired or replaced within 48 hours. 

22) Contractor shall use only cable lubricants recommended by the manufacturer for use 
with the specific cable construction. 

23) Should a cable become kinked, skinned or stretched during installation, the cable shall 
be removed and replaced at no additional cost to the Owner.  Splicing at points other 
than those specified will not be acceptable. 

3.02 Copper Cable Testing 

A. Unshielded Twisted Pair Testing Equipment: 

1) Cable tester will be NRTL certified for EIA/TIA TSB95. 
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2) The cable tester will have a wide variety of preprogrammed cable types as an integral 
part of its testing system and have the ability to test cables less than 6 feet (6ft.) from 
the test point. 

3) All balanced twisted-pair field testers will be factory calibrated each calendar year by 
the field test equipment manufacturer as stipulated by the manuals provided with the 
field test unit. The calibration certificate will be provided for review prior to the start of 
testing. 

4) Testing will be accomplished using level III or higher field tester that is loaded with the 
most current version of test software by the manufacturer of the test equipment.  

5) Provide factory calibration report of field test equipment. 

B. Testing Procedures: 

1) Test each pair and shield of each cable for opens, shorts, grounds, and pair reversal.  
Correct grounded and reversed pairs.  Examine open and shorted pairs to determine if 
problem is caused by improper termination.  If termination is proper, tag bad pairs at 
both ends and note on termination sheets. 

2) Test each UTP cable and passive components.  Provide certification that entire 
installation of UTP cabling, equipment and jacks are NRTL certified meeting or 
exceeding a minimum of category performance specified on all four pairs of 
conductors.   

3) Tests will be based on each pair of conductors and not the aggregate multiple pair 
results. 

4) Test all installed cable segments end-to-end, from each telecommunications room 
backbone patch panel/cross-connect block panel to respective main cross connect, 
with a Signal Injector, Graphical Link Testing Meter and Time Domain Reflectometer 
(TDR) for compliance to latest TIA/EIA performance requirements, as well as NEXT, 
ELFEXT, structural return loss, alternating power sum, opens, shorts, continuity, cable 
length, and characteristic impedance. 

5) Provide report indicating failures and what actions were taken to ensure a passing 
horizontal cable and its terminations. Any cable failing the certification test (Fail, Fail* 
or, Pass*) must have remedial work done to provide a full pass test result; Remediation 
may include retermination or replacement of the cable, which fails. No cables passing 
within tolerance only (Conditional Pass*) will be accepted. 

C. Test results: 

1) The test results information for each link will be recorded in the memory of the field 
tester upon completion of the test. The tester will be capable of storing test data in 
either internal or external memory. The external media used will be left to the discretion 
of the user.  

2) Test results saved by the tester will be transferred into a Windows based database 
utility that allows for maintenance, inspection and archiving of these test records. A 
guarantee must be made that the measurement results are transferred to the PC 
unaltered as well as any printed reports generated from the software application. 
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3) Optional formats of data reporting are: comma separated variable (.csv), Portable 
Document File (.pdf) or compatible, plain text (.txt), or hypertext markup language 
(.html/.htm). 

4) Test Results will include the following: 
a. Applicable room number of jack location (room number per Contract 

Documents) 
b. Applicable Telecommunications Room number 
c. Circuit I.D. number with corresponding jack identifier 
d. Wire Map – will include the following: 

i Continuity to the remote end 
ii Shorts between any two or more conductors 
iii Crossed pairs 
iv Reversed pairs 
v Split pairs 
vi Any other miswiring 

e. Length 
f. Insertion Loss 
g. Near-end Crosstalk (NEXT) Loss 
h. PS-NEXT (Power Sum Near End Cross Talk) 
i. ELFEXT (Equal Level Far End Cross Talk) 
j. PS-ELFEXT (Power Sum Equal Level Far End Cross Talk) 
k. Propagation Delay 
l. Delay Skew 
m. Return loss 

5) The Owner and Engineer reserve the right to observe testing and/or randomly sample 
completed links for conformance to project specifications. 

3.03 Fiber Optic Cable Testing 

A. Fiber Optic Cable Test Equipment: 

1) Cable tester will be NRTL certified for TIA/EIA TSB95. 

2) Cable testers will be Optical Power Meter and High Resolution Optical Time Domain 
Reflectometer (OTDR).  The cable tester will be NRTL certified for compliance to latest 
TIA/EIA Standard 568B performance requirements at 850, 1300 and 1550 nm. 

3) Testers will have been calibrated at least one year prior to use on this project. 
Contractor to provide proof to Owner if requested. 

4) All testing equipment (OTDR, Light Loss, Splicer etc.) will be owned by the Contractor. 
Contractor must prove ownership of equipment if requested. 

B. Cable segments and links will be tested from both ends of the cable for each of the 
construction phases.  (Verify that cable labeling matches at both ends). 

C. The system will not be considered certified until the tester has acknowledged that the 
performance of the physical layer of the system has been fully tested and is operational at the 
completion of the installation phase. 

D. Testing Procedures: 

1) Perform each visual and mechanical inspection and electrical test, including optional 
procedures, stated in NETA ATS, Section 7.25.  Certify compliance with test 
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parameters and manufacturer's written recommendations.  Test optical performance 
with optical power meter capable of generating light at all appropriate wavelengths. 

2) Prior to testing, all connectors will be properly cleaned with an approved product 
manufactured specifically for this purpose. 

3) Prior to beginning testing, confirm that all testing equipment is fully charged or 
operating on building power. If the test equipment power levels drop below 50%, 
recharge unit or continue testing with a different (fully charged) tester. 

4) Initially test optical cable with a light source and power meter utilizing procedures as 
stated in TIA TSB-140, ANSI/TIA/EIA-526-7, ANSI/TIA/EIA-526-14A, OFSTP-14A 
Optical Power Loss Measurements of Installed Multi-mode Fiber Cable Plant and 
ANSI/TIA/EIA-526-7 Measurement of Optical Power Loss in installed Single-Mode 
Fiber cable plant.  

5) Measured results will be plus/minus 1 dB of submitted loss budget calculations.  If loss 
figures are outside this range, test cable with Optical Time Domain Reflectometer 
(OTDR) to determine cause of variation.  Correct improper splices and replace 
damaged cables at no charge to the Owner. 

E. Multi-Mode Fiber Optic Cables: 

1) Will be tested bi-directionally for length and attenuation at both the short and long 
wavelengths for Multi-Mode (850 and 1300 nm). This is Tier 1 testing as specified in 
TIA TSB-140. Test all Multi-Mode strands to ensure they are capable of transmitting 10 
Gigabit Ethernet speeds. 

2) The maximum insertion loss measured at 23 degrees C. will be 3.75dB/km @ 850 nm 
and 1.5 dB/km @ 1300 nm.  

F. All cables will be tested after termination using a cable certification tester that contains the 
test equipment manufacturer’s most current version of firmware.  

G. Test all fiber optic cable segments end-to-end from the fiber optic backbone patch panel in 
the Equipment Room to each fiber optic backbone patch panel in each Telecommunications 
Room. 

H. Broken or faulty strands will not be accepted. Any cable not fully functional with all strands 
usable will be replaced at no cost to the Owner. 

I. Upon completion of testing, all connectors will be capped with a product made for that 
specific function by the connecting hardware manufacturer to prevent the contamination of 
the fiber from construction debris or other foreign objects. 

J. Test Results:   

1) The test results information for each link will be recorded in the memory of the field 
tester upon completion of the test. The tester will be capable of storing test data in 
either internal or external memory. The external media used will be left to the discretion 
of the user.   

2) Test results saved by the tester will be transferred into a Windows based database 
utility that allows for maintenance, inspection and archiving of these test records. A 
guarantee must be made that the measurement results are transferred to the PC 
unaltered as well as any printed reports generated from the software application. 
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3) The test results information for each link will be recorded in the memory of the field 
tester upon completion of the test. The tester will be capable of storing test data in 
either internal or external memory. The external media used will be left to the discretion 
of the user.  

4) Test results saved by the tester will be transferred into a Windows based database 
utility that allows for maintenance, inspection and archiving of these test records. A 
guarantee must be made that the measurement results are transferred to the PC 
unaltered as well as any printed reports generated from the software application. 

5) Optional formats of data reporting are: comma separated variable (.csv), Portable 
Document File (.pdf) or compatible, plain text (.txt), or hypertext markup language 
(.html/.htm). 

6) Test results will include the following: 
a. Telecommunications Room number 
b. Location of fiber pull i.e. (Equipment Room # to Telecom Room #) 
c. Patch panel # and location 
d. Connector type 
e. Distance  
f. Wavelength tested 
g. Technician who performed the testing 

K. The Owner and Engineer reserve the right to observe testing and/or randomly sample 
completed links for conformance to project specifications. 

 
 

End of Section 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
E7000 Series is a software-based state-of-the-art IP-based paging and intercom solution that leverages the 
latest digital, mobile and software technologies to address today’s educational environments, security 
challenges and mobile lifestyles. But to call it a paging and intercom system is to understate its capabilities 
in communication, safety and security. Bogen’s E7000 is a suite of powerful, yet easy to use tools that 
allows educators to quickly and effectively manage campus and district-wide communications. 
 
E7000 features a remarkably easy to use software suite with an intuitive web-based Graphical User 
Interface (GUI). E7000 is built upon Bogen’s Nyquist software platform and is designed to leverage existing 
LAN/WAN and/or legacy ‘home-run’ cable infrastructure for cost effective deployments. IP phones and 
purpose-built E7000-compatible appliances provide convenient communication control and interoperability 
with third-party devices. 
 
 
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 Bogen Nyquist E7000 Series IP-Based Communications System and 
the specifying authority must approve any alternative system. 
 

C. Contractors who wish to submit alternative equipment shall provide the specifying authority with 
the appropriate documentation at least 10 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. Prior 
to bid date, the contractor shall provide adequate and complete submittal information, which shall 
include but not be limited to specification sheets, working drawings, shop drawings, and system 
demonstration. The alternative supplier-contractor must also provide a list to include six 
installations identical to the proposed system. 
 

D. The contractor shall provide the FCC registration number of the proposed system, where 
applicable. 
 

E. Final approval of the alternative system shall be determined at the time of job completion. Failure 
to provide the "precise functional equivalent" shall result in the removal of the alternative system at 
the contractor’s expense. 
 

F. The contractor for this work shall have read all the bidding requirements, the general requirements 
of division xx, and the contract proposal forms, and shall be held to the execution of this work. The 
contractor shall be bound by all 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 requested by the owner. 
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1.02 SCOPE OF WORK 

 
A. The contractor shall supply and install all equipment, accessories, and materials in accordance with 

these specifications and drawings to provide a complete and operating IP-Based Communications 
System including but not limited to: 
 

1. The platform shall provide complete Nyquist E7000 intercom and employ state of the art IP 
Technology including the minimum functions listed. 

 
a. Intercom call between staff locations and classrooms with Unlimited Station capacity 
b. Interactive Facility Maps 
c. User customizable Announcements with priority 
d. Text-to-Speech Announcements 
e. Emergency Classroom Check-In can be used to enhances campus security 
f. Emergency or Normal Announcements are capable of being recorded and activated by a 

speed dial on an administrative console, DTMF, wireless panic button, mobile app, web 
browser or external IP networked system using HTTPS URL-based Application 
Programming Interface (API) 

g. Internal clock is synchronized with NTP network time server whether on the LAN, WAN or 
Internet keeping the Scheduled events (Bells) and Announcements accurate within 
milliseconds. 

h. Audio distribution allow for scheduled or manually activated audio to be activated from the 
Admin Web UI, contact closure, Admin phone and/or by use of Routines 

i. Unlimited Schedules 
j. Unlimited Time, Paging, and Audio Zones 
k. Unlimited Page Stacking/Queueing 
l. Unlimited Scheduled events 
m. Unlimited Scheduled Audio events 
n. Integrated Internet Radio Source 
o. Email Notifications and Alerts the system can send an email with a system event, contact 

closure, or when a Routine has been activated to name a few 
p. Supervised Station Status system can be setup to send an email when a Nyquist device 

goes offline. 
q. Clock / Messaging Display capability improves school communications 
r. Alert Filters – Allow facilities to monitor for such as weather events, earthquakes, tornados, 

tsunami, volcanoes, public health, power outages, and many other National Weather Alerts 
emergencies and warnings. 

s. Multi-Site All Call paging allows authorized users to make normal district wide pages 
t. Multi-Facility Emergency All-Call paging allows authorized users to make emergency 

district wide pages 
u. Administrative Graphical User Interface or GUI that can be used by technicians or 

Administrative: CoS and Roles define who has access to what parts of the GUI 
v. Push-to-Talk Microphone 
w. Ambient Noise Sensing 

 
2. The system shall have a Routines feature that allows staff to activate via Admin Web UI, dial 

string, panic button, mobile app, API or with an Admin phone touch interface.  Routines can 
automatically launch a procedure, or sequence of actions, that the E7000 system executes as 
a result of an input trigger.  Routines are designed with school security plans and can support 
crisis plans for situations such as school lockdown, weather events, or emergency evacuation. 
 

3. Direct Inward Station Access or DISA allows administrator or first responder or emergency 
personnel with proper login codes to call into the system from outside the school into any 
classroom, zone, or entire facility with customer supplied SIP enabled Telephone Network. 
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DISA is designed to allow remote monitoring, Facility All-Call or Zone Paging, and two-way 
conversation from outside the facility. 

 
4. Authorized staff can use the Admin Web UI to configure the Clock/Messaging Display function. 

They can use it to create messages that will display on monitors connected to the 10-Watt 
plenum-rated Intercom Modules with HDMI 1.3 (max. 1920 x 1080 @ 24/30 Hz) output or the 
NQ-GA10PV devices in a selected zone, multiple zones, or to specific stations. When creating 
the message, you can set several options, including when and how long the messages are 
displayed, priority of messages, and the appearance of the messages. The schedule 
programming allows the event names to be displayed analog or digital clock along with day 
and date on an NQ-GA10PV Display. You can also remove messages from the message queue 
either manually or via a Routine. 

 
5. The ADA requires that title II entities (State and local governments) and title III entities 

(businesses and nonprofit organizations that serve the public) communicate effectively with 
people who have communication disabilities. The goal is to ensure that communication with 
people with these disabilities is equally effective as communication with people without 
disabilities. With this in mind the Bogen Nyquist E7000 helps people who have vision disabilities 
with clear audio paging, massaging and hearing disabilities with visual messaging to any 
display to assist in communicating. 

 
6. Interactive Facility Maps that are intuitive to use.  Simply click on a classroom or area of the 

GUI and it can initiate an intercom, page or drill to another map level.  I addition when the 
system is in Check-In mode the classroom has a pop up of a room's video feed via the Maps 
view if equipped.  The system shall allow authorized staff to use the Map-based Audio/Video 
room monitoring during emergency check-in.  Systems that don’t have provisions for this are 
not considered equal. 

 
7. In the event of wide area network or WAN outage every facility must be capable of operating 

standalone and allow for all features listed within this specification to work. Systems that rely 
on the WAN to operate shall not be considered for comparison in this bid. 

 
8. Manage Check-In functionality that allows staff to quickly verify that they are aware that a 

check-in event is underway and are reporting classroom status for their assigned classrooms 
or areas. For staff to check-in all they have to do is press their Call Switch after they have 
completed their required check-in procedure. Examples of check-in events include but are not 
limited to weather related shelter-in-place, safety related lockdown, fire evacuation, room 
occupancy. 

 
9. The E7000 has a Disable Audio feature that can be activated via contact closure from fire alarm 

or security system, Admin Web UI, dial string, panic button, mobile app., API or with an Admin 
phone touch interface.  When the E7000 has its Audio Disabled the follow features are 
disabled: programmed or manually activated audio distribution, Zone Paging, normal 
announcement files, All-Call Paging, manual normal tones and scheduled event tones. 

 
10. Optional password protection for multi-site emergency all-Call, multi-site all-call, facility page. 

Emergency all-call page, all-call page, emergency announcement, announcement, zone page, 
alarm, and tone are used to prevent unauthorized use of the system. 

 
11. Text-to-Speech option allows Admin Web UI users to add custom announcements into the 

system by simply typing the text that you want converted to speech for this announcement. The 
system will then generate a .wav file that can be used by the E7000 system.  Systems that 
don’t offer Text-to-Speech options shall not be equivalent. 
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12. Installation Wizards are available for installers to reduce the setup time on major components 
in the system programming.  Included wizards are as follows: Customer Information, Dialing 
Length, Station, User, Time Zone, Network Time Server, and Zones as a minimum. 

 
 

1.03 SUBMITTALS 
 

A. Specification sheets on all items including cable types 
 

B. 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. Wiring diagrams showing typical connections for all equipment 
 

E. Numbered Certificate of Completion for installation, programming, and service training, which 
identifies the installing technician(s) as having successfully completed the Nyquist E7000 technical 
training course provided by the Bogen Communications LLC. 

 
 
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 maintains a 
locally run and operated business and has done so for at least 10 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 a minimum of 30 years of experience in the industry. 
The supplying contractor shall have attended the manufacturer's installation and service training 
classes. A certificate of this training shall be provided with the contractor's submittal. 

 
 
1.06 SAFETY / COMPLIANCE TESTING 

 
A. The communications system and its components shall, where applicable, bear the label of a 

Nationally Recognized Testing Laboratory (NRTL), such as Environmental Technology Laboratory 
(ETL), and shall 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 
contractor, and to the approval of the owner. 
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B. Bogen’s Nyquist E7000 solution is consistent with those NEMA SB 40-2015 requirements that 
specifically apply to school paging and intercom systems only as outlined within the ANSI/NEMA 
SB 40-2015 standards publication. 

 
 
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 including Admin Web UI Dashboard operation, Scheduling, and Audio 
Distribution as a minimum. Operation manuals shall be provided at the time of this training. 

 
 
1.08 WIRING 

 
A. System wiring and equipment installation shall be in accordance with generally accepted 

engineering best practices as established by the EIA and the NEC. Wiring shall meet all state and 
local electrical codes. All wiring shall be tested to be free from grounds and shorts. 
 

B. All 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. 
 

C. Wiring shall be done per manufacturer's recommendation (Cat 5 or West Penn #357) depending 
on speaker type. All terminal connections are to be on barrier strips. 

 
 
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 on their system drawings, the type and location of these protection 
devices and all wiring information. Such devices are not to be installed above the ceiling. 
 

 
1.10 SERVICE AND MAINTENANCE 

 
A. The contractor shall, at the owner's request, make available a service contract offering continuing 

factory authorized service of this system after the initial hardware and software warranty periods. 
 

B. System shall include software maintenance that includes bug fixes and new feature releases for a 
period of five years.  In addition, the contractor shall provide at the owner’s request additional 
maintenance contracts that are available as one-year, three-year, and five-year extensions. The 
contractor shall provide a 24-hour response time from call by customer.   
 

C. The system manufacturer shall maintain engineering and service departments capable of rendering 
advice regarding installation and final adjustment of the system. 
 

 
1.11 WARRANTY 

 
A. The Bogen Nyquist hardware products identified in this specification shall be warranted to be free 

from defects in materials and workmanship for five (5) years from the date of sale to the original 
purchaser; except for the NQ-SYSCTRL, NQ-T1100 and NQ-T1000 which each carry a two (2) 
year warranty. The Bogen Nyquist software products identified on this specification are warranted 
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to be free from defects in material and workmanship for ninety (90) days from the date of sale to 
the original purchaser. 

 
PART 2 - SYSTEM SPECIFICATION 
 
2.01 MANUFACTURERS 

 
A. Manufacturers, subject to compliance with requirements specifications, provide the following 

system: 
 

1. Bogen Nyquist E7000 IP-based paging and intercom solution manufactured by Bogen 
Communications LLC. 

 
B. The specifying authority must approve any alternative system 10 days prior to bid day. 

 
C. The intent is to establish a standard of quality, function, and features. It is the responsibility of the 

contractor to ensure 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. Nyquist NQ-SYSCTRL System Controller 

 
1. Configuration and management via a Web-based Graphical User Interface (GUI) 

 
2. Wizard based setup for quick installation 

 
3. Remote access from virtually any PC/MAC, tablet, or mobile device 

 
4. Continuous monitoring of stations and appliances to ensure system operation 

 
5. Dual network adapters to allow the System Controller to operate on two separate networks 

 
6. Music automatically added to music library and playlist from USB port 

 
7. Network-based audio that can be sourced (input) from any number of Nyquist appliances (NQ-

P0100, NQ-A2xxx, NQ-A4xxx, etc.) 
 

8. Ample storage for music files, recorded announcements, and call recordings 
 

9. G722 and OPUS audio codec support to deliver superior HD audio quality 
 

10. Convection air cooled; fan-less design for quiet, maintenance-free operation 
 

11. Wall, rack, or shelf mountable 
 

B. Nyquist NQ-E7030 Analog Station Bridge (ASB) 
 
1. 24 station interface supporting analog speakers and call switches 

 
2. 120-Watts of available power at 25-Volts 
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3. Two dynamic talk paths/amplification channels 

 
4. Support Category G wiring or better 

 
5. 25/70-volt speaker(s), ceiling-mounted, wall-mounted, and paging horns 

 
6. CAN Bus 2.0 interface designed for support of Nyquist Digital Call Switch (DCS) NQ-E7020 

that can initiate Normal, Urgent, or Emergency priority calls, all with options for Privacy Mode 
 

7. Analog/Mechanical Call Switches capable of placing Normal, Urgent, or Emergency priority 
calls, Bogen CA15C rocker style momentary call button 
 

8. Wall, rack, or shelf mountable 
 

C. Nyquist NQ-P0100 Matrix Mixer Pre-Amplifier (MMPA) 
 
1. No less than four Mic/Line inputs used for analog audio input like AM/FM Tuner or CD Player 

 
2. Channel 4 configurable for Push-to-Talk MIC application 

 
3. Line Level output to drive external amplifier 

 
4. Software programmable configuration and operation 

 
a. Push-to-Talk Channel 
b. Push-to-Talk Type 
c. Push-to-Talk Zone 
d. Mixer Channels 

 
5. Configurable built-in DSP 

 
a. Noise Gate 
b. Compressor/Limiter functions, etc. 
c. Tone Controls: Low Shelving, Mid Bandpass and Hi Shelving 
d. Multi-band Parametric EQ 
e. Variable Low-Cut/High-Pass filters 
f. CH1 can be configured as a digital AES/EBU (AES3) input 

 
6. USB 2.0 host port, Type-A connector (future use) 

 
7. Powered by 100V – 240V Universal AC Mains 

 
8. Wall, rack, or shelf mountable 
 

D. The Nyquist two and four channel amplifiers available in the following number of channels and 
watts 
 
1. NQ-A2060 two channel with 60 watts per channel 

 
2. NQ-A2120 two channel with 120 watts per channel 

 
3. NQ-A2300 two channel with 300 watts per channel 

 
4. NQ-A4060 four channel with 60 watts per channel 

 



DIVISION 17 INTERGRATED COMMUNICATION 
SECTION 17300 BOGEN NYQUIST E700 SERIES IP BASED COMMUNICATION SYSTEM 

 

17300 - 8 

5. NQ-A4120 four channel with 120 watts per channel 
 

6. NQ-A4300 four channel with 300 watts per channel 
 

7. These amplifiers shall include GUI based DSP controls; 16-band Graphic Equalizer; Signal 
Present and Clip Monitor; Adjustable High Pass, Low Pass, and Bandpass Filters; Noise Gate; 
Compressor/Limiter; and 7-band Parametric Equalizer. Outputs shall be provided for 4-, 8-ohm, 
25V, and 70V distributed systems.  

 
8. Bridged or Mono Mode 

 
9. Integrated Digital Signal Processor 

 
a. Noise Gate 
b. Compressor/Limiter functions, etc. 
c. Tone Controls: Low Shelving, Mid Bandpass and Hi Shelving 
d. Multi-band Parametric EQ 
e. Variable Low-Cut/High-Pass filters 

 
10. One Line-Level Input on two channel amplifiers 

 
11. Two Line-Level Inputs on the four channel amplifiers 

 
12. 100/1000 GB ethernet connection 

 
13. USB 2.0 host port, Type-A connector (future use) 

 
14. 100V – 240V Universal AC Mains 

 
15. Wall, rack, or shelf mountable 
 
16. The amplifiers shall carry the necessary safety agency listings for both the US and Canada. 

The amplifier shall employ convection air cooling. Amplifiers that require fans for cooling shall 
not be considered equal. 

 
E. Nyquist NQ-E7010 Input/Output Controller 

 
1. Power over Ethernet 802.3af compliant 

 
2. 8 x Dry Contact Closure Inputs 

 
3. 8 x Relay Driver Outputs (Open-Collector) 

 
4. USB 2.0 host port, Type-A connector (future use) 

 
5. Software programmable configuration and operation including; Contact Type, Extension, 

Name, Close Interval, Actions (911, Audio, Alarm, Announcement, All-Call, Multi-Site-
Emergency-All-Call, Emergency-Call, Emergency-All-Call, Hourly, Audio-Disabled, No Action, 
Page, Tone, Enable-Audio and Manual), Action ID, Zones, Close Extension, Dashboard Type, 
Dashboard Title, Dashboard Scope, Dashboard Text, Dashboard Style, Email and Routines 

 
6. Wall, rack, or shelf mountable 

 
F. Nyquist NQ-GA10P 10-Watt Intercom Module  

 
1. Power over Ethernet 802.3af compliant 
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2. Low-impedance (8-ohm) speaker output. Designed for use with Drop-In Ceiling Speaker 

CSD2X2L/U 
 

3. Network-based audio output (paging, intercom, audio distribution) 
 

4. Talkback support 
 

5. Push-to-Talk Microphone that can be routed anywhere over Bogen’s Nyquist network 
 

6. Ambient Noise Sensor connection for Amplifier volume output control 
 

7. DSP-based noise rejection and voice bandwidth optimization 
 

8. Web-based configuration 
 

9. Analog Call Switch support (Bogen CA15C, or equivalent) 
 

10. Digital Call Switch support (Bogen NQ-E7020) 
 

11. Audio Active Control SPDT Relay Output Rated at 2A 
 

12. In-wall, in-ceiling, shelf, or device mountable UL 2043 plenum-rated package 
 

13. Integrated slotted mounting flanges 
 

14. Available PS4815W 48VDC External Power Supply when PoE isn’t available 
 

G. Nyquist NQ-GA10PV 10-Watt Intercom Module with HDMI Clock/Messaging Display. 
 

1. HDMI 1.3 (max. 1920 x 1080 @ 24/30 Hz) output that can be configured many ways: 
 

a. Analog Clock with Messaging 
b. Digital Clock with Messaging 
c. Single Column Messaging 
d. Two Column Messaging 
e. Three Column Messaging 
f. Priority Fullscreen Messaging 

 
2. Power over Ethernet 802.3af compliant 

 
3. Low-impedance (8-ohm) speaker output. Designed for use with Drop-In Ceiling Speaker 

CSD2X2L/U 
 

4. Network-based audio output (paging, intercom, audio distribution) 
 

5. Talkback support 
 

6. Push-to-Talk Microphone that can be routed anywhere over Bogen’s Nyquist network 
 

7. Ambient Noise Sensor connection for Amplifier volume output control 
 

8. DSP-based noise rejection and voice bandwidth optimization 
 

9. Web-based configuration 
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10. Analog Call Switch support (Bogen CA15C, or equivalent) 

 
11. Digital Call Switch support (Bogen NQ-E7020) 

 
12. Audio Active Control SPDT Relay Output Rated at 2A 

 
13. In-wall, in-ceiling, shelf, or device mountable UL 2043 plenum-rated package 

 
14. Integrated slotted mounting flanges 

 
15. Available PS4815W 48VDC External Power Supply when PoE isn’t available 

 
H. Nyquist NQ-S1810WT-G2 Classroom VoIP Wall Baffle Speaker(s) GEN-2 

 
1. Adjustable volume in 3db increments 1/8, 1/4, 1/2, 1, 2, 4, and 8 Watts via web browser 

 
2. Built-in 10W amplifier 

 
3. MEMS digital microphone for talkback 

 
4. Audio Active Control SPDT Relay Output Rated at 2A 

 
5. Power over Ethernet 802.3af compliant 
 
6. CAN Bus 2.0 Interface connects to Nyquist Digital Call Switches (NQ-E7020) 

 
7. Capable of four (4) different wall mounting options: 
 

a. 2X2 Wall Mount 
b. Box Mount 
c. Corner Mount 
d. Tilted Mount 

 
I. Nyquist NQ-S1810CT-G2 Classroom VoIP Ceiling Speaker(s) GEN-2 

 
1. Adjustable volume in 3db increments 1/8, 1/4, 1/2, 1, 2, 4, and 8 Watts via web browser 

 
2. Built-in 10W amplifier 

 
3. MEMS digital microphone for talkback 

 
4. Audio Active Control SPDT Relay Output Rated at 2A 

 
5. Power over Ethernet 802.3af compliant 

 
6. CAN Bus 2.0 Interface connects to Nyquist Digital Call Switches (NQ-E7020) 

 
7. Optional hardware available: 
 

a. RE84 Recessed Enclosure (Back box) 
b. TB8 Time Bridge 
c. MR8 Mounting Ring (for installation where RE84 is not used) 

 
J. Nyquist NQ-GA20P2 Plenum-Rated 20-Watt Integrated Amplifier 
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1. Single 20-watt, 8-ohm speaker output 
 

2. Single Balanced Line Output 
 

3. Power over Ethernet Plus (PoE+) 802.3at compliant 
 

4. Nyquist network-based audio output (paging, intercom, audio distribution) 
 

5. Web-based configuration 
 

6. Front panel Power and Status LEDs 
 

7. In-wall, in-ceiling, shelf, or device mountable UL 2043 plenum-rated package 
 

8. Integrated slotted mounting flanges 
 

9. Available PS4830W 48VDC External Power Supply when PoE+ isn’t available 
 

K. NQ-T1100 VoIP Admin Phone Color Touch Display (aka Admin Station) 
 
1. 7” 800 x 480-pixel color display with backlight 

 
2. Touch screen display for one touch operation 

 
3. Full-duplex hands-free speakerphone with AEC 

 
4. Call hold 

 
5. Mute 

 
6. Redial, call return, auto answer  

 
7. PoE (802.3af) Class-3 support 

 
8. Headset with EHS support 

 
9. Dual Gigabit Ethernet ports 

 
10. Desk Mountable 

 
11. Optional Wall mount available 
 

L. NQ-T1000 VoIP Staff Phone LCD Display (aka Staff Station) 
 
1. 132 x 64-pixel graphical LCD with backlight 

 
2. Two-port 10/100M Ethernet Switch 

 
3. Full-duplex hands-free speakerphone with AEC 

 
4. Call hold 

 
5. Mute 

 
6. Redial, call return, auto answer  
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7. PoE (802.3af) Class-3 support 

 
8. Dual-color (red or green) illuminated LEDs for line status information 

 
9. Two 10/100M Ethernet ports 

 
10. Wall or desk mountable 
 

M. Optional third-party equipment support 
 
1. Telephony interface device(s) for FXO/FXS analog port connectivity 

 
2. Third-party hardware FXS gateway support includes: 
 

a. Two port FXS gateway Cisco SPA-112 typically used for analog interface to existing PBX 
CO port support 

b. 24 port FXS gateway Yeastar TA-2400 typically used for analog staff phone support 
 
 
2.03 COMPONENTS AND DESCRIPTIONS 

 
A. The Nyquist E7000 Series Educational System is a software-based VoIP paging and intercom 

system. 
 

B. The System must be capable of supporting existing Bogen Multicom 2000 and Bogen Quantum 
Multicom IP wiring, 25-Volt speakers and analog call-switches, and equivalent competitive systems 
utilizing the existing architectural numbering scheme. The VoIP capabilities of the Nyquist system 
will enable the support of the features across the Nyquist appliances within the facility. The following 
sections define how the system handles each of the features in the system. Systems that do not 
allow the reuse of existing wiring or numbering scheme shall not be deemed acceptable. Systems 
that do not allow appliances to be seamlessly integrated via the existing customers LAN are not 
considered equal. 
 

C. Nyquist E7000 Software 
 
1. The Nyquist E7000 software is pre-installed on a Nyquist NQ-SYSCTRL System Controller or 

can be optionally installed on a dedicated dealer or customer supplied server. An unlimited 
number of facilities can be networked into a Nyquist-based District. 
 

2. If the Nyquist Software is not a Nyquist NQ-SYSCTRL System Controller than the Minimum 
Server Requirements apply to dealer or customer supplied Server 

 
a. Debian Linux OS (AMD 64-bit version) release 8.4.x – 8.11.0 
b. Quad-core Intel-based processor running at 3.0 GHz or higher 
c. 8 GB RAM 
d. One 250 GB disk drive or larger 

 
3. Redundant Array of Independent Disks (RAID) is recommended for redundancy and high 

availability. 
 

4. Consider using a larger drive if large amounts of audio (for example, voice mail, 
announcements, recordings, and music) are being stored on the system. Other factors that 
should be considered are: 

 
a. How often will backups be performed? 
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b. Will the system be backed up locally or remotely on a detachable drive, SAN/NAS, or NFS? 
c. How many users will have voicemail ability? 
d. How long will voicemail messages be stored? 
e. Will voicemail messages be part of the local system backups? 
f. NIC 10/100/1000 MB Ethernet port 
g. One or more PCI/PCI Express (PCIe) slots if telephony network connectivity other than, or 

in addition to, SIP trunking 
h. One or more PCI/PCIe type third-party telephony interface cards (for example, FXO, FXS, 

etc.) if telephony network connectivity other than, or in addition to, SIP trunking 
 
5. Audio shall be transmitted between the System Controller and the Nyquist appliances using 

the customer supplied LAN/WAN using both G.722 and Opus 48k audio encoding and 
streaming technology to deliver High Definition DVD quality audio. Systems that do not use 
G.722 and Opus for audio encoding and streaming shall not be deemed equivalent. 
 

6. Installers have the ability to verify that the Nyquist System Controller can access Internet-based 
URLs required for the system to run properly by clicking on the "Check Internet Site Access" 
on the license activation wizard. If the installer made mistakes in configuring the network the 
install has the ability to go back and make changes to the network by clicking on the “Network 
Wizard” button. 
 

7. The Nyquist software and Nyquist appliances firmware shall be upgradeable via the Nyquist 
Web UI System Update page that contains a list of available Nyquist software updates. When 
automatic software check and download are enabled, new software updates will automatically 
be downloaded and appear in the System Update list, and a dashboard message will be 
displayed to announce newly available software. Release notes can be viewed for each 
available update. System updates can be started via the System Update list. The System 
Update page includes a "Check for System Updates" button that can be used to manually check 
for and download available Nyquist software updates. 

 
8. Prior to preforming Nyquist updates the technician shall have the ability to verify if the default 

gateway, Network Time Protocol, and Domain Name Servers are configured and available, to 
obtain network interface and routing tables status, and to display the Nyquist E7000’s public IP 
address. See "Check Internet Site Access" under "System Parameters”. The E7000 system 
can be setup to automatic check for new Nyquist System software and automatic download of 
new Nyquist System Software 
 

9. It shall be possible for a Nyquist facility to make “station-to-station” calls and “remote facility” 
All-Call pages to a single facility or to all Nyquist facilities in a district via the Nyquist Web UI or 
an Admin Station. Systems that require remote viewing software or other application software 
to be installed/loaded on to additional servers or PCs to make station-to-station calls and 
remote facility All-Call or district paging shall not be considered equivalent. 
 

10. The Nyquist software is designed to handle all facility and district-wide communications, 
including but not limited to, inter-facility intercom calling and paging, district-wide Emergency 
All-Call and local facility point-to-point calls. Via the Nyquist Web UI, every facility shall be 
configured with the IP addresses of all the other remote facilities within the district.  To ensure 
that these communications are operating correctly at all times the Nyquist appliances are 
supervised and remote facilities are monitored, if a device or facility has a fault the system can 
send and/or email and also display a message if a device changes state.  System that don’t 
provide Station Supervision and remote Facility Monitoring shall not be considered. 
 

11. Nyquist can support an unlimited number of facilities; however, the maximum number of 
simultaneous remote facility intercom calls supported is based on the actual performance of 
the WAN and the Nyquist System Controller CPU load. 
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12. The voice quality of the facility calls may vary based on the WAN conditions. The maximum 

network bandwidth that All-Call and Zone Paging uses is average of 0.086 Mbps (Multicast 
G.722), and intercom calls average of 0.171 Mbps (unicast, G.722). 

 
13. The system shall facilitate the repetitive playing of Normal or Emergency audio tones or 

announcements directed to an All-Call or a Paging Zone until stopped by the Nyquist user via 
the Web UI, an Admin Station, or a dry contact closure connected to the Nyquist I/O Controller 
NQ-E7010. 
 

14. Through the use of Routines, a trained individual can create a routine that can perform a 
sequence of events that can include the repetitive playing of normal or emergency audio files, 
make or break contact closure(s), display different messages in different areas, send email(s), 
and place a phone call (if equipped) offsite and play a pre-recorded message.  Routines can 
be triggered/started by Application Programming Interface (API) or the playing of normal or 
emergency audio files, make or break contact closure(s) or almost any feature or function in 
the E7000 system.  The system must also be capable of executing multi-site Routines (e.g., 
supports District-wide lockdown).  System that don’t provide Routines are not equal. 
 

15. A built-in Master Clock shall be included to automatically control class change bells or other 
time-based events. The Master Clock shall have an unlimited number of Events that may be 
programmed into any of the unlimited number of Facilities, unlimited number of Schedules, and 
unlimited number of Holiday events. The schedules shall be nameable for easy selection when 
assigning schedules to days or overriding a schedule. Schedules can be overridden via the 
Admin Web UI or Admin phone. 

 
16. Network Time Synchronization. The system shall be capable of periodically 

updating/synchronizing the processor’s time with a Network Time Server running Network Time 
Protocol (NTP) via the school’s LAN network. Systems that do not provide Network Time 
Synchronization will not be deemed equivalent. The Nyquist server can be the NTP server for 
other devices on the LAN such as IP clocks and other IP devices. 

 
D. Nyquist E7000 System Software Application 

 
1. The Nyquist software is pre-installed on the Nyquist System Controller, and upon boot-up, 

users can log in to the Nyquist application via a web browser that supports WebRTC. Systems 
that require Com Port redirect software, client PC application, software or serial-to-Ethernet 
adapters for user access are not deemed equal. Communications between the System 
Controller and the Web UI(s) shall be via secure Hyper Text Transfer Protocol (HTTPS) 
connections (i.e., https://). 
 

2. The Nyquist Web UI shall be configured with four different default user access levels, based 
on four unique user roles. Systems that do not provide unlimited access levels and unlimited 
number of user roles are not considered equal. 
 

3. The four default roles shall be: admin, optech, operator, and user. These roles provide a 
starting point/example for administrators to create additional roles 
 

4. Only a user assigned the admin role shall be able to provide access to users, giving them the 
ability to create, delete, edit, and view system parameters. 
 

5. Only an Administrator shall have the ability to adjust roles and Class of Service (CoS) of users. 
The roles determine if users can view the definable data objects that can include configuration, 
alarms, and performance data and if users can perform certain operations based on the user’s 
role and station’s CoS. All changes to roles and CoS are effective immediately, without the 
need to restart the browser or reboot the System controller or server. 
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6. The Nyquist Web UI Dashboard shall provide full administrative capabilities to manage/operate 

the following system features: 
 

a. Calling/Paging – Used to access directory, dial pad, Page Exclusion, Call Forwarding, Zone 
Page, Record Page, Prepending Page, All-Call, Emergency All-Call, Manage Check-in and 
operate Routines. 

b. Multi-Site Calling/Paging – Used for Facility Page, Multi-Site All Call, and Multi-Site 
Emergency All Call. 

c. Tones/Announcements – Used for Tones, Announcements, Alarms, Stop Announcement, 
Display Message, and Remove Message. 

d. View Weekly Schedule – Used to show the current active Bell Schedules. 
e. Audio Distribution – Used to distribute audio sources to Stations, Audio Zones or entire 

facility. Operators can create an unlimited number Audio Distributions as needed by the 
facility 

f. Enable or Disable Audio – Used to place the Nyquist system into Page Exclusion mode 
(i.e., “mute” the system) when a contact closure is supplied from the fire alarm panel. 
Systems that do not provide this capability are deemed not equal. 

 
7. Systems that require application software to be installed on a PC to manage the above features 

shall not be considered. 
 

8. To facilitate installation and configuration of the system, additional Web UI menus are required. 
The menus shall only be visible to users with the correct roles and CoS. The navigation menus 
found on the Web UI shall be as follows: 

 
a. System Parameters – Allow installers to adjust core system parameters including Product 

License, Restart Server, Station Supervision, Email Configuration, System Update, Shut 
Down Server, Check Internet Site Access, Check Server Status, Edit system tools and 
adjust all the System Parameters. 

b. Zones and Queues – Allow installers to create and modify Paging, Time, and Audio Zones.  
Installers can also setup Queues that can be used to eliminate feedback. 

c. Schedules – Allow installers and administrators to create bell schedules for multiple 
Schools, predefine alternative schedules to run, prevent the bells from ringing on a holiday, 
and schedule an announcement to play. The system shall allow an unlimited number of 
schedules to operate simultaneously within a facility. 

d. CoS Configuration – Allow the installer to create, modify, and delete CoS groups that 
control station access to the following features: Call-in Level, Zone Paging, All-Call Paging, 
Emergency All-Call, Inter-Facility Call/Page, Audio Distribution, Remote Pickup, Join 
Conversation, Call Forwarding, Walking Class of Service, External Call Routing, Call 
Transfer/3-way Calling, Manually Activate Tone Signals, Call Any Station, Manage 
Recording, Monitor Calls, Monitor Locations, Conference Admin, Conference User, 
Voicemail, Record Calls, Activate Alarm Signals, Disable Audio, Enable Audio, Allow 
Callee Auto-answer, District Paging, Inter-Facility Features, Manage Output Contacts, and 
Execute Routines. 

e. Admin Groups – Allow the installer to create, modify, and delete software groupings of 
admin phones, staff phones, and Admin Web UIs that can ring when a station calls in with 
a call switch. 

f. Stations – Allow the installer to set up, modify, and delete stations; set up Page Exclusion; 
view Station Status; and add New Stations. 

g. Bridge Devices – Allow the installer to configure the Nyquist ASBs. 
h. Amplifier Devices – Allow the installer to configure Nyquist Two and Four and PA Amplifiers 
i. Audio – Allow the installer to upload and manage Announcements, Playlists, Recordings, 

Songs, Tones, and Internet Radio Services. The system must support the uploading of 
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both MP3 and WAV files and make Audio file management simple for users. Systems that 
limit the size of Audio files shall not be considered equal. 

j. Users – Allow the installer to manage users by giving them the proper roles and assign 
extensions if needed. 

k. Roles – Allow the installer to grant users rights to Create, Delete, Edit, Restart System, 
Sort Menu, Systems Update, Manage, Import/Export, Restore, Settings, or View. 

l. Facilities – Allow the installer to set up the district wide facilities for remote paging and 
calling. 

m. Outside Lines – Allow the installer to set up FXS and FXO ports for inbound and outbound 
system calling. 

n. SIP Trunks – Allow the installer to set up SIP trunks into the facility for inbound or outbound 
calling. 

o. Call Details – Allow the installer to review the historical system activities that can be used 
for incident investigation or system troubleshooting. 

p. System Backup/Restore – Allow the installer to preform system backups or restores and 
allow the backups to be schedule to run automatically. 

q. System Logs – Allow the installer to view and export log files, Nyquist-Intercom, and Web 
Server logs that can be used for troubleshooting and technical assistance. 

r. Paging Exclusions – Allow the installer to view and edit stations that are excluded from 
paging. 

s. Firmware – Update firmware for Nyquist speakers and appliances. 
t. Routines – Allow installers to create routines that are a sequence of actions, that the 

Nyquist system executes as a result of an input trigger. Routines can support crisis plans 
for situations such as school lockdowns, weather events, or emergency evacuations. 

u. Alert Filters – Allow installers to select the National Weather Alerts that the facility needs 
to monitor for such as weather events, earthquakes, tsunami, volcanoes, public health, 
power outages, and many other emergencies. 

v. Systems that do not provide these options as a minimum shall not be considered equal. 
 

E. Nyquist NQ-E7030 Analog Station Bridge 
 
1. The Nyquist NQ-E7030 ASB allows facilities with existing Multicom or Quantum or compatible 

intercom systems to upgrade to Nyquist. Each ASB supports up to 24 speakers and call 
switches with 120-Watts of embedded 25 Volt power. The ASB is designed to drive almost any 
combination of 25 Volt speakers and horns.  
 

2. The Nyquist ASB contains two 120-Watt amplifiers that are used dynamically by the system 
and allows two simultaneous amplified audio paths through the ASB.  Either amplifier can be 
used for an intercom call and/or program (Paging, Time Tones and Audio) distribution. 

 
3. Each of the 24 station interface ports - Support connections to as many as 24 individual 25 Volt 

speakers with one 25 Volt speaker connection per interface used for direct communication 
between the admin area and the classroom via Half-duplex talkback using the speaker as 
pickup and the 24 dry contact closure-type analog Call Switch connections allow for support of 
legacy Call-Switches like the CA15C. 
 

4. On the back of the ASB is a CAN Bus 2.0 Interface designed to support the connection of 24 
or more Nyquist NQ-E7020 Digital Call Switches DCS that can be associated with the 
programmed stations.  Systems that don’t support Digital Call Switches shall not be considered 
equal. 
 

5. On the front of the ASB are two (2) x RGB full spectrum LED’s. The POWER LED appears as 
solid red during initial power up, flashes green during a boot sequence, and appears solid green 
when fully booted. The STATUS LED uses the following indicators to provide information about 
the appliance: 
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a. Flashing red – No network connection found 
b. Solid blue – The ASB is in an uninitialized state and is not associated to a server. (The 

server may be in a discovery mode.) 
c. Solid green – The ASB is registered to a Nyquist server and is in normal operation 
d. Flashing green – The ASB has an IP address but is not registered with the Nyquist server 
e. Solid red – The ASB needs to be rebooted or reset so that the Nyquist application can 

resume 
f. Flashing Blue – The ASB is updating. 
 

6. USB 2.0 host port, type A connector designed for future applications. 
 

7. On the front of the ASB you will also find the 10/100 Ethernet network connection. The ASB 
can be configured with a static IP address or use DHCP for connection to the customers 
network as required by the Network Administrator 

 
8. The ASB gets its power from a universal mains power supply (100VAC – 240VAC) 
 
9. The Nyquist NQ-E7030 ASB shall be rack, wall, or shelf mountable and shall include the 

required mounting bracket hardware. 
 

F. Nyquist NQ-P0100 Matrix Mixer Pre-Amplifier (MMPA) 
 
1. The Nyquist NQ-P0100 MMPA is designed to bring external audio into the Nyquist system. The 

MMPA interfaces with a local sound system by accepting one or more analog audio sources, 
mixing them, and outputting them to either, a) the network for Audio Distribution, or b) the 
MMPA’s line level output that can then be inserted into an external amplifier to drive local sound 
system in gyms, cafeterias, auditoriums, etc. The MMPA supports the following: 
 
a. Four software selectable Line/MIC Input channels via three XLR connectors and four sets 

of screw-terminals. Input channel four (4) shall be capable of being configured to support 
a Push-to-Talk microphone Bogen model DDU-250. Channel-1 can be configured as a 
digital AES/EBU (AES3) input. Line/Monitor output – The MMPA becomes a station on the 
Nyquist system, allowing users to call it directly or to include it in any of the Page, Time, or 
Audio Zones and can be direct one-way page by calling it extension. 

b. The MMPA shall support the following features: Line-Level output to drive input on a local 
amplifier or self-amplified speaker; One USB 2.0 host port (Type-A connector) for future 
use; two (2) x RGB full spectrum LED status indicators. 

c. Configurable built-in Digital Signal Processing for Noise Gate, Compressor/Limiter 
functions, etc., Tone Controls: Low Shelving, Mid Bandpass and Hi Shelving, Multi-band 
Parametric EQ, and Variable Low-Cut/High-Pass filters. 

d. The MMPA is powered by Universal mains supply (100VAC – 240VAC). 
e. The MMPA shall be wall or shelf mountable and shall include the required mounting bracket 

hardware. 
 
2. The system shall be equipped a minimum of one (1) Nyquist MMPA that allows for up to four 

user-configurable audio inputs. The MMPA shall support Line, MIC, and digital AES/EBU 
(AES3) input sources. The system supports an unlimited number of MMPAs. 
 

G. Nyquist NQ-E7010 Input/Output Controller 
 
1. The Nyquist NQ-E7010 I/O Controller is designed to accept contact closure inputs and activate 

open-collector outputs to drive relay coils. These inputs and outputs are used to trigger events 
or to be triggered by an event or Routine within the Nyquist system. 
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a. PoE Class-1; IEEE 802.3af compliant with Optional 48VDC 15W power supply 
b. Eight Dry Contact Closure Inputs that can be used with Fire Alarm Override Relays, 

external event triggers (for example, Lockdown Buttons, etc.) 
c. Eight Relay Driver Outputs (Open-Collector) for use with Clock Correction (Sync Pulse), 

response to contact closure inputs, etc. 
d. USB 2.0 host port, Type-A connector (future use) 
e. Two (2) x RGB full spectrum LED Power and Status indicators 

 
2. The Nyquist NQ-E7010 I/O Controller shall support wall or shelf-mounting options and shall 

include the required mounting bracket hardware. 
 

3. The Nyquist NQ-E7010 I/O Controller shall be designed for wall or shelf mounting. 
 

H. Nyquist NQ-S1810CT-G2 VoIP Ceiling Speaker with Talkback and NQ-S1810WT-G2 VoIP Wall 
Baffle Speaker with Talkback 
 
1. The VoIP speakers shall not require traditional intercom wiring or transformer taps to manually 

set or adjust volume. Simply connecting them via Cat 5 or better to a PoE Switch or PoE Injector 
on the system’s network should allow them to be ready to program into the system. Volume is 
controlled via the Nyquist Web UI. All Nyquist audio appliances shall use a wideband Opus 
codec for DVD quality Audio Distribution. Use of the Opus codec, along with G.722, allows for 
High Definition (HD) audio. Nyquist VoIP speakers shall be equipped with a digital MEMS 
microphone to achieve superior talkback audio. VoIP Speakers that utilize the speaker as the 
microphone shall not be considered equal. 
 

2. Software adjustable volume in 3db increments 1/8, 1/4, 1/2, 1, 2, 4, and 8 Watts via web 
browser allow the operators to adjust the Built-in 10W amplifier. 
 

3. The MEMS digital microphone provide unprecedented talkback from the classroom allowing 
staff to hear the slightest inflection in anyone’s voice. 
 

4. Audio Activated Control Relay Output designed to override local classroom sound systems 
 
5. The Nyquist VoIP speaker are equipped with an audio activated control Relay Output that is 

normally open or closed and changes state when audio is active.  This relay can be used to 
override a local sound system in the classroom. 
 

6. The VoIP Speakers shall be PoE IEEE 802.3af compliant allowing staff to effortlessly add 
additional speakers as needed on available PoE Ports throughout the campus.  Making them 
easy to add move or change as the needs of the facility changes over time. 
 

7. Connection to optional Digital Call Switch Nyquist NQ-E7020, which can place Normal, Urgent, 
or Emergency priority calls and can provide station status and the ability for the user to enable 
and disable Privacy Mode 
 

8. The NQ-S1810WT VoIP Wall Baffle Speaker with Talkback design facilitates mounting the 
speaker up to four different ways: 

 
a. 2x2 Wall Mount 
b. Box Mount 
c. Corner Mount 
d. Tilted Mount 
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9. The NQ-S1810CT VoIP Ceiling Speaker is designed to work with the same Bogen hardware 
used with our analog ceiling speakers to make the installation process easy for installers that 
have installed ceiling speaker in the past available accessories: 
 
a. RE84 Recessed Enclosure (Back box) 
b. TB8 Time Bridge 
c. MR8 Mounting Ring (for installation where RE84 is not used) 

 
10. Like all Nyquist Appliances we support the most common network features to rapidly deploy 

Nyquist Appliances on the network such as DHCP with Option 66 and VLAN support to aid in 
this effort. 
 

11. The VoIP Speakers come pre-assembled for faster installation 
 

I. Nyquist NQ-GA10P 10W Plenum-rated Intercom Modules 
 
1. The Nyquist NQ-GA10P is designed to make any 8-ohm speaker into an IP speaker with the 

following capabilities 
 
a. Power-over-Ethernet (PoE) 802.3af compliant 
b. Low-impedance (8-ohm) speaker output 
c. Network-based audio output (paging, intercom, audio distribution) 
d. Talkback support by just attaching a speaker to achieve half-duplex talkback 
e. Push-to-Talk Microphone that can be routed anywhere over Bogen’s Nyquist network 
f. Ambient Noise Sensor connection for Amplifier volume output control 
g. DSP-based noise rejection and voice bandwidth optimization 
h. Web-based configuration 

 
J. Nyquist NQ-E7020 Digital Call Switch 

 
1. The Nyquist DCS has been exclusively designed for use with Nyquist appliances equipped with 

a CAN Bus 2.0 Interface. The CAN Bus 2.0 interface provides power and signal, and multiple 
DCSs can connect to each CAN Bus 2.0 interface. The DCS fits into a Single Gang/ Low 
Voltage installation using standard ‘decora-plate’ covers (supplied). 
 

2. The DCS is a capacitive touch button design, so it doesn’t have any moving parts to wear out. 
The behavior of this switch is software definable. Systems that require membrane or 
mechanical rocker style call switches that can wear out over time shall not be acceptable. 
 

3. Normal call initiation involves touching the DCS one time. When a user touches the button on 
the DCS once, one of the three LED segments will light up green, a normal call will be placed, 
and the light will start blinking green. This is the indication that the Normal call has been placed 
to the VoIP Admin Phone or to a group of VoIP Admin Phones and that the phone or phones 
are ringing. 
 

4. Urgent call initiation involves touching the DCS one time. When a user touches the button on 
the DCS once, one of the three LED segments will light up yellow, an Urgent call will be placed, 
and the light will start blinking yellow. This is the indication that the Urgent call has been placed 
to the VoIP Admin Phone or to a group of VoIP Admin Phones. 
 

5. Emergency call initiation involves touching the DCS one or three times depending on station 
programming. When a user touches the button on the DCS once or three times within three 
seconds, all three LED segments will light up red, an Emergency call will be placed, and the 
light will start blinking red. This is the indication that the Emergency call has been placed to the 
VoIP Admin Phone or to a group of VoIP Admin Phones. 
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6. Single Press Emergency Call, if programmed, involves touching the DCS one time. When a 

user touches the button once, all three LED segments will light up red on the DCS, an 
Emergency call will be placed, and the light will start blinking red. This is the indication that the 
Emergency call has been placed to the VoIP Admin Phone or to a group of VoIP Admin Phones. 
 

7. Normal and Urgent calls can easily be upgraded to an Emergency call after the DCS is flashing 
by touching the button on the DCS one time. The Normal or Urgent call will be replaced by an 
Emergency call. Systems that don’t allow the staff to upgrade the priority of a call shall not be 
considered equivalent. 
 

8. Privacy Mode – Pressing and holding the button on the DCS for four seconds will place the 
speaker into Privacy Mode. As the user continually touches the DCS button, all LED segments 
will turn purple; when all three LED segments are lit purple, the speaker is in Privacy Mode. If 
a call comes into the classroom when the station is in Privacy Mode, the microphone will be 
disabled; the user in the classroom can touch the DCS once and it will allow talkback. Once 
the call ends, the classroom will need to manually return the speaker into Privacy Mode, if 
desired. The user can disable Privacy Mode without placing a call by pressing and holding the 
button on the DCS for four seconds. As the user continually touches the DCS, all LED 
segments will turn blue. When all three LED segments are lit blue, the speaker is no longer in 
Privacy Mode. Systems that require mechanical or membrane switches to achieve Privacy 
Mode shall not be considered equal. 
 

9. The colors specified above are created by three RGB full spectrum LED segments to provide 
installers and users with visual status and feedback when installing and using the DCS. When 
the DCS is being installed and the power is connected before the signal, the LED will light red. 
It will also light red if the speaker in the classroom stops communicating with the Nyquist 
System Controller, indicating a problem with the station. 
 

10. In addition to providing visual call status indications, a call confirmation audio file shall be 
played on the associated loudspeaker when a call is placed via a DCS. The three call-in levels 
shall have distinct audio confirmation messages: 

 
a. Call Placed 
b. Urgent Call Placed 
c. Emergency Call Placed 

 
11. Emergency Link Transfer – If an Emergency call is unanswered by the VoIP Admin Phone and 

the Emergency Link Transfer is active, the Emergency call will be forwarded to the loudspeaker 
associated with the Emergency Link Station. Any station equipped with a loudspeaker can be 
programmed as the Emergency Link Station. Systems that do not provide Emergency Link 
Transfer shall not be considered equal. 
 

K. Bogen Analog Call Switch CA-15C for use with the Nyquist ASB or NQ-GA10P(V) 
 
1. The momentary Call Switch shall be capable of placing a combination of 

Normal/Urgent/Emergency Calls based on the software configuration of the Call Switch. 
 

2. Normal/Emergency call configuration:  Making a Normal call in this mode involves pressing the 
button on the Call Switch once. A call is then placed to the designated Admin Station. An 
Emergency call involves pressing the call switch at least four times. The Emergency call is then 
routed to the designated Admin Station. In both scenarios, the calling station number and call-
in level (Normal or Emergency) are displayed on the Admin Station or on a group of Admin 
Stations. Additionally, Emergency calls can be routed to an alternative Admin Station or 
Emergency Link. 
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3. Urgent/Emergency call configuration:  Making an Urgent call in this mode involves pressing the 

button on the Call Switch once. A call is then placed to the designated Admin Station. An 
Emergency call involves pressing the button on the Call Switch at least four times. The 
Emergency call is then routed to the designated Admin Station. In both scenarios, the calling 
station number and call-in level (Urgent or Emergency) are displayed on the Admin Station or 
on a group of Admin Stations. Additionally, Emergency calls can be routed to an alternative 
Admin Station or Emergency Link. 
 

4. Emergency Only call configuration: Making an Emergency call in this mode involves pressing 
the Emergency call switch with Call Level Emergency one time. The call is then switched to the 
Admin Station. This requires the display of the station number and call-in level on the Admin 
Station or on a group of Admin Stations. Additionally, Emergency calls can be routed to any 
Admin Station, including Emergency Link. 
 

5. Emergency Link Transfer - If an Emergency call goes unanswered by the Admin Station and 
the Emergency link transfer is active, the Emergency call will be forwarded to the loudspeaker 
associated with the Emergency Link Station. Any station equipped with a loudspeaker can be 
programmed as the Emergency Link Transfer. Systems that do not provide Emergency Link 
Transfer shall not be considered equal. 
 

6. In addition to the mechanical click of a Call Switch button press, a call confirmation audio file 
shall be played on the associated loudspeaker when a call is placed. The three call-in levels 
shall have distinct audio confirmation messages: 

 
a. Call Placed 
b. Urgent Call Placed 
c. Emergency Call Placed 

 
L. The Nyquist plenum-rated amplifier shall be a model NQ-GA20P2 20-watt integrated amplifier and 

shall utilize UL 2043 plenum-rated packaging.  
 
1. One 20 watt 8-ohm speaker output (with PoE+) 
2. One Balanced Line Output  
3. RJ-45 for Nyquist network connection 
4. Power-over-Ethernet Plus (PoE+) 802.3at compliant 
5. Nyquist network-based audio output Web-based configuration 
6. Power and Status LEDs 
7. In-wall, in-ceiling, shelf, or device mountable UL 2043 plenum-rated package 
8. Optional 48VDC External Power Supply (PS4830W; sold separately) 
 

M. The Nyquist plenum-rated amplifier shall be a model NQ-GA20P2 20-watt integrated amplifier and 
shall utilize UL 2043 plenum-rated packaging. The amplifier shall be capable of being powered with 
an 802.3at compliant Power-over-Ethernet Plus (PoE+) switch, PoE+ power injector, or 48VDC 
external power supply PS4830W. The amplifier shall provide a frequency response from 20-20 kHz 
+/- 0.25 dB at rated power. Distortion shall be less than 0.05% THD+N. The amplifier shall include 
GUI based configuration. Output shall be provided for both line level or 8-ohm speaker connections. 
Audio line level output shall be 2.2V RMS @10kΩ (+27 dB) electronically balanced. 
 

N. The Nyquist based two channel amplifier shall be a model _____, rated at ____ watts RMS per 
channel (NQ-A2060/2x60 watts, NQ-A2120/2x120 watts, and NQ-A2300/2x300 watts) with switch 
selectable 2-Channel or 1-Channel bridged operation. The amplifier shall have one dedicated 
Balanced Line Input. The amplifier shall provide a frequency response from 20-20 kHz +/- 0.25 dB 
at rated power. Distortion shall be less than 0.03%. The amplifier shall include GUI based DSP 
controls; 16-band Graphic Equalize; Signal Present and Clip Monitor; Adjustable High Pass, Low 
Pass, and Bandpass Filters; Noise Gate; Compressor/Limiter; and 7-band Parametric Equalizer. 
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Outputs shall be provided for 4-, 8-ohm, 25V, and 70V distributed systems. The amplifier shall be 
rack mountable 1/2 Rack Width - Wall, Rack, or Shelf mountable 1RU and 2RU packages or by 
using a 19” Rack Mount Kit (NQ-RMK03; sold separately). It shall carry the necessary safety 
agency listings for both the US and Canada. The amplifier shall employ convection air cooling. 
Amplifiers that require fans for cooling shall not be considered equal. 
 

O. The Nyquist based four channel amplifier shall be a model _____, rated at ____ watts RMS per 
channel (NQ-A4060/4x60 watts, NQ-A4120/4x120 watts, and NQ-A4300/4x300 watts) with switch 
selectable 4-Channel or 2-Channel bridged operation. The amplifier shall have two dedicated 
Balanced Line Inputs with both Phoenix plug and XLR connections for each input. The amplifier 
shall provide a frequency response from 20-20 kHz +/- 0.25 dB at rated power. Distortion shall be 
less than 0.03%. The amplifier shall include GUI based DSP controls; 16-band Graphic Equalizer; 
Signal Present and Clip Monitor; Adjustable High Pass, Low Pass, and Bandpass Filters; Noise 
Gate; Compressor/Limiter; and 7-band 
 

P. Nyquist NQ-T1100 VoIP Admin Phone – Color Touch Display (Admin Station) 
 
1. The Nyquist Admin Station shall have the following features: 

 
a. 7” 800 x 480-pixel color display with backlight 
b. Touch screen display for one touch operation 
c. Full-duplex hands-free speakerphone with AEC 
d. Call hold 
e. Mute 
f. Redial, call return, auto answer  
g. PoE (802.3af) Class-3 support 
h. Headset with EHS support 
i. Dual Gigabit Ethernet ports 
j. Desk Mountable 
k. Optional Wall mount capable 

 
2. The Nyquist Admin Station display panel shall show the time of day and day of week, the 

current bell schedule(s), and the station numbers and call-in priority of staff stations that are 
calling in. Depending upon the system programming, an Admin Station shall display menus to 
activate Zone Paging, All-Call Paging, Emergency All-Call Paging, District All-Call paging, 
alarm signals, and external functions. 
 

3. The Admin Station shall be capable of calling either the loudspeaker or Staff Station at each 
classroom location. 
 

4. The Admin Station shall display the classroom number of any station that calls 911. This allows 
front-office administrators to direct emergency personnel to the correct physical location in the 
building when they arrive. If a system is not connected to outside phone lines, then 911 calls 
can be routed to a designated station within the facility. The system shall automatically record 
all 911 calls made from any station. The 911 call recording shall begin as soon as 911 is dialed 
and continue unit the call is terminated. Recorded calls shall be maintained on the system for 
later playback review and/or retrieval by authorized personnel and/or authorities. Systems that 
do not provide this feature will not be deemed equal. 

 
Q. Nyquist NQ-T1000 Staff VoIP Phone – LCD Display (Staff Station) 

 
1. Nyquist Staff Station shall have the following features: 

 
a. 132 x 64-pixel graphical LCD with backlight 
b. Two-port 10/100M Ethernet Switch 
c. Full-duplex hands-free speakerphone with AEC 
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d. Call hold 
e. Mute 
f. Redial, call return, auto answer  
g. PoE (802.3af) Class-3 support 
h. Dual-color (red or green) illuminated LEDs for line status information 
i. Two 10/100M Ethernet ports 
j. Wall or desk mountable 

 
2. The classroom Staff Station shall be capable of the following features depending on how the 

station CoS is configured: 
 
a. Emergency intercom call – Staff Stations shall be capable of making an Emergency 

intercom call, which is then routed to the assigned Admin Station. This requires the display 
of the architectural number and call in level on the Admin Station. Systems that do not 
provide this feature are not equivalent. 

b. Speed dial 
c. Toggle audio distribution on and off 
d. Call Forward activation and deactivation for All-Calls/Busy/No Answer/Busy or No Answer 
e. Conference Calling 
f. Transfer Call 
g. Dial Administrative station– Staff Stations can allow the user to dial the station number to 

call to the Admin phone or its associated speaker. The call shall be routed to the Admin 
Station showing the architectural number that is calling. 

h. Emergency All-Call – An emergency page shall be broadcasted to all the stations in the 
facility. 

i. Place Outside Call 
j. Remote Answer 
k. Single-Zone/All-Station Page 
l. Call Waiting Tone for Outside Calls – It shall be possible to feed the call waiting tone to the 

Administrative Phone during a conversation. 
m. Transfer call from VoIP speaker in classroom down to an associated Staff Station 
n. Transfer call from analog speaker in classroom down to an associated Staff Station 
o. Transfer call from VoIP Staff Station in classroom up to an associated VoIP speaker 
p. Transfer call from Staff Station in classroom up to an associated analog speaker 

 
R. Additional Loudspeakers for use with the Nyquist ASB 

 
1. 25-Volt Classroom Speakers shall be Bogen: 

 
a. Ceiling Mounted Speakers: CSD2X2U Drop-In Ceiling Speaker 
b. Ceiling Mounted Speakers: S810T725PG8U Ceiling Speaker 
c. Wall Baffle Speakers: MB8TSQ/SL Metal Box Speaker 

 
2. 25-Volt Hallway Speakers shall be Bogen: 

 
a. Ceiling Mounted Speakers: CSD2X2U Drop-In Ceiling Speaker 
b. Ceiling Mounted Speakers: S810T725PG8U Ceiling Speaker 
c. Wall Baffle Speakers: MB8TSQ/SL Metal Box Speaker 

 
3. 25-Volt 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 Re-entrant Horn Loudspeakers 
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4. 25-Volt Common Area Speakers shall be Bogen: 

 
a. OCS1 Orbit Ceiling Speakers 
b. OPS1 Orbit Pendant Speakers 

 
 
2.04 SYSTEM CAPABILITIES 

 
A. The communication system shall be a Bogen Nyquist E7000 Series Educational System and shall 

provide a comprehensive communications network between administrative areas and staff 
locations throughout the facility. 
 

B. The system shall provide no less than the following features and functions: 
 
1. Software-based, state-of-the-art, Voice over IP (VoIP) paging and intercom solution. 

 
2. The system shall provide a Web User Interface (Web UI) that shall allow users to configure and 

control the system, in accordance with their assigned User Role, from any Chrome or MS Edge 
Web browser enabled PC, Mac, or Android tablet or mobile device. 
 

3. Amplified-voice communication with analog loudspeakers shall use a shielded audio pair when 
connected to an ASB. 
 

4. The system shall support any combination of the following VoIP phone station types: NQ-T1100 
Administrative VoIP Phone – Color Touch Display (Admin Station) or NQ-T1000 Staff VoIP 
Phone – LCD Display (Staff Station). 

 
a. All VoIP phone station types shall utilize the same type of field wiring. 
b. There shall be no limit to the number of Admin Stations that can be connected to a facility. 

Systems that require different head-end equipment to make Admin Stations function, or 
systems that limit the number of Admin or Staff Stations shall not be deemed acceptable. 

 
5. Future station alterations shall only require the Station Type to be changed in system 

programming. Alterations shall not require field wiring or system head-end alterations, unless 
an analog station device is being replaced by a VoIP station device or vice-versa. 
 

6. The system shall be a global non-blocking system. The system shall be capable of unlimited 
amplified intercom paths per facility. Two amplified intercom paths shall be provided with each 
ASB for its complement of 24 stations. All hardware, etc., required to achieve the necessary 
number of amplified-voice intercom channels for this system shall be included in this submittal. 
ASB 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 voice switching 
sensitivity and delay times of the VOX circuitry on the ASB. 
 

7. The system shall provide 911 Dial-Through via outside FXO/FXS lines or SIP trunks to ensure 
that one or more lines are always available for 911 calls. The 911 Dial-Through is available to 
any properly configured station (via CoS). When a station dials 911, the 911 call is processed 
as follows: 

 
a. Call routes to an Emergency Group where the call can be answered. 
b. The 911 CO lines can 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, then one of the ongoing calls shall be disconnected and the 911 call shall be placed. 
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c. When 911 is dialed from any station, its designated Admin Station or Admin Group will 
receive a message that the station has dialed 911. 

d. The system shall automatically record all 911 calls made from any station. The 911 call 
recording shall begin as soon as 911 is dialed and shall continue until the call is terminated. 
Recorded calls shall be maintained on the system for later playback review and/or retrieval 
by authorized personnel and/or authorities. 

 
8. It is of highest importance that Emergency calls from stations receive prompt attention. 

Therefore, it is important that there be an alternative destination in case the Emergency call 
does not get answered at the primary location. Details are as follows: 
 
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 Admin Station or Admin Group. Should that Emergency call go unanswered for 
15 seconds, the call shall be re-routed to an alternative speaker station. Then, a tone will 
prompt the caller to make a verbal call for help and annunciates to the Emergency link 
station “Emergency.” During the transfer, the original administrative telephone shall 
continue to ring the distinctive Emergency Ring. Should the Emergency Transfer-to-Station 
have an associated Admin Station, it will also ring for the Emergency call. 

b. The Emergency Transfer-to-Station shall be software configurable. 
c. Systems failing to transfer unanswered Emergency calls or failing to immediately connect 

to the designated Admin Station shall not be deemed as equal. 
 
9. There shall be a Facility Wide Emergency All-Call feature. The Emergency All-Call shall be 

accessed from designated Admin Stations or the Nyquist Dashboard or by the activation of an 
external contact closure that shall give a microphone 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 Emergency calls are to be treated with the highest level of concern, 

systems that do not regard Emergency All-Call with the highest priority shall not be deemed 
as equal. 

b. Upon touching the Directory icon, a menu shall appear on the Admin Station display 
prompting the user to select the desired menu. 

c. The Emergency All-Call shall capture the highest-level system priority and shall be 
transmitted over all speakers in the facility. It shall also be capable of activating an external 
control output, which can be used to activate external relays to automatically override 
volume controls, local sound systems, or strobe circuits. 

d. This Emergency All-Call feature can have a four-digit pin number associated with it that 
would be required to use the feature or override someone that is already using this feature. 

e. Systems without Emergency All-Call or systems with All-Call that cannot be activated by 
external means or that do not capture complete system priority or activate an external relay, 
shall not be acceptable. 

 
10. There shall be unlimited Alarm Tones (four by default). Each may be accessed by dialing *91 

and the two-digit tone number from any Admin Station, SIP Trunk, or FXO/FXS system 
interface. These Alarm Tones are separate from the Time Tones. Users shall be able to add 
an unlimited number of Alarm Tones to the system by uploading MP3 or WAV files. Systems 
that do not allow the user to upload MP3 and WAV files to customize the Alarm Tones or need 
to use external alarm/tone generators or special software or have less than four Emergency 
Alarm Tones shall not be acceptable. 
 

11. Upon touching the Directory icon on an Admin Station, a menu shall appear on the display 
prompting the user to select from the sub-menus. The Alarms sub-menu is the first available. 
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This precludes the user from having to memorize complicated key sequences to access Alarm 
Tones. 
 

12. There shall be unlimited I/O Controller relay driver outputs accessible and controllable by 
properly authorized users via an Administrative Web UI. These outputs remain set until 
accessed and reset. Users shall have the ability to review the status of each relay driver output. 
Users shall be prompted through fields via a plain English menu, precluding users from having 
to remember any dialing sequences to control this feature. The system shall support an 
unlimited number of I/O Controllers, and each I/O Controller shall be able to interact with any 
and all other I/O Controllers on the system (i.e., an input on one I/O Controller can trigger an 
output on one or more different I/O Controllers). Systems that require the user to remember 
complicated dialing schemes or prompt the user via cryptic commands shall not be acceptable. 

 
13. The I/O Controller can create a contact closure when the following operations are performed 

in the system: 
 

a. 911 call placed 
b. Audio Distributed 
c. Alarm is played 
d. Announcement is played 
e. All-Call preformed 
f. Multi-Site All-Call performed 
g. Multi-Site Emergency-All-Call 
h. Emergency-Call 
i. Emergency-All-Call 
j. Audio-Disabled 
k. Page 

 
14. The system shall provide software controlled and programmable control outputs for external 

relay activation for use with strobe lights, magnetic locks, card access systems, motion 
detectors, cameras, or any low-voltage, dry contact creating device. Systems using dedicated 
security stations for control of external functions shall not be acceptable. 
 

15. The system shall be capable of interfacing to PSTN/PBX/iPBX via both FXO/FXS line and SIP 
trunk connectivity.  
 

16. The system shall be capable of providing each facility (i.e., (i.e., Nyquist location) an unlimited 
number of incoming FXO/FXS or SIP trunk lines that can be designated by the user to ring the 
designated Day Admin or Night Admin. Where an Admin Station is designated to receive 
outside line calls, the incoming call’s Caller ID information shall appear on the display. The 
system shall also provide the ability to make outside line calls from Admin Stations. This ability 
shall be programmable for each Admin Station and there shall be an unlimited number of CoS 
available to assign to any station. 
 

17. The system shall be capable of supporting DID, DISA, and Security DISA functions. 
 

a. The system shall provide a password-protected Security DISA feature that shall only be 
accessible from authorized Police, Fire, Emergency personnel, or an off-premise security 
office that monitors the facility’s security system. The Security DISA feature shall function 
as follows: Upon dialing the Security DISA phone number, the caller will receive a dial tone 
from the system, after which he or she must enter the assigned Security DISA passcode 
on the dial pad. Upon confirmation, the system will present the dial tone again and will 
allow the authorized personnel to dial any station/classroom on the system and monitor 
the activity without any pre-announce tone or privacy beep. This will allow the authorized 
personnel to audibly assess the situation and determine what actions need to be taken. 
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b. All DISA and Security DISA calls shall be automatically recorded by the system for later 
playback review and/or retrieval by authorized personnel and/or authorities. 

 
18. The system shall provide for field-programmable three-, four-, five-, or six-digit architectural 

station numbers. 
 

19. There shall be an automatic level control for return speech during amplified-voice 
communications. 
 

20. Each station loudspeaker shall be assignable to all or any combination of Paging, Time, and/or 
Audio Zones. Systems that do not provide unlimited Paging, Time, and/or Audio Zones shall 
not be acceptable. 
 

21. There shall be unlimited schedules with unlimited programmable events per facility. Each event 
shall sound one user-selected tone or external audio source. It shall be possible to assign each 
schedule to a day of the week or to manually change schedules from an authorized user via a 
web-based UI. Systems that do not provide unlimited schedules, events, and tones, or that 
require software to be installed on a PC to perform these functions shall not be acceptable. 

 
a. The system shall provide multiple concurrent schedules per facility/location to 

accommodate split facilities (for example., combined Elementary and Middle School, 
combined Middle and High School, etc.). 

b. The system must be capable of providing Class Change Music to be played from an 
external audio source or audio files that are stored in playlists on the system during class 
change periods or whenever a facility wants music to be played in an area (i.e., (i.e., one 
or more Time Zones) on an automated schedule. 

c. Each event shall be able to be directed to any one or more of the unlimited Time Zones. 
d. Each of the unlimited Time Zones shall have a programmable, customizable Preannounce 

Tone and volume control that is unique unto itself. 
e. Each event shall play any of the Normal tones or external audio. Each event may utilize a 

different tone. For example, the system shall be capable of sending the gymnasium, shop 
classes, and pool a separate, unique time tone to indicate “clean up.” Minutes later, the 
entire facility can be sent a different time tone to indicate class change. 

f. Each of the unlimited Time Tones may be manually activated by selected VoIP Admin 
Phones or via an authorized user with access to the Web UI. These tones shall remain 
active as long as the telephone remains off-hook or until canceled from the keypad or the 
Nyquist Web UI. 

g. Systems that do not provide an unlimited number of schedules or do not provide automatic 
activation of schedules shall not be acceptable. 

 
22. Internal Master Clock shall be included, allowing an unlimited number of events per facility. 

Systems that do not provide an internal master clock or that must supply an external master 
clock to meet these specifications shall not be acceptable. 
 

23. The Nyquist E7000 is capable of synchronizing with an NTP server and automatically adjusting 
the Daylight Savings Time for any time zone in the world. The server that the Nyquist E7000 
application is running on can also be used as an NTP server for other systems on the LAN (for 
example, IP Clocks and control systems). 
 

24. There shall be a Zone Page/All-Call Page feature that is accessible by selected Admin Phones 
and FXO/FXS or SIP connection to the PSTN or PBX/iPBX. 
 

25. There shall be an option to play a pre-announce tone at any loudspeaker selected for voice 
paging. 
 



DIVISION 17 INTERGRATED COMMUNICATION 
SECTION 17300 BOGEN NYQUIST E700 SERIES IP BASED COMMUNICATION SYSTEM 

 

17300 - 28 

26. There shall be a voice-intercom feature that is accessible by CoS authorized staff phones, all 
Admin VoIP phones, and Admin Web UIs. 

 
a. There shall be a privacy beep played every 15 seconds at any selected loudspeaker to 

indicate that an intercom call is in progress. 
b. There shall be a pre-announce tone played at any selected loudspeaker for intercom call 

communication. 
c. For special applications, the privacy and pre-announce tone signals shall be capable of 

being disabled during system initialization. 
d. There shall be a switch over to private telephone communications should the person at the 

classroom loudspeaker pick up his or her Staff Station and dial *3 to transfer the call down 
to the associated classroom Staff Station. 

 
27. There shall be various levels of telephonic communication accessible by all Admin Stations 

and Staff Stations. 
 
a. Staff Stations must be capable of being programmed to ring one Admin Station during day 

hours and a different Admin Station during night hours. Day and Night start hours shall be 
configurable. Staff Stations shall be capable of being assigned to any Admin station. 
Systems that limit the number and assignment of staff call-ins to an Admin Station shall 
not be acceptable. 
 

28. Each VoIP speaker or ASB speaker equipped with a call switch (analog or digital) shall be 
configurable as one of three call-in types, as follows: 
 
a. Normal/Emergency 
b. Urgent/Emergency 
c. Emergency 

 
29. Call buttons programmed for access Normal / Emergency or Urgent / Emergency shall be able 

to initiate an Emergency call by repeated flashing of the phone’s hook switch, or repeated 
pressing of the DCS or the Call Switch. Systems that require additional switches and/or 
conductors to initiate an Emergency call, shall not be acceptable. 
 

30. Normal and Urgent calls shall be placed into the queue for the designated Admin Station or 
Admin Web UI. 
 

31. Each Admin Station call queue shall first be sorted per call priority (for example, Emergency, 
then Urgent, and then Normal). 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 
that do not sort calls per priority and order received shall not be acceptable. 

 
a. The display shall simultaneously display a minimum of three intercom calls pending. 
b. Additional calls beyond three shall be indicated by a scrolling option on the right-hand side 

of the screen thus prompting the user that additional calls are waiting. 
 
32. It shall be possible to answer any incoming call by picking up the handset while it is ringing. It 

shall not be necessary to press any buttons to answer a call unless the call has dropped into 
the queue. 
 

33. Staff Stations shall receive a 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, dials *3, and presses Enter/OK. 
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34. Staff Stations shall be programmable for any type of system access, provided by or restricted 
by the following CoS options: 

 
a. CoS Name 
b. Call-in Level 
c. Zone Paging 
d. All-Call Paging 
e. Emergency All-Call 
f. Inter-Facility Call/Page 
g. Audio Distribution 
h. Remote Pickup 
i. Join Conversation 
j. Call Forwarding 
k. Walking Class of Service 
l. External Call Routing 
m. Call Transfer/3-way Calling 
n. Manually Activate Tone Signals 
o. Call Any Station 

p. Manage Recordings 
q. Monitor Calls 
r. Monitor Locations 
s. Conference Admin 
t. Conference User 
u. Voicemail 
v. Record Calls 
w. Activate Alarm Signals 
x. Disable Audio 
y. Enable Audio 
z. Allow Callee Auto-answer 
aa. District Paging 
bb. Inter-Facility Features 
cc. Manage Output Contacts 
dd. Execute Routines 

 
35. Each Station in a facility can have a unique CoS programmed with an unlimited number of CoS 

combinations. 
 

36. Staff Stations shall be able to make a Normal call to any Admin Station by dialing the Admin 
Station’s extension number. Staff Stations shall also be able to initiate an Emergency Intercom 
Call by dialing ****. Emergency Calls shall ring the Designated Day/Night Admin Station. The 
system shall provide for each station to have a Personal Identification Number (PIN). By dialing 
the PIN at any system telephone, the administrator shall have access to Emergency paging 
regardless of the restrictions on the phone being used. 

 
37. Admin Stations shall receive a 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 or her handset. 

 
38. The display shall normally show the time of day and day of week, bell schedule name, and the 

numbers of a minimum of three stations calling-in, along with the call-in status of each station 
(Normal, Urgent, Emergency). The Admin Station’s display shall indicate the station number 
being dialed from the Admin Station. 

 
39. The display shall also provide user-friendly menu selections to assist the operator when using 

the Nyquist system. Displays shall be in English for maximum ease-of-use. Systems that 
require the operator to memorize long lists of operating symbols or control codes shall not be 
acceptable. 

 
40. Admin Stations shall be programmable for any type of system access, providing or restricting 

the following CoS options: 
 

a. Call-in Level 
b. Zone Paging 
c. All-Call Paging 
d. Emergency All-Call 
e. Inter-Facility Call/Page 
f. Audio Distribution 
g. Remote Pickup 
h. Join Conversation 

i. Call Forwarding 
j. Walking Class of Service 
k. External Call Routing 
l. Call Transfer/3-way Calling 
m. Manually Activate Tone Signals 
n. Call Any Station 
o. Manage Recordings 
p. Monitor Calls 
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q. Monitor Locations 
r. Conference Admin 
s. Conference User 
t. Voicemail 
u. Record Calls 
v. Activate Alarm Signals 
w. Disable Audio 

x. Enable Audio 
y. Allow Callee Auto-answer 
z. District Paging 
aa. Inter-Facility Features 
bb. Manage Output Contacts 
cc. Execute Routines

 
41. Program selection and its distribution or cancellation shall be accomplished from a designated 

Admin Station with the assistance of the menu display system. Distribution and cancellation 
shall be to any one or combination of speakers, any Audio Zone or Audio Zones, or All Zones. 
It shall be possible to provide an unlimited number of program channels for the user to pick 
from. 
 
a. It shall be possible via an Admin Station to manually initiate any of the unlimited Normal 

Tones or Emergency Tones. The Tones shall be separate and distinctly different from the 
Alarm Tones. The Tone selected shall be capable of being played one time, continuously 
until it is canceled, or until the administrative display phone is placed back on-hook. 

b. Each Admin Station shall maintain a unique queue of all stations calling that Admin VoIP 
phone. 

 
42. VoIP Wall Baffle and VoIP Ceiling Speakers shall be configurable as either a VoIP Speaker 

Only or as a VoIP Speaker with DCS. 
 
a. The Bogen Nyquist VoIP speakers are powered via PoE. Use an 802.3af compliant PoE 

network switch port or PoE Injector to power these speakers. One PoE network switch port 
or PoE Injector is required per VoIP speaker. 

b. VoIP speakers can be equipped with a DCS that can be programmed as a 
Normal/Emergency, Urgent/Emergency, or Emergency Only and shall be able to initiate an 
Emergency call by touching the DCS one, two, or three times depending on the CoS and 
current call state of the DCS. If the station is authorized for Privacy Mode, the users can 
touch and hold for 4 seconds to enable Privacy Mode or hold for four seconds to disable 
Privacy Mode. Systems that require mechanical, membrane, or an additional number of 
switches to initiate an Emergency call, shall not be acceptable. 

c. Emergency Calls from VoIP Speaker with DCS shall have priority over the Normal and 
Urgent calls in the queue on the Admin Stations and will show up at the top of the list. 
Systems that do not provide priority for Emergency Call shall not be acceptable. 

 
d. Normal and Urgent calls shall be logged into queue for the designated Admin Stations. 

 
1. Admin Stations shall ring for when they receive a call, and then the call will be removed 

from the queue when the call is answered or when the Admin Queue times out (default 
is 30 minutes). 

 
e. Each queue call shall first be sorted by call priority (Emergency, then Urgent, and then 

Normal). 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 that do not sort 
calls by priority and order received, shall not be acceptable. The display shall 
simultaneously show a minimum of three staff calls pending. Additional staff calls beyond 
three shall be indicated by an arrow pointing down thus prompting the Admin user that 
additional calls are waiting. 

f. 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. 
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43. System programming shall be from an authorized Nyquist Admin User via any web browser. A 

valid username and password shall be required to gain access to the following programmable 
functions: 
 
a. System Parameters – Allow installers to adjust core system parameters. 
b. Zones – Allow installers to create and modify Paging, Time, and Audio Zones. 
c. Schedules – Allow installers and administrators to create Bell Schedules for the facility, 

predefine alternative schedules to run. Holiday Events prevent the bells from ringing on a 
school holiday. The system shall allow an unlimited number of schedules to operate 
simultaneous within a facility. 

d. Admin Groups – Allow the installer to create, modify, and delete software groupings of 
admin phones that can ring when a station calls in with a call switch. 

e. CoS Configuration – Allow the installer to create, modify, and delete CoS groups that can 
have the following features defined: Call in Level, Zone Paging, All-Call Paging, Emergency 
All-Call, Inter-Facility Call/Page, Audio Distribution, Remote Pickup, Join Conversation, 
Call Forwarding, Walking Class of Service, External Call Routing, Call Transfer/3-way 
Calling, Manually Activate Tone Signals, Call any Station, Manage Recording, Monitor 
Calls, Monitor Locations, Conference Admin, Conference User, Voicemail, Record Calls, 
Activate Alarm Signals, Disable Audio, Enable Audio, Allow Callee Auto-answer, District 
Paging, Inter-Facility Features, and Execute Routines. 

f. Stations – Allow the installer to set up, modify, delete stations, set up Page Exclusion, view 
stations’ status, and add a station. 

g. Bridge Devices – Allow the installer to install the Nyquist ASBs. 
h. Audio – Allow the installer to upload and manage Announcements, Playlists, 

Announcements, Songs, and Tones. The must support the uploading of both MP3 and 
WAV files making Audio file management simple for users. Systems that limit the size of 
Audio files shall not be considered equal. 

i. Users – Allow the installer to manage users by giving them the proper Role and assign an 
Extension if needed. 

j. Roles – Allow the installer to limit user to the following: create, delete, edit, restart server, 
sort menu, systems update, manage, import/export, restore, settings, or view. 

k. Facilities – Allow the installer to set up the district wide facilities for remote paging and 
calling. 

l. Outside Line – allow the installer to set up FXS and FXO ports for inbound and outbound 
system calling. 

m. SIP Trunks – allow the installer to set up SIP trunks into the facility for inbound or outbound 
calling. 

n. Call Details – allow the installer to review the historical system activities that can be used 
for incident investigation or system troubleshooting. 

o. System Backup/Restore – allow the installer to preform system backup or restores and 
allow the backups to be schedule to run automatically. 

p. System Logs – allow the installer to view and export Server, Nyquist-Intercom, and Web 
Server logs that can be used for trouble shooting and technical assistance. 

q. Paging Exclusions – allow the installer to view and edit station that are excluded from 
paging. 

r. Firmware – is used to update Nyquist appliances. 
s. Routines – Allow installers to create routines that are a sequence of actions, that the 

Nyquist system executes as a result of an input trigger. Routines can support crisis plans 
for situations such as school lockdowns, weather events, or emergency evacuations 

t. Alert Filters – Allow installers to select the National Weather Alerts that the facility needs 
to monitor for such as weather events, earthquakes, tsunami, volcanoes, public health, 
power outages, and many other emergencies. 
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u. Help –Provides information about the system, online help topics, and System Administrator 
Manual. 

v. Systems not capable of supporting web-based configuration and control, or require plugins 
or dedicated application software, shall not be deemed as equal. 

w. Systems that require a Serial-to-Ethernet converter, or require additional application 
software on a PC for configuration and/or control shall not be deemed as equal. 

 
44. Admin Groups 

 
45. Admin Stations can be placed into Admin Groups, which are used if incoming calls are not 

answered by the assigned Admin Station or the Day or Night Admin associated with the Admin 
Station. Admin Groups act as an always answer feature by providing an alternate list of Admin 
Stations. If an incoming call is not answered by the assigned Admin Station within 30 seconds 
for normal calls or 15 seconds for emergency calls, all Admin Stations in the Admin Group will 
ring. 

 
46. If Call Forwarding is enabled at the Admin Station, Nyquist tries the forwarded extension. If that 

station does not answer or is busy, the call timeout is reduced to 15 seconds. After 15 seconds, 
the call rolls over to the Admin Group. 

 
47. If an Emergency level call receives no answer, the Admin Group will ring if the Day Admin or 

Night Admin does not answer. 
 
48. Admin Stations can be assigned to multiple Admin Groups. A Day or Night Admin can also be 

assigned to one or more Admin Groups. 
 
49. Call Detail Reporting 

 
a. The Call Details feature allows the viewing and/or printing of detail records of every call in 

a facility in a call log format. Calls include scheduled announcements, paging, and 
internally and externally made or received telephone calls. 
 

50. System Backup/Restore 
 
a. The system backup feature allows users with access to back up the system database, 

voicemail, and recordings. 
b. The system restore allows users with access to perform a system restore of previously 

backed up database, voicemail, and/or recordings. 
c. The installer also can set up an automatic backup that can be performed daily, weekly, or 

monthly. 
 
51. System Log Files 

 
a. A log file records either events or messages that occur when software runs and is used 

when troubleshooting the system. The following parts of the Nyquist system generate log 
files: 

 
1. Server (This provides access to the Debian Linux OS server log files.) 
2. Intercom (This provides access to the Intercom application server log files 
3. Web Server (This provides access to the web server log files.) 

 
b. From the web-based UI, system logs can be viewed directly or exported via download to a 

PC, Mac, or Android device and then copied to removable media or attached to an email 
to technical support. 
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52. Paging Exclusions 
 
a. For school testing and exams, the administrators shall be able to put stations into Page 

Exclusion mode. During this time, the stations will only receive Emergency All-Call pages 
– not music, tones, or All-Calls. Emergency pages will still be heard at the station even if 
that station is set to exclude paging. 
 

53. Firmware 
 
a. Installers can manage the available firmware.  Because the Nyquist E7000 is constantly 

evolving and changing new versions of firmware will become available and the Firmware 
section allow installers or authorized users the ability to upload, check for updates, or 
configure the system to automatically download new firmware for later installation.  
Systems that can’t automatically check for new software are not considered equivalent. 

 
 

54. Routines are designed to automatically launch a procedure, or sequence of actions, that the 
Nyquist system executes as a result of an input trigger.   

 
55. Some of the events (triggered by dashboard, IP Phone, I/O Controller contact, or Routines API) 

that can be created are as follows: 
 

a. Lockdown Routines 
b. Emergency Evacuation Routines 
c. Fire Alarm Routines 
d. Weather Alert Routines 
 

56. As you can see the power of Routines can support your facilities crisis plans for situations such 
as lockdown, lockout, weather events, or emergency evacuations. 
 

57. Alert Filters Configuration - The Common Alerting Protocol (CAP) is an international standard 
format for emergency alerting and public warning. It is designed for all hazards related to 
weather events, earthquakes, tornado, tsunami, volcanoes, public health, power outages, and 
many other emergencies. 
 

58. CAP elements and values are used when configuring alert filters for your Nyquist system. This 
part of the configuration allows installers to select or “Enable” or disable the filters needed for 
each facility. This filtered information can then be displayed on the NQ-GA10PV through the 
campus. 

 
59. The growing list of information that can currently be displayed are as follows: 911 Telephone 

Outage, Administrative Message, Air Quality Alert, Air Stagnation Advisory, Arroyo And Small 
Stream Flood Advisory, Ashfall Advisory, Ashfall Warning, Avalanche Advisory, Avalanche 
Warning, Avalanche Watch, Beach Hazards Statement, Blizzard Warning, Blizzard Watch, 
Blowing Dust Advisory, Blowing Dust Warning, Brisk Wind Advisory, Child Abduction 
Emergency, Civil Danger Warning, Civil Emergency Message, Coastal Flood Advisory, Coastal 
Flood Statement, Coastal Flood Warning, Coastal Flood Watch, Dense Fog Advisory, Dense 
Smoke Advisory, Dust Advisory, Dust Storm Warning, Earthquake Warning, Evacuation - 
Immediate, Excessive Heat Warning, Excessive Heat Watch, Extreme Cold Warning, Extreme 
Cold Watch, Extreme Fire Danger, Extreme Wind Warning, Fire Warning, Fire Weather Watch, 
Flash Flood Statement, Flash Flood Warning, Flash Flood Watch, Flood Advisory, Flood 
Statement, Flood Warning, Flood Watch, Freeze Warning, Freeze Watch, Freezing Fog 
Advisory, Freezing Rain Advisory, Freezing Spray Advisory, Frost Advisory, Gale Warning, 
Gale Watch, Hard Freeze Warning, Hard Freeze Watch, Hazardous Materials Warning, 
Hazardous Seas Warning, Hazardous Seas Watch, Hazardous Weather Outlook, Heat 
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Advisory, Heavy Freezing Spray Warning, Heavy Freezing Spray Watch, High Surf Advisory, 
High Surf Warning, High Wind Warning, High Wind Watch, Hurricane Force Wind Warning, 
Hurricane Force Wind Watch, Hurricane Local Statement, Hurricane Warning, Hurricane 
Watch, Hydrologic Advisory, Hydrologic Outlook, Ice Storm Warning, Lake Effect Snow 
Advisory, Lake Effect Snow Warning, Lake Effect Snow Watch, Lake Wind Advisory, 
Lakeshore Flood Advisory, Lakeshore Flood Statement, Lakeshore Flood Warning, Lakeshore 
Flood Watch, Law Enforcement Warning, Local Area Emergency, Low Water Advisory, Marine 
Weather Statement, Nuclear Power Plant Warning, Radiological Hazard Warning, Red Flag 
Warning, Rip Current Statement, Severe Thunderstorm Warning, Severe Thunderstorm 
Watch, Severe Weather Statement, Shelter In Place Warning, Short Term Forecast, Small 
Craft Advisory, Small Craft Advisory For Hazardous Seas, Small Craft Advisory For Rough Bar, 
Small Craft Advisory For Winds, Small Stream Flood Advisory, Snow Squall Warning, Special 
Marine Warning, Special Weather Statement, Storm Surge Warning, Storm Surge Watch, 
Storm Warning, Storm Watch, Test, Tornado Warning, Tornado Watch, Tropical Depression 
Local Statement, Tropical Storm Local Statement, Tropical Storm Warning, Tropical Storm 
Watch, Tsunami Advisory, Tsunami Warning, Tsunami Watch, Typhoon Local Statement, 
Typhoon Warning, Typhoon Watch, Urban And Small Stream Flood Advisory, Volcano 
Warning, Wind Advisory, Wind Chill Advisory, Wind Chill Warning, Wind Chill Watch, Winter 
Storm Warning, Winter Storm Watch, and Winter Weather Advisory. 
 

60. Systems that are not capable of displaying National Weather Service CAP information to give 
advanced warning to facilities shall not be considered equal. 

 
 
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 Nyquist E7000 Series Educational System. 
 

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

 
3.02 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 10 projects of equal scope, giving satisfactory performance, and shall have been 
in the business of furnishing and installing sound systems of this type for at least five years. The 
manufacturer's representative shall be capable of being bonded to ensure 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 that 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. 
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D. The contractor shall furnish a letter from the manufacturer of the equipment. This letter shall certify 
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 years after final acceptance of the project by 
the owner. 
 

 
3.03 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: 
 

B. The conduit, outlets, terminal cabinets, etc., which form part of the rough-in work, shall be furnished 
and installed completely by the electrical contractor.  
 

C. 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 year 
after final acceptance of the project by the owner, shall also be the responsibility of the 
manufacturer's authorized representative. 
 

 
3.04 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 the manufacturer’s approved shop drawings. 
 

B. Low-voltage wiring may be run exposed above ceiling areas where they are easily accessible. 
 

C. The contractor shall install the new system at the location shown on the plans. 
 

D. All Staff Stations and Call Switches shall be wall-mounted: 
 

1. Mount at 54" AFF. 
2. All wiring should be concealed. 
3. Verify exact location with architect. 
4. Avoid mounting near doors to prevent students from activating and running out of the rooms. 
 

E. Admin Stations can be desk or wall mounted. 
 

F. Speaker and telephone lines run above ceiling and not in conduit shall be tie-wrapped to a 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 Analog Speaker transformer using UL butt splices for #22 AWG wire. 
 

H. Contractor shall provide a minimum of eight hours of configuration and operational instruction to 
school personnel. 

 
I. On the first school day following installation of the Nyquist System, the contractor shall provide a 

technician to stand by and assist in system operation. 
 

J. Mark and 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. 
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K. 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 40 Watts (@25V) maximum per zone. 
3. All hallway speakers shall be tapped at 1 Watt (@25V) maximum. 
4. All outside horns shall be tapped at 3.75 Watts (@25V) maximum. 
5. All classroom speakers shall be tapped at ½ Watt (@25V) maximum. 
6. Large rooms, such as cafeterias, shall be tapped at 2 Watts (@25V) maximum. 
 

L. 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. 
 

M. 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 and B 
wire-ties, or hook and loop cable management. Edge protection material shall be installed on edges 
of holes, lips of ducts, or any other point where cables or harnesses cross a metallic edge. 
 

N. 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.  
 

O. 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 the same manner as conductors. 
 

P. Provide complete “in service" instructions of system operation to school personnel. Assist in 
programming of telephone system. 
 

 
3.05 GROUNDING 

 
A. The contractor shall 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 ensure permanent and effective grounds. 
 

B. The contractor shall provide 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 on their drawings the type and locations of these protection devices and 
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. 
 

 
4.01 DOCUMENTATION 

 
A. Provide the following directly to the Supervisor of Technology Services. 
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1. One printed copy of all field programming for all components in system 
2. One copy of all diagnostic software with a copy of field programming data for each unit 
3. One copy of all field wiring runs, location, and end designation of system 
 

 
END OF SECTION 
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SECURITY SYSTEM 
 
Furnish and install all labor, materials and programming to provide complete and operational building 
security system.  
 
The Scope of Work shall include: 
 

a.   Access Control Contractor shall use intrusion software compatible with existing 
GE Networx systems currently being utilized by the school system. Verify with 
owner prior to bid. 

 
b.    Access Control Contractor shall include (1) range testing device for each type 

of wireless security device, if wireless devices are provided, and verify all 
devices are within operational range of their controlling device. Make provision 
for supplying additional controllers as required to provide a fully operational 
system. 

 
c.   Provide dual technology sensors with passive infrared motion and microwave 

sensing where indicated on the drawings, all corridors, connectors, and dining 
areas  

 
d.    Receive coded signal from Fire Alarm panel (excluding “trouble status”). 

 
e.  Provide coded signal from Fire Alarm panel (excluding “trouble status”) to 

indicate alarm status on GFAA. 
 

f.   Communicator programmed to contact Owner’s specified monitoring service. 
 

g.   Vandal-proof controller enclosure. 
 

h. Security Cameras shall be Panasonic to match existing cameras. Equals as 
approved by owner and engineer.  

 
a. Exterior – 360 Fixed Dome HDTV 1080 with HDMI (WV-S455OL) 
b. Interior/Hallway – Multi-Direction Selectable HDTV (WV-X4170) 
c. Vandal Resistant Dome – (WV-S2531LN) 
d. Compact Dome – (WV-S3531L) 
e. Pendant Kit (Where Necessary) 
f. Wall Mount Bracket (Where Necessary) 
g. Corner Mount Bracket (Where Necessary) 

 
i. Provide Video Insight recorders with 24 Terra-Byte (TB) storage and software as 

necessary to accommodate the quantity of inputs required on the job. Include 
all mounting hardware and software. Also include analog to digital encoders as 
necessary to accommodate the existing cameras that are to remain. 

 
The Access Control Scope of Work shall include: 
 

a.   All accessories, equipment, programming and installation needed for a door 
access control system capable of controlling the specific doors as indicated on 
the electrical/security/IC plans and in the architect’s door hardware schedule. 

b.     Multi-Class HID Readers, SE RP10 or equal. Black in color. 
c.     Single multi-conductor plenum rated cable from Nodes to doors. 
d.     Door Access Cable shall be Cat 6, Plenum rated and match existing in color. 
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e.     All associated door contacts and request to exit switches. Wired normally 
closed. 

f.     A “Lock-Down” door over-ride push/pull mushroom button. Pull to activate. 
 
Provide the following in necessary quantities to meet the requirements of the plans and schedules or a 
more current version of the listed equipment: 
 

1. S2 Netbox   S2-NN-E2R-WM 

2. HID Reader   S2-900PTNNEK00460-S2EC 

3. Door Recessed Switch  GRI 195-12WG-W 

4. Armored Door Cords  Enforcer SD-969-S18Q 

5. Lock Conversion Kit  Von Duprin QEL 958003-00 

6. Req to Exit Switch  Von Duprin 0502521 

7. Key Lock Power Supply  Schlage PS906-KL 

8. Battery Back-Up Board  Schlage 900-BB 

9. Relay Board   Schlage 900-4R 

 
 
Access Control and Security System shall be installed by a S2 factory-authorized service organization 
with minimum five years of successful public school installation experience and licensed in N.C. 
 
Access Control System and associated components shall be by S2 to match existing 
school system equipment or as listed above. 
 
 
 

END OF SECTION 
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RELATED DOCUMENTS: 
 
Drawings and general provisions of Contract, including General and Supplementary Conditions and 
Division-1 Specification sections, apply to work of this section. 
 
ACCEPTANCE CRITERIA: 
 
The Owner will verify that all required activities have been performed in a final joint walk-through with the 
Contractor prior to system acceptance. 
 
There shall be no provisions for automatic acceptance.  A phased acceptance test maybe performed; 
however, acceptance of any phase is conditional on the acceptance of the project as a whole.  Full 
payment will only be made after full and complete acceptance of the entire system.  Acceptance shall 
only occur based on the written notification to the Contractor from the Owner.  The following criteria must 
be met: 
 

1. All cables have been tested and shown as meeting all specifications to the satisfaction of 
the Owner.  All test reports required shall have been submitted and approved by the 
Owner assigned project manager. 

  
2. All outlets are completely installed and operational in the specified locations. 

 
3. All required patch panels are installed and operational. 

 
4. All patch cables, cross connects, and extension cables have been delivered. 

 
5. Final as-built documentation has been provided by the contractor. 

 
6. Training and tools have been provided to the Owner cable management personnel in the 

maintenance and use of the installed cabling systems. 
 

7. Each fiber has been tested end-to-end and a written report of signal loss and continuity 
has been provided. 

 
8. All fire-stops have been installed. 

 
9. The site is clean and neat, ready for permanent use by the Owner. 

 
After the interior wiring system is completed and at such time as the Engineer or Owner’s representative 
may direct, the Contractor shall conduct an operating test for approval. The tests shall be performed in 
the presence of the authorized representative of the Engineer and the installation shall be demonstrated 
to operate in accordance with the requirements of this specification.  The Contractor shall furnish all 
instruments and personnel required for the test. The Contractor shall have sufficient tools and personnel 
available at the scheduled inspection to remove panel fronts, device plates, etc., as required for proper 
inspection of equipment, devices and wiring installation as may be required by the inspectors.  Any 
material or workmanship which does not meet with approval of the engineer shall be promptly removed, 
repaired or replaced as directed, at no additional cost to the Owner.  
 
CLEANING AND PAINTING: 
 
Prior to final inspection, all equipment having factory finishes shall be thoroughly cleaned inside and 
outside.  All damaged surfaces shall be replaced or refinished by Contractor, with paint same as original 
manufacturer.  Engineer shall determine whether the damaged surface is to be replaced or painted.  
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RECORD DRAWINGS AND DOCUMENTATION PACKAGE: 
 

1. Record Drawings 
  

a. The Contractor shall maintain accurate records of all deviations in work as actually 
installed from work indicated on the drawings.  On completion of the project, two (2) 
complete sets of marked-up prints shall be delivered to the Architect. 

  
2. Documentation package  

 
a. The successful bidder shall provide one (1) system documentation package on CD 

and one (1) system documentation paper copy for the installed integrated system.  
The documentation package shall provide the owner with a comprehensive guide for 
all operation and maintenance procedures for the “as installed” system.  A system 
block diagram shall indicate the functional relationship between all sub-systems and 
all elements within individual sub-systems.  A cabling schematic shall indicate 
interconnect wiring with respective numbering or other identification codes and 
termination block assignment.  If requested, schematic drawings shall be provided 
for each active and passive circuit used in the completed system.  All schematic 
drawings shall indicate the electrical value of each component and its circuit by use 
of standard electronic symbols.    

 
TRAINING: 
 

A. ICS System 
 

1. Training shall include a minimum of 16 hours of user training for the end user.  Training 
shall be provided at the school or owner designated location in a classroom setting.  
Training shall be divided into two (2) groups, system administrator and teacher.  Training 
shall also include a video and/or audio format on CD-Rom and shall be formatted for use 
on individual CD-Rom. 

 
B. Telephone 

 
1. Training shall include a minimum of 8 hours of user training for the end user.  Training 

shall be provided at the school or owner designated location in a classroom setting.   
 
OPERATING AND MAINTENANCE INSTRUCTIONS:  
 
Unless directed otherwise elsewhere in these specifications, the Contractor shall compile and bind two 
sets of all manufacturer's instructions and descriptive literature on all items of equipment furnished under 
this work. These instructions shall be delivered to the Engineer for approval prior to final inspection.  
Instructions shall include operating and testing procedures and a parts list of all equipment. The 
Contractor shall instruct the Owner's personnel in the proper operation of all systems and equipment. The 
front of the binder shall be titled "Technology Systems Operating and Maintenance Instructions", with 
name of the job and firm name of the Contractor.  
 
WARRANTY: 
 
The Contractor shall submit upon completion of the work, a warranty by his acceptance of the contract 
that all work installed will be free from defects in workmanship and materials.  If, during the period of one 
year, or as otherwise specified from date of Certificate of Completion and acceptance of work, any such 
defects in workmanship, materials, or performance appear, the Contractor shall, without cost to the 
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Owner, remedy such defects within reasonable time to be specified in notice from the Architect.  In 
default, the Owner may have such work done and charge cost to Contractor. 
 

END OF SECTION 
END OF SPECIFICATIONS 
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	SCOPE OF WORK:
	It is the intention of the Specifications and Drawings to call for finished work, tested and ready for operation.
	MECHANICAL DRAWINGS AND SPECIFICATIONS:
	Furnish  - to supply or give
	CODES, PERMITS, AND FEES:
	VERIFICATION OF DIMENSIONS, DETAILS, EXISTING FIELD CONDITIONS:
	ACCEPTABLE MANUFACTURERS:
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	AS-BUILT DRAWINGS:
	MAINTENANCE AND OPERATING MANUALS:
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	INSPECTION AND CERTIFICATES:
	EQUIVALENTS:
	WORKMANSHIP AND MATERIALS:
	WARRANTY:
	CUTTING AND PATCHING:
	END OF SECTION

	15050 methods & materials
	15060 Hangers
	PART I:  GENERAL

	15100 valves-updated
	PART I:  GENERAL

	15150 excav
	15170 motors
	15190 mech id
	15200 h2o supply - updated
	15250 Kit & PVC dwv piping
	15400 plumb fix
	PART II: PRODUCTS
	PART III: EXECUTION
	PART IV: COMMISSIONING


	15405 Plumbing Specialties - updated
	15430 Water Heaters-Updated
	15475 nat gas
	15500 mech insul -updated
	EQUIPMENT INSULATION:
	PART II: EXECUTION

	15682 scroll chiller-Updated
	PART 1:  GENERAL

	15735 cond piping - updated
	15740 Hydronic piping - Steel
	15740A Hydronic Piping - Plastic
	This Section includes pipe and fitting materials, joining methods and specialty items for the following:
	1. Chilled Water piping.
	2. Air control devices – air separators / expansion tanks

	A. Comply with requirements for pipe hanger, support products, and installation as listed below and in accordance with the Hangars specification.
	1. Vertical Piping:  MSS Type 8 or 42, clamps.
	2. Individual, Straight, Horizontal Piping Runs:
	a) Adjustable, steel clevis hangers.
	b) Clamps on strut trapeze.
	c) Clamps on strut attached to structure.
	d) Clamps attached directly to the structure.
	3. Base of Vertical Piping:  MSS Type 52, spring hangers.

	B. Support vertical piping and tubing at base and 10-ft. intervals or at each floor whichever is less. For piping 2” (63mm) or smaller, install mid-story guides.
	C. Install hangers and supports at intervals specified in the applicable Plumbing Code and/or as recommended by pipe manufacturer.
	D. Hangers and supports shall also be provided within 1-foot of every change of direction and within 1-foot of any pipe fittings and valves.
	E. Use care when installing riser clamps to not over tighten the clamps to cause indentation of the pipe. Riser clamps shall be isolated from the building structure by placing felt or rubber pads between the clamp, the pipe and the structure.
	F. All piping support materials shall be new and manufactured for the specific purpose of supporting systems, equipment, pipes and accessories. No improvised pipe support solutions shall be allowed.
	G. Piping systems shall not have direct contact with the building structure.
	EXPANSION AND CONTRACTION
	A. Provide expansion and contraction controls, guides and anchors to take into account the expansion and contraction of the pipe. Provide expansion loops or offsets as required and as indicated in the manufacturer’s literature.
	1. Install anchor points at least every 120 feet.
	2. Install expansion loop or offset between each anchor point. Expansion device must be able to absorb all the stresses between the two anchor points. Refer to manufacturer’s published instructions, formulas and calculations at www.aquatherm.com.
	3. Vertical risers shall be anchored at each floor.
	4. Provide anchor point at branch take-off in vertical riser of piping.
	PRESSURE/LEAK TESTING


	15745 WATERTREAT
	15750 pumps - updated
	PART I - GENERAL
	PART II - PRODUCTS
	TRIPLE DUTY VALVES:
	Units shall consist of angle type body with inlet vanes in two planes to assure uniform flow. Units shall have a combination diffuser-strainer-orifice cylinder with 3/16" diameter openings for pump protection. A permanent magnet shall be located withi...
	EXPANSION TANKS:
	PART III - EXECUTION
	INSTALLATION:
	A. Install pumps in strict accordance with manufacturer’s published instruction manual.  Drawings indicate only general arrangement of piping, fittings, and specialties
	B. Piping installation requirements are specified in other Division 15 Sections.
	C. Install pumps to provide access for periodic maintenance, including removing motors, impellers, couplings, and accessories.
	D. The contractor shall level and grout each unit according to the manufacturer's instructions before alignment and start up.  Level pump by placing shims under frame as required.  Inject non-shrinking grout inside pump base and grout shims.
	E. Support pumps and piping separately so piping is not supported by pumps.
	F. Install shutoff and check valves on inlet of pressure-operated units.
	G. Install inlet strainer and valved bypass to drain at system return connection.
	H. Pull and trim the pump impeller after a proportional balance has been done by the balance contractor.  Hydronic systems shall be balanced in a manner to first minimize throttling losses; then the pump impeller shall be trimmed.  A balance report fr...
	I. Electrical power and control wiring, and connections are specified in Division 16 Sections. Install electrical connections for power, controls, and devices.  Ground equipment.

	Manufacturer shall guarantee the system as installed to be free from manufacturing defects for a period of one year from startup not to exceed eighteen months from shipping to job site under normal use.
	END OF SECTION

	15800 air dist sys wo insul - updated
	15825 fire dampers
	15830 louvers
	15857 fan coil - updated
	15860 exh fan
	15870 Air Filtration - updated
	15900 -  BAS Control System - Niagara 4 Specification, v2_05
	PART 1 - General
	1.1. Applicable Sections
	A. 15900 BAS Sensors and Devices

	1.2. Related Documents
	A. The Contract Drawings are directly applicable to this Section, and this Section is directly applicable to them.
	B. The general provisions of the Contract, including General and Supplementary Conditions and/or Division 01 Specification Sections, are directly applicable to this Section, and this Section is directly applicable to them.
	C. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.
	D. Collectively, these items will be referred to as the Contract Documents.

	1.3. Definitions and Abbreviations
	A. Where definitions in Division 01 conflict with the definitions herein, Contractor will comply with the most stringent requirement.
	B. BAS Component: a generic reference to any hardware component which is provided by Contractor, including but not limited to controllers, power supplies, transformers, relays, actuators, sensors, or other devices.
	C. Building Automation System (BAS): Also referred to as Building Management System (BMS), Direct Digital Control (DDC).
	D. Building Controller: Controller, which is at, and controlling at, the building-level. Could also be a large portion of a building, such as a wing, depending on hardware capability. Generally, are the middle tier of the overall BAS network, and repo...
	E. Building-Level Network (BLN): An ethernet, fiber, and/or wireless network dedicated to the BAS, which connects Building Controllers and Building Supervisors. The BLN may be a separate network from Owner’s LAN, or as part of the LAN, which has been ...
	F. Building Supervisor: Server, which is at, and controlling at, the building-level. Generally used when Building Controllers do not have sufficient hardware capability to support an entire building. Generally, are the middle tier of the overall BAS n...
	G. Controller: A generic reference to a BAS Controller, including but not limited to Device Controllers and Building Controllers.
	H. Contract Documents: All documents which compose the project, including but not limited to drawings, specifications, RFPs, scope of work, general conditions, and supplemental conditions.
	I. Control Panels: an assembly composed of an enclosure and one or more BAS Component(s).
	J. Critical: A special area or zone which receives specialized BAS Components.
	K. Device Controller: Also referred to as Field-Level Controller. Controller, which is at, and controlling at, at the device-level. Device in this instance is understood to reference MEP Equipment. Generally, are the lowest tier of the overall BAS net...
	L. Device-Level Network (DLN): A copper, ethernet, fiber, and/or wireless network dedicated to the BAS, which connects Device Controllers and Building Controllers. See Section 2.5 System Architecture for full definition and specification.
	M. Enterprise Supervisor: Server, which is at, and controlling at, the enterprise-level. Generally, are the highest tier of the overall BAS network, and installed on a server in lieu of being a stand-alone piece of hardware. Also, generally what Build...
	N. Field-Level: See Device Controllers and Device-Level Network.
	O. Furnish: To supply and deliver to project site, ready for installation.
	P. Install: To place in position for service or use.
	Q. Local Area Network (LAN): Ethernet, fiber, and/or wireless network which connects computers and other networkable devices (printers, etc.), and has a connection to the WAN. See Section 2.5 System Architecture for full definition and specification.
	R. Manufacturer: The brand of the BAS being provided (ex: Distech, Honeywell, etc).
	S. MEP: Mechanical, electrical, and plumbing.
	T. MEP Equipment: Where MEP Equipment is used, it is understood to mean any piece of MEP Equipment which the BAS will in some way, shape, or form, interface with, via hardwired connection or integration. MEP Equipment includes, but is not limited to V...
	U. MSI: Master Systems Integrator: see MSI section for full definition and specification.
	V. Owner: The financial provider and user of the BAS, as well as Owner Representatives.
	W. Owner Representatives: Representatives for the Owner which are on staff, contracted, or hired to protect the interests of the Owner, such as Engineers, Architects, Commissioning Agents, and other parties.
	X. Project: The facility/building as defined in the Contract Documents.
	Y. Server: A computer inwhich BAS software is installed on.
	Z. Sequence of Operation: The steps that MEP Equipment takes to achieve the desired operation to provide optimal comfort and/or ventilation for the Project.
	AA. Substantial Completion: Written authorization by the Owner that the project has reached a point of completion that it can be utilized.
	BB. Supervisor: A generic reference to a BAS Supervisor, including but not limited to Building Supervisors and Enterprise Supervisors.
	CC. Provide: To furnish and install, complete and ready for intended use.
	DD. Vendor: The installer, integrator, and/or contractor for the BAS being provided.
	EE. Wide Area Network (WAN): Ethernet and/or fiber-based network which connects multiple facilities via the internet. See Section 2.5 System Architecture for full definition and specification.
	FF. Warranty Period: The time between Substantial Completion and the duration of Warranty, as specified.

	1.4. General Specifications
	A. Contractor shall provide all hardware, software, configuration, programming, graphics (GUI), checkout, alarms, trending, functional testing, and commissioning necessary to provide a complete and fully functioning BAS. Contractor shall include all h...
	1. Provide all necessary BAS Components on each piece of MEP Equipment to:
	a. Perform the specified Sequence of Operation and meet the design/performance intent of the MEP Equipment.
	b. Comply with BAS Components as shown on the control diagrams.
	c. Comply with the point lists.
	d. Comply with the Specifications herein.
	e. Comply with the design intent of the BAS.

	2. Where the Sequence of Operation, control diagrams, points list, or specifications conflict with each other, Contractor will comply with the most stringent requirement.

	B. It is Contractor’s responsibility to review all the Contract Documents and report any discrepancies to Owner.
	C. Substitutions
	1. Wherever the words “approved equal,” “for review,” or “for acceptance” are used in regard to manufactured specialties, or wherever it is desired to substitute a different make or type of BAS Component for that specified, submit all information pert...

	D. Warranty
	1. Warranty period shall be for 24 months after project construction closeout and owner’s receipt of the Certificate of Occupancy. The entire BAS and all ancillary equipment required for its operation shall be free from defects in workmanship and mate...
	2. Corrective software and/or hardware modifications made during warranty service periods shall be updated on all user documentation and on user and manufacturer archived software disks.
	a. Modifications made which are corrective to one piece of MEP Equipment will be replicated to all MEP Equipment for consistency in programming.
	b. User documentation will be updated in all locations, including but not limited to hard copies, Control Panel hard copies, O&Ms, and PDF copies accessible via download inside the BAS system.
	c. Maintain revision control (i.e., v1_05) to indicate which is the latest version of all documentation, software, and programming.

	3. Owner reserves the right to make changes to the BAS during the Warranty Period. Such changes do not constitute a waiver of warranty. Contractor shall warrant parts and installation work regardless of any changes made by Owner unless Contractor prov...
	4. At no cost to Owner, during the Warranty Period, Contractor shall provide maintenance services for software including all current software updates, firmware, and hardware. Prior to the closeout of the warranty period, Contractor shall meet with Own...
	5. Electronic Actuators: Parts and labor for 5 years from the date of substantial completion.
	6. Air and Water Flow Meters: Parts and labor for 3 years from the date of substantial completion.

	E. Extended Warranty
	1. Contractor shall include a 3 year (36 Month) Extended Warranty agreement to oversee maintenance, adjustments and owner support for the controls system after expiration of the 24 month Basic Warranty period.  This agreement shall include remote supp...

	F. Training
	1. Provide eight hours of training for Owner personnel, and/or maintenance contractor, on the operation and maintenance of the BAS. Owner may wish to video tape the training session.


	1.5. Codes and Reference Standards
	A. Comply with all current federal, state, and local codes, requirements, ordinances, and regulations, in accordance with the authory(ies) having jurisdiction (AHJ).
	B. Comply with the National Electric Code (NEC).
	C. Comply with all manufacturer guidelines and requirements.
	D. Comply with all Owner rules, guidelines, procedures and requirements, including Owner IT.
	E. The latest published edition of a reference shall be applicable to the Project unless identified by a specific edition date.
	F. All materials, installation, and workmanship shall comply with the applicable requirements and standards addressed within the following references:
	1. American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE)
	2. American National Standards Institute (ANSI)
	3. UL 916: Energy Management Systems
	4. LonMark International
	5. BACnet Testing Lab


	1.6. Coordination of Work and Integration
	A. Certain LonMark, BACnet, Modbus, and other products, systems, and interface devices, may be provided by other trades via MEP Equipment. Examine the Contract Documents to ascertain the requirements to install, wire, program, commission, and/or inter...
	B. Controls contractor is responsible for reviewing the equipment submittals for ALL equipment to be integrated into the BAS system prior to equipment being ordered to verify proper power voltages, control voltages, control signals, control points, et...
	C. Contractor shall review MEP Equipment for compliance with control diagrams, Sequence of Operation, and points lists. Report any discrepancies to Owner.
	D. Wherever work interconnects with work of other trades, coordinate with other trades and with Owner to ensure that all trades have the information necessary so that they may properly install all the necessary connections and equipment.
	E. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room details before installation. Verify all locations with Owner and/or General Contractor prior to installation.
	F. Coordinate sources of 120V power with the Electrical Contractor and Owner. Extend power from source(s) as needed.
	G. Coordinate location of data ports/drops to the LAN/WAN with the Electrical Contractor and Owner.
	H. Coordinate shipping of BAS Components to another Contractor or manufacturer for factory-installation.

	1.7. Spare Parts
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	B. Provide one replacement for each unique actuator, Controller, thermostat, wall module, or any other BAS Component provided.

	1.8. Quality Assurance
	A. The BAS and BAS Components shall be listed by Underwriters Laboratories (UL 916) as an Energy Management System.
	B. Control Panels, both new and modified, shall comply with UL 508A.
	C. Electrical Components, Devices, and Accessories: UL listed and labeled as defined in NFPA 70.

	1.9. Contractor Qualifications
	A. Qualifications may be requested from Contractor prior to the bidding process. Owner reserves the right to not allow Contractors to bid if they do not meet the qualifications or provide them in a timely manner. Qualifications will be provided for al...
	B. Contractor shall have a successful history in the design and installation of the BAS being provided that consists of web-browser monitoring and control of LonWorks, BACnet, and/or Modbus Device Controllers. These projects must be on-line and functi...
	C. Contractor shall demonstrate experience in BAS installations for not less than five years, in BAS installation projects with point counts equal to this Project, and systems of the same character as this Project.
	D. Contractor shall have specialized in and be experienced with the installation of the proposed product line for not less than five years, on at least ten projects of similar size and complexity.
	E. Contractor shall be factory authorized by manufacturer of product line and be in good standing with the manufacturer.
	F. Contractor shall be located within 50 miles of Project.
	G. Contractor shall be a Certified Tridium Systems Integrator.
	H. Contractor shall have a minimum of three, Niagara Technical Certification Program (TCP) certified personnel.
	I. Contractor shall have a minimum of three personnel who are certified in LonWorks, BACnet, and/or Modbus line(s) of controls to be installed as part of this project.
	J. Be of sufficient size to provide service, including both routine maintenance and emergency support within 24 hours upon receipt of request.

	1.10. Action Submittals
	A. Product Data Submittal
	1. Submit manufacturer's technical product data for each BAS Component, including but not limited to Controller, sensor, actuator, relay and panel, indicating dimensions, capacities, performance, electrical characteristics, and material finishes. Also...
	a. When manufacturer's product datasheets apply to a product series rather than a specific product model, clearly indicate, mark-through, and highlight only applicable information.
	b. Generic submittals will be automatically rejected.

	2. Submit documentation indicating LonMark, NICs, and/or BTL compliance and include Protocol Implementation Conformance (PIC) Statements.

	B. Shop Drawings Submittal
	1. Submit shop drawings. Shop drawings will include:
	2. Bill of Materials (BOM): indicating equipment served, quantity, manufacturer, point range (i.e. 0-10 in. w.c.), sensor range (i.e. 0-10V), and model number for all BAS Components being provided.
	a. Disconnect Schedule: additionally, indicating MCA, MOP, voltage, # of phases, size, NEMA rating, # of poles, and neutral (Y/N).
	b. Starter Schedule: additionally, indicating horsepower, voltage, # of phases, size, NEMA rating, and bypass.
	c. VFD Schedule: additionally, indicating horsepower, voltage, # of phases, size and NEMA rating, bypass (Y/N), number of contactors (if bypass), disconnect (Y/N), and disconnect type (fused/non-fused).
	d. Hydronic Valves (Pressure-Dependent): additionally, indicating gpm, line size, calculated Cv and design pressure drop, actual Cv and actual pressure drop, close-off pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, mixing/dive...
	A) Actual pressure drop will correct for any line-size to valve-size restrictions per the manufacturer’s data.
	B) Actuator will be scheduled with the valve per the standard BOM.

	e. Hydronic Valves (Pressure-Independent): additionally, indicating gpm, line size, selected valve gpm, maximum valve gpm, min/max pressure drops, close-off pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, mixing/diverting (if 3...
	A) Actual pressure drop will correct for any line-size to valve-size restrictions per the manufacturer’s data.
	B) Actuator will be scheduled with the valve per the standard BOM.

	f. Steam Valves: additionally, indicating lb/hr, inlet pressure, outlet pressure, line size, calculated Cv and design pressure drop, actual Cv and actual pressure drop, close-off pressure, type (ball/globe/butterfly), connection, valve size, 2/3-way, ...
	A) Actual pressure drop will correct for any line-size to valve-size restrictions per the manufacturer’s data.
	B) Provide sizing methodology/calculations for manufacturer selected.
	C) Actuator will be scheduled with the valve per the standard BOM.

	g. Air Flow Metering Stations (AMFS): additionally, indicating duct size, output, network capable (LonWorks/BACnet), and number of probes/sensors.
	h. Water/Steam Flow Meters: additionally, indicating line size, output, network capable (LonWorks/BACnet), and flow meter style/type.
	i. Damper Schedule: additionally indicating, duct size, blade type, leakage, and construction.
	j. VAV schedule: indicating VAV type, K factor, and max/min/reheat flows.

	3. Schematic Flow Diagram: schematic representation of MEP Equipment. Diagram will show all BAS Components on schematic, point name, and point number (i.e. UI-1). Where MEP Equipment varies slightly, schematic will be clearly diagramed to indicate any...
	4. Wiring Diagram: indicating power, signal, and control wiring. Where terminal blocks are provided, provide indication where wiring terminates to terminal block.
	5. Sequence of Operation: Any modifications proposed to the Sequence of Operation will be clearly marked up as part of the shop drawings or submitted as an annotated Microsoft Word document in addition to the shop drawings. A default Contractor Sequen...
	6. Control Panel Diagrams: indicating panel faces, with layouts of any BAS Components to be installed in the panel face, BAS Component locations inside panel, and labeling of BAS Components.
	7. One-line diagram for all controllers showing the network layout. Where Project is to connect with an existing BAS, indicate how the new network will integrate with the new and/or existing BAS Components.
	8. Indicate anticipated device ID, Network number, MAC Addressing, and Max Masters for all BACnet devices. Provide logical schema for BACnet addressing.
	9. Individual floor plans with device (controllers, routers, sensors, etc.) locations with all interconnecting wiring routing including space sensors, Device and Building-Level Network wiring, power wiring, and low voltage power wiring.
	10. Additional Requirements:
	a. Point names will be consistent between the schematics and wiring diagrams.
	b. Misc. Points List: where controllers being provided for other purposes are also used to control a miscellaneous point, such as an exhaust fan or lighting contactor, provide a list of those miscellaneous points in a concise format for quick identifi...
	c. Provide a complete list of any deviations of submitted products to the specification in this document.
	d. Where existing BAS Components are being reused, such as controllers or sensors, clearly indicate (via coloring, line type, etc) the BAS Components being reused as “existing” and new components as “new.”


	C. Graphics Submittal
	1. Provide screen captures of graphical user interfaces developed by Contractor on previous projects. These screen shots shall represent actual work performed by Contractor and not generic work from the line of controls which Contractor represents. Sc...
	2. Follow Owner’s graphics standards.
	3. Zoning Map
	a. Provide submittal of graphic floorplans for markup by Owner to identify required zoning to use for scheduling. Floorplan markup will be used by Contractor to segment equipment that satisfies the identified zones.


	D. Point-Naming Submittal
	1. Points shall be named consistently. Provide list of point names and point conventions.
	2. Point naming shall be consistent with an existing standard, such as Project Haystack.

	E. IP Drop Request Submittal
	1. Provide list of BAS Component(s) which need an IP drop to the LAN/WAN.
	2. Provide location, quantity (if multiple per Control Panel/location), and IP address requirements (DHCP, fixed, etc), and total number of IP address reservations, including room for future growth.
	3. Provide list to a minimum of ten business days’ notice prior to needing the drop.

	F. Schedule/Sequence of Construction Submittal
	1. Provide schedule and sequence of construction, as it pertains to the installation of the BAS, for review.

	G. Functional Performance Testing (FPT) Submittal
	1. Provide FPT agendas and testing procedures for review.
	2. FPT should include at a minimum Sequence of Operation, point-to-point verification to graphical interface, historical data logging, and alarms testing procedures.


	1.11. Start-up and Associated Testing Submittals
	A. Point-to-Point Testing/Checkout Sheets Submittal
	1. Prior to startup of MEP Equipment, Contractor will provide checkout sheets for each piece of MEP Equipment.
	2. Checkout sheets will contain at a minimum:
	a. Equipment name and location.
	b. Associated Controller address (MAC or Node ID), name, type, and instance number.
	c. Point name, type (resistance, amperage, voltage, etc), and range (i.e., -5 to +5 in w.g.).


	B. Start-Up Testing Submittal
	1. As part of the startup of MEP Equipment, Contractor will provide start-up testing sheets for each piece of MEP Equipment.
	2. Start-up testing sheets will contain at a minimum:
	a. Equipment name and location.
	b. Sequence of Operation and step-by-step procedure used to check programming and configuration.
	c. Any modifications required to Sequence of Operation for MEP Equipment performance.
	d. Final graphical screens.
	e. PID tuning parameters for each loop.


	C. Adjusting and Calibration Submittal
	1. As part of the startup of MEP Equipment, Contractor will provide a calibration submittal for each piece of MEP Equipment.
	2. Calibration submittal will contain at a minimum:
	a. Equipment name and location.
	b. Point name, type, and range.
	c. Sensor type and manufacturer’s stated accuracy.
	d. Calibration type (single point, two point, etc).
	e. Checking, adjusting, and calibration data.
	f. Sensor installed accuracy.
	g. Sensor pass, fail, replaced, etc.
	h. Calibration equipment used and associated certificates of calibration, including expiration dates.



	1.12. Close-Out Submittals
	A. Operating and Maintenance Manuals
	1. Provide all documentation as required in the submittal processes to-date, updated to as-built conditions.
	2. In addition, provide the following:
	a. Include control response, settings, set points, throttling ranges, gains, reset schedules, adjustable parameters, and limits.
	b. A table (or similar) of all Testing, Adjusting and Balancing (TAB) values for each piece of MEP Equipment and BAS-calibrated equipment, such as airflow metering stations (AFMS).
	c. Any O&Ms for equipment not originally included in the submittal, in addition to product data.
	d. Accurately record actual set points, calibrations/offsets, and settings of controls, final Sequence of Operation, including changes to programs made after submission and approval of shop drawings and including changes to programs made during specif...
	e. Database of all point names.


	B. As-Built Shop Drawings
	1. Provide PDF of shop drawings which have been corrected to reflect the as-built state.
	a. Incorporate any redlines made in field during installation.
	b. Update Sequence of Operation to reflect MEP Equipment operation as changed during installation, commissioning, and/or functional performance testing.
	c. Provide reference to being “as-built” version on each sheet of the shop drawings.

	2. Provide hard copy of appropriate shop drawing page(s) inside each Control Panel.

	C. Software Closeout
	1. Provide all usernames, passwords, software, GUI, databases, licenses, and application programming tool(s) to Owner.
	2. Provide software backup of entire BAS and associated components on digital media for Owner record. Coordinate file location of automatic backup of software with Owner.

	D. Reference 3.11 Closeout for additional requirements.

	1.13. Materials and Equipment
	A. All materials shall meet or exceed all applicable referenced standards, federal, state, and local requirements, referenced standards, and conform to codes and ordinances of the AHJ.
	B. Materials shall be new, the best of their respective kinds without imperfections or blemishes and shall not be damaged in any way. Used equipment shall not be used in any way for the permanent installation except where Contract Documents specifical...
	C. To the extent practical, all equipment of the same type serving the same function shall be identical and from the same manufacturer.

	1.14. Colors and Labeling
	A. Where requirements in 15190 conflict with the requirements below, Contractor will comply with the most stringent requirement.
	B. Provide BAS Components consistent with the following color requirements.
	1. Control Panels   Blue
	2. Conduit    Blue
	3. Input/Output Wiring  Yellow
	4. BACnet Copper Wiring  Orange
	5. LonWorks Copper Wiring Purple
	6. Modbus Copper Wiring  Blue
	7. Ethernet/Fiber Cable  Consistent with color of primary communication protocol.
	8. Tubing    Black with White Stripe

	C. Provided BAS Components with the following labeling requirements.
	1. Controllers
	a. Vinyl or nylon label, 1/2 inch or greater in height, black text on white background, adhesive backed, printed with MEP Equipment served by Controller, permanently mounted.

	2. Control Panels
	a. Two-layer engraved phenolic or engraver’s plastic tag, 1 inch or greater in height, adhesive backed, engraved with MEP Equipment served by panel, permanently mounted.

	3. Input/Output Wiring
	a. Nylon or self-laminated wire-wrap label, 1/2 inch or greater in height, black text on white background, adhesive backed, printed with BAS Component connected to cable and cable number, permanently mounted at termination to terminal block in Control...
	b. Premade labels or wire marker tape is not allowed.

	4. BAS Component
	a. Vinyl or nylon label, 1/2 inch or greater in height, black text on white background, adhesive backed, printed with MEP Equipment served and BAS Component purpose (ex. AHU-1 SF Start/Stop), permanently mounted.




	PART 2 - Products
	2.1. Manufacturers and Vendors
	A. Subject to the Specifications and requirements herein, the BAS will be provided by (listed in alphabetical order):
	NEW CONSTRUCTION
	1. Reliable Controls
	2. ABB Controls
	3. Distech
	4. Lynxspring
	5. Schneider Electric TAC I/A Series

	B. Products by the manufacturer listed shall be used for Device and Building Controllers. Sensors, actuators, valves, dampers, and other BAS Components may be manufactured by others as indicated.

	2.2. General
	A. Owner shall receive ownership of all job-specific configuration documentation, data files, software and/or code developed for the Project. This shall include all custom, job-specific software code, databases, and documentation for all configuration...
	B. Any and all required IDs and passwords for admin and programming-level access to any BAS Component or software program shall be provided to Owner.
	C. It is Owner’s intent to purchase an open system capable of being serviced and expanded by any acceptable system integrator that has and maintains certification to work on Niagara Framework systems. The Niagara Compatibility Statement (NICS) for all...
	D. Contractor shall not install any “brand-specific” software, proprietary JAR files, applications, or utilities on Niagara Framework based devices, unless otherwise permitted. Provide exceptions to Owner for review.
	E. All Device and Building Controllers installed for the project shall not be limited in their ability to communicate with a specific brand/Manufacturer or Vendor of the BAS. They shall also be constructed in a modular fashion to permit the next gener...
	F. Device and Building Controllers shall have the ability to perform energy management routines via preprogrammed function blocks or template programs.
	G. Browser-based access: A remote/local user using a standard browser will be able access all BAS facilities and graphics via the LAN or direct connection, with proper username and password. Only HTML5 browser-based graphical user interfaces (GUI) is ...
	1. Graphics shall be Niagara “virtuals” which allow graphics to be present on both the JACE and Supervisor, allowing for an update in one location to be automatically applied to the other.

	H. Remote data access: The system shall support browser-based remote access over the Internet to the building data.
	1. The Contractor shall coordinate with Owner IT to ensure all remote browser access is protected with the latest BAS software updates.
	2. The Contractor shall coordinate with Owner IT to ensure a VPN (Virtual Private Network) is installed to protect Owner from cyber-attacks.

	I. Systems Configuration Database: The system architecture shall support maintaining the systems configuration database on a Supervisor server on the LAN. User tools for BLN and/or DLN management shall be provided and licensed to Owner and shall allow...
	J. Database Schema shall be published and provided to Owner to facilitate easy access to BLN and DLN data.
	K. Owner shall be the named license holder of all software associated with any and all incremental work on the project. Contractor will coordinate with Owner IT for any requirements regarding software/hardware licensing.
	L. Where multiple pieces of Niagara equipment exist, use single-JACE sign-on. Coordinate with Owner on requirements.

	2.3. Device Count and Software Maintenance Agreements
	A. All Device Controllers, Building Controllers, and Supervisors which have a license structure to where only a certain quantity of BAS Components or devices can connect to it shall be selected such that there is a minimum 25% capacity for future BAS ...
	B. All Building Controllers and Supervisors which have a license structure requiring a Software Maintenance Agreement (SMA) shall be for a period of five years.

	2.4. System Performance
	A. Description: The BAS shall comply with the following minimum performance requirements. Performance requirements are based on a fully functioning BAS with all trends and alarms enabled:
	1. Graphic Display: Display graphic with minimum 20 dynamic points with current data within 10 seconds.
	2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data within 8 seconds.
	3. Object Command: Reaction time of less than 2 seconds between operator command of a binary object and device reaction.
	4. Object Scan: Transmit change of state and change of analog values to control units or workstation within 6 seconds.
	5. Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple workstations must receive alarms within five seconds of each other.


	2.5. System Architecture
	A. The system architecture provided shall incorporate hardware and software resources sufficient to meet the functional requirements of these Specifications. The Building and Device-Level Network shall be based on industry standard open platforms as s...
	B. Reference 4.1 Network Diagram for diagram of System Architecture layout.
	C. The system architecture shall consist of a Wide Area Network (WAN), a Local Area Network (LAN), a Building-Level Network (BLN), and one or more Device-Level Network(s) (DLN), as well as an Enterprise Supervisor, a Building Supervisor, Building Cont...
	1. Wide Area Network (WAN): WAN infrastructure provided by Owner. Contractor will coordinate with Owner IT for configuration (ports, firewall, etc) for a successful BAS installation.
	a. The WAN infrastructure shall be used to connect the Enterprise Supervisor to the Building Supervisor and/or Building Controller(s).

	2. Local Area Network (LAN): LAN infrastructure provided by Owner. Contractor will coordinate with Owner IT for configuration (ports, firewall, etc) for a successful BAS installation.
	a. The LAN infrastructure shall be the connection point to the WAN for the BAS, and also serve as the BLN.

	3. Building-Level Network (BLN): BLN shall be a segmented network on the Owner’s LAN.
	a. The BLN shall be used for connection of Building Controller(s) and/or Building Supervisor only. No Device Controller(s) shall be connected to the BLN.

	4. Device Level Network (DLN): DLN infrastructure provided by Contractor.
	a. DLN will be BACnet TCP/IP (Ethernet).
	b. Contractor will provide one or more DLNs to maintain network speeds as specified herein.
	c. Additional DLNs of a different protocol than listed may be added to integrate unique pieces of equipment not provided by Contractor, however all Contractor-provided equipment shall be consistent with the DLN above.

	5. The LAN will be under construction and not necessarily complete prior to work commencing. As such, a temporary BLN will be provided by Contractor for functionality of the BAS. This may include wireless access points, switches, or other temporary ha...
	6. The LAN is existing and segmented for the BLN.


	2.6. System Architecture, Additional Requirements
	A. Niagara Framework will be Niagara 4 (N4), with the latest stable released installed (as identified by Contractor) and will be compatible with any existing Niagara systems. Where the incorrect software version is installed, it shall be corrected at ...
	B. Prior to bid, where a modification to the System Architecture is desired, Contractor will obtain permission for the proposed System Architecture. Contractor will provide documentation with proposed modifications and how they will improve the System...
	C. Prior to the bid, Contractor may request for additional connections to the WAN/LAN beyond the ones specified herein. Should those connections be disallowed, Contractor shall provide additional BLN(s) or DLN(s) at no additional cost to Owner.
	D. Capacity of any BLN or DLN shall be limited to 70% of the allowable device count to allow for future minor modifications or expansions to the network. Provide calculations on request.
	E. Device Controllers shall communicate on a hardwired network.
	F. Twisted-Pair Based Device Level and/or Building Level Networks (DLN/BLN):
	1. BACnet MS/TP networks where the baud rate for equipment is “fixed” and cannot be changed shall be segmented from the main DLN(s). The main DLN(s) will not be slowed to accept Device Controllers with slower baud rates than the majority of the Device...
	2. ARCnet and/or Token-Ring based DLNs shall not be acceptable.
	3. The communication speed between Device Controllers shall be sufficient to ensure fast system response time under any loading condition. At a minimum, network speed shall be minimally 78K bits per second (LonWorks FTT-10A), 19.2K bits per second (Mo...
	a. Where speeds must be reduced, provide justification to Owner for approval.

	4. Provide a maximum of 40 LonWorks FTT-10A controllers per segment. Provide a maximum of 25 BACnet MS/TP controllers per segment. Provide a maximum of 25 Modbus RTU controllers per segment.
	a. Controller counts may be increased where specifically recommended/approved by the Manufacturer and system performance will be achieved as specified. If network performance suffers due to excessive controllers, Contractor shall provide additional BL...


	G. Ethernet Based Device Level and/or Building Level Networks (DLN/BLN):
	1. Where DLN is an ethernet-based network (vs traditional copper twisted-pair network), the requirements of the BLN shall also apply to the DLN.
	2. Ethernet-based BLN or DLN shall be consistent with Owner IT standards and requirements, and at a minimum IEEE 802.3 Ethernet over Fiber or Category 6 cable with switches and routers that support 1000base-T gigabit Ethernet throughput. Provide all r...


	2.7. Device Controllers
	A. Provide a Device Controller for each piece of MEP Equipment, or as specifically identified.
	B. General
	1. Device Controllers shall fundamentally communicate with the protocol as specified in the System Architecture for the DLN. Device Controllers which communicate over a different protocol and then convert to the specified protocol via a protocol conve...
	2. All Device Controllers shall be able to communicate peer-to-peer without the need for a Building Controller and shall be capable of assuming all responsibilities typically assumed by a Building Controller.
	3. Any Device Controller shall be able to act as a Master to allow for the exchange and sharing of data variables and messages with any other Controller connected on the same communication cabling. So called “Slave Controllers” are not acceptable.
	4. A dedicated Device Controller will be provided for each piece of MEP Equipment. Controller “sharing,” where one Controller does one or more pieces of MEP Equipment, is not allowed, unless specifically approved by Owner.
	5. Each Device Controller shall have a minimum of 10% spare capacity for each point type for future point connection, rounded up to the nearest whole number.
	6. Performance
	a. Each Device Controller shall have a minimum of 64KB of RAM and 384KB of non-volatile flash memory.
	b. Each Device Controller shall have a 32-bit microprocessor operating at a minimum of 68 MHz.
	c. Real time clock with rechargeable battery and 20 days power backup.

	7. The control program shall be resident within the same enclosure as the input/output circuitry, which translates the sensor signals. The control program shall be stored in non-volatile memory, which is not dependent upon the presence of a battery, t...
	8. Provide single Device Controllers with the physical and software resource count for standalone operation of each piece of MEP Equipment. The Sequence of Operation and required points for control shall reside on a single Device Controller.
	a. Remote I/O modules (via a field-wired communications bus designed for remote I/O purposes) are acceptable for points required to achieve the Sequence of Operation.
	A) BACnet, LonWorks, Modbus, and any other communication protocol designed for Device Controller to Building Controller communication is not acceptable for remote I/O communication.
	B) Expansion I/O modules plugged directly into the Controller are acceptable for points required to achieve the Sequence of Operation.
	C) Additional Device Controllers connected via the DLN are not acceptable for points required to achieve the Sequence of Operation.


	9. Device Controllers with integral sensors or devices (i.e., a VAV terminal unit controller with integral damper actuator and pressure sensor), shall comply with the specification requirements for those sensors if they were submitted separately. If t...
	10. BACnet Device Controller Specific Requirements:
	a. Each BACnet Controller on the BACnet MS/TP communications trunk shall provide a loading characteristic of 1/8th load.
	b. Provide BACnet Controllers that are BACnet Testing Laboratory (BTL) listed (v14 or later). Controllers will be marked with the BTL certified logos. Controllers must be within the following categories:
	A) BACnet Building Controller (B-BC)
	B) BACnet Advanced Application Controller (B-AAC)
	C) BACnet Application Specific Controller (B-ASC)


	11. LonWorks Device Controller Specific Requirements:
	a. Provide LonWorks Device Controllers that conform to LonMark Certified Interoperability Standards. Components will be marked with the LonMark certified logos.

	12. Modbus Device Controller Specific Requirements:
	a. Provide Modbus Device Controllers that conform to the Modbus Conformance Testing Program and be independently verified by an approved third-party for conformance.


	C. Configurable Device Controllers
	1. Shall contain an application-specific control program which can be configured to meet the Sequence of Operation.
	2. Where a configurable Controller cannot be configured to meet the Sequence of Operation, a Programable Controller will be used. Alternatively, Contractor may submit a request to modify the Sequence of Operation so that a Configurable Controller may ...

	D. Programable Device Controllers
	1. Shall be fully programmable and the programming software shall have a library of pre-built, tested, and user re-definable control sequences for a wide range of typical HVAC applications.

	E. Ethernet Device Controllers
	1. Provide with a 2-port or greater integrated switch.
	2. Controllers should be able to be “daisy chained” to eliminate multiple dedicated ethernet drops for each Controller.


	2.8. Building Controllers
	A. Provide Building Controller(s) with sufficient expansions to integrate DLNs while maintaining network speed, point count requirements, spare capacity, and other requirements as specified.
	B. Building Controller(s) shall be JACE 8000 series.
	1. Provide with embedded workbench.
	2. Provide with all required expansions for LonWorks FTT-10A, RS485, etc. to achieve the necessary quantity of DLN(s).

	C. Provide sufficient quantity of Building Controllers to maintain average processing power at 70% or less. Where Building Controllers are running above 70% consistently, additional Building Controllers will be provided and DLNs rewired at no cost to ...

	2.9. Control Panels and Enclosures
	A. Control Panels are an assembly composed of an enclosure and one or more BAS Component(s). Control Panels will be provided for:
	1. All MEP Equipment which requires a Device Controller(s) and does not have an Enclosure for a Device Controller(s) included as part of the MEP Equipment.
	2. All Building Controller(s).

	B. Reference 1.9 Quality Assurance for Control Panel rating requirements.
	1. All Control Panels provided for MEP Equipment shall be assembled and installed in accordance with UL508A. Field wiring to the Control Panel shall be terminated to a field wiring terminal as indicated on the required drawings provided with the Contr...

	C. Controller(s) installed inside of MEP Equipment shall only be done so in spaces/enclosures designed for a Controller to be installed (i.e. a VAV controls enclosure). The fact a Controller fits inside the space does not constitute being designed for...
	D. Enclosures shall have continuously welded and ground smooth seams, have doors that open 180 degrees, concealed and continuous hinge, and ground studs on door and body.
	E. Indoor/inside enclosures shall be NEMA/UL Listed Type 1. Enclosure shall be powder-coated steel, consistent with color chart herein. Outdoor/outside Enclosures shall be NEMA/UL Listed 3R or 4X. Enclosure shall be power-coated steel consistent with ...
	F. All enclosures will be provided with a removable backplate to which BAS Components will be fastened. No BAS Components will be fastened to the enclosure body. BAS Components, such as pilot lights and switches, displays, and operator interfaces may ...
	G. Control Panels will be sized (width, height, and depth) so that all BAS Components, including but not limited to Controllers, relays, power supplies and transformers, fit inside neatly and in an organized fashion. Provide cable tray for all wire to...
	H. Control Panels which have more than one BAS Component are required to be provided prewired to numbered terminal blocks. All BAS Components and terminal blocks will be fastened to the removable backplate and wired between the BAS Components and term...
	1. Exception: Enclosures which house only one BAS Component, such as a Controller, are not required to have numbered terminal blocks, and may have field wiring terminated directly to the BAS Component.

	I. Maintain separation between Class 2 wiring and other wiring, such as power, for both field and factory connections.
	J. The design intent of the Control Panels is to have the ability to, in the future, disconnect all field wiring from the terminal blocks, remove the backplate with old control components, install new backplate with new control components and reconnec...
	K. Where the Specification conflicts with Control Panel requirements in Division 16, Contractor will comply with the most stringent requirement.

	2.10. Cable, Wiring, Tubing, and accessories
	A. Comply with Division 16.
	B. BAS cable for input and outputs shall comply to the color chart herein and have “BAS CABLE” (or equivalent) physically written on the cable from the cable manufacturer at regular intervals.
	C. BAS cable for LonWorks shall comply to the color chart herein and have “LONMARK” physically written on the cable from the cable manufacturer at regular intervals. BAS cable for BACnet shall comply with the color chart herein and have “BACNET” physi...
	D. All control wiring and tubing shall be plenum rated, no riser cable or tubing is allowed. Conform with NFPA 262 Flame Test for approved plenum use without conduit.
	E. Provide with integral ripcord.
	F. Treat cable with a lubricant to increase cable pulling productivity and efficiency and to decrease the risk of cable damage due to excessive pulling strengths. A non-staining lubricant shall be applied to coat the full length of the cable during th...
	G. BACnet and Modbus cable will be continuously shielded. LonWorks cable must be shielded into and out of VFDs, or any other noise-generating piece of equipment. Input/output (I/O) cable need not be shielded.
	H. Ethernet cable shall comply with the color chart herein and be consistent with Owner IT standards and requirements, and at a minimum IEEE 802.3 Category 6 cable.
	I. Tubing for air pressure sensors shall be polyethylene, approved for plenum installations, have high stress-crack resistance and be resistant to ultraviolet light.

	2.11. Transformers and DC Power Supplies
	A. Control Transformers
	1. Class 2, sized and rated for application. Circuit breaker overcurrent protection; fused or internal overcurrent protection is not allowed. Transformers shall be sized so that connected load does not exceed 75 percent of rating. Functional Devices T...

	B. DC Power Supplies
	1. Class 2, sized and rated for application. Overcurrent protection with auto-reset; fused or internal overcurrent protection is not allowed. Transformers shall be sized so that connected load does not exceed 75 percent of rating. IDEC PS5R-V Series o...


	2.12. Surge Protection
	A. Provide any power supply surge protection, filters, etc. as necessary for proper operation and protection of all BAS Components.
	B. All BAS Components shall be capable of handling voltage variations 10% above or below measured nominal value, with no effect on hardware, software, communications, and data storage.
	C. Provide Control Panel surge protection for:
	1. Building Controllers and/or their associated Control Panels
	2. Control Panels with 11 or more hardwired input/output points entering/exiting the panel.
	3. Control Panels with network routers, switches, and/or other network/interface devices.
	4. Location(s) required by Owner based on submitted controls architecture.
	5. Manufactured by Ditech DTK-120HW or approved equal.

	D. Provide surge protection for DLN and/or BLN at every point network enters or leaves the building enclosure.
	1. Manufactured by Ditech DTK-2MHLP series or approved equal for copper twisted-pair networks.
	2. Manufactured by Ditech DTK-110C6A series or approved equal for ethernet networks.


	2.13. Software
	A. Provide one copy of Tridium Niagara Workbench software.
	B. Provide one copy of ALL programming tools for all Device Controllers. Provide multiple versions of Software as required. Software will be fully licensed and not a “partial” or “light/lite” software version. Any functionality the Manufacturer and/or...
	C. Install software on Owner-chosen computer. Coordinate with Owner on processing, memory, operating system, and other computer requirements.


	PART 3 - Execution
	3.1. Preparation
	A. Examine areas and conditions under which BAS is to be installed. Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Owner and Contractor. Report any issues to Owner and/or General Contractor.
	B. These Specifications call out certain duties of Contractor and any subcontractor(s). They are not intended as a material list of all items required by the Project.

	3.2. Installation
	A. Provide related items and work indicated in the Contract Documents, as specified or not specified, necessary to provide a complete and fully functioning BAS, including but not limited to:
	1. All incidentals, equipment, appliances, services, hoisting, scaffolding, supports, tools, supervision, labor, consumable items, fees, licenses, etc.
	2. All BAS Components, devices, power supplies, transformers, fittings, sensors, controllers, wiring, accessories, etc.
	3. All wiring, including communication network, analog points, digital points, low voltage power, line voltage power, emergency power, etc.
	4. All associated power and low voltage connections.
	5. All conduit, junction boxes, fittings, panels, enclosures, hardware, etc.

	B. Utilize licensed electricians for all electrical distribution systems.
	C. The Contract Documents show the general arrangement of the respective systems. Follow as closely as actual building construction and the work of other trades will permit.
	D. Maintain redlines of shop drawings throughout installation process. Redlines will be used to generate O&Ms, and any other closeout documentation as specified herein. Shop drawings for O&Ms which are submitted unchanged from the Action Submittal pha...

	3.3. Product Delivery, Storage, Handling, Protection, and Cleaning
	A. All products and materials shall be new, clean, and free of defects, damage, and corrosion.
	B. Ship and store products and materials in a manner which will protect them from damage, weather, and entry of debris until final acceptance.
	C. Where BAS Components are required to be factory-mounted on MEP Equipment by others, arrange for shipping of BAS Components to MEP Equipment manufacturer.

	3.4. Site Clean-up
	A. At conclusion of each day’s work, and at the request of Owner, clean up and remove from the site all rubbish, debris, and trash accumulated during the day as a result of work of Contractor.
	B. Marks on walls and/or ceiling tiles caused by Contractor shall be cleaned by Contractor.
	C. Ceiling tiles, drywall, carpet, paint, and all architectural finishes damaged by Contractor shall be replaced by Contractor.

	3.5. Power Wiring, Control Wiring, and Control Tubing
	A. Comply with Division 16.
	B. Extend 120V power circuits from points provided to control voltage transformers. Where dedicated junction boxes have been provided, coordinate the exact locations with the Electrical Contractor. Where they have not, coordinate the spare circuit bre...
	C. Install all wiring and cabling in conduit.
	D. Install wire, cable, and accessories with sufficient slack and flexible connections to allow for vibration of piping and equipment.
	E. Wire safeties and limit controls to prevent operation of MEP Equipment in any selector position (off-hand-auto).
	F. Provide sleeves and conduit for passage of wiring through structural masonry, concrete walls and floors, and elsewhere for the proper protection of the BAS. Seal as required.
	G. Splices are not permitted within the BLN or DLN communication cables. Only continuous network topologies or continuous homeruns are allowed for these networks. Splices identified, including damage to cable, will result in cable being re-pulled at n...
	H. Limit DLN and BLN cable lengths to no longer than 70% of the longest dimension published by the manufacturer of the cable or Controller, between the most remote network nodes/Controllers.
	I. Shielded wiring will have shields twisted together and taped against jacket of cable. No exposed shields will be allowed. Ground shield at one end of cable.
	J. LonWorks communication network shall transition from unshielded to shielded at device prior to VFD(s), be shielded into and out of the VFD(s), and transition back to unshielded at device after VFD(s).
	K. Power wiring, control wiring, and wiring accessories (i.e. conduit) shall be consistent with color chart herein.
	L. Power wiring, control wiring, and wiring accessories shall comply with Division 16. Where the Specification conflicts with Division 16, Contractor will comply with the most stringent requirement.
	M. Install control transformers and DC power supplies inside Control Panels. Transformers randomly installed in plenum, or connected to junction box via nipple mount, is not allowed.
	N. Install surge protection for wiring as required. Surge protection for 120V shall be installed exterior to Control Panel. Surge protection for communication network will be installed in close proximity to grounding locations and bars. Route communic...
	O. Maintain all bend radius requirements with control tubing. Do not kink tubing. Do not use tees, elbows, or other fittings in tubing.
	P. I/O wiring shall be labeled in accordance with 1.15 Colors and Labeling. Wire number shall correspond to wire number shown on Closeout Documentation.
	Q. I/O cabling will be sized in accordance with the load and distance traveled. Input wiring will be minimally 22AWG. Output wiring will be minimally 18AWG.

	3.6. Network Management Functional Requirements
	A. Contractor shall thoroughly and completely program and configure BAS Components, software, supplemental software, application programming, network communications, operator workstations, computers, printer, and network communications to permit the f...
	1. Automatic backup of the BAS database to appropriate media.
	2. Program, load, and debug all software installations, including integration of third-party applications (i.e., analytics and energy management).
	3. Network user auditing routine.


	3.7. Point-to-Point Testing/Checkout
	A. As a part of installation, provide checkout (also called point-to-point testing) of all BAS Components.
	B. Prior to start-up of any MEP Equipment, ensure all points have been properly set up, including but not limited to sensor type and range.
	C. Ensure BAS Component is accessible for maintenance.
	D.  Ensure sensors and devices have been installed in the correct location in accordance with actual field conditions and modifications made to the flow diagram in the Contract Documents. Ensure sensors and devices have the proper flow direction, orie...
	E. Provide means to increase or decrease sensed value and ensure the BAS responds accordingly.
	F. Checkout will be performed via Owner’s final graphic screens. If checkout is performed within the programming function of the BAS, it shall be repeated when the final graphic screens are complete and available for use.
	G. Check operation of valve/damper-actuator combination to confirm that actuator modulates valve/damper smoothly throughout stroke to both open and closed positions. Check valve for proper close off.
	H. Provide documentation of the checkout process for each piece of MEP Equipment.

	3.8. Start-Up Testing
	A. At the conclusion of point-to-point testing/checkout, provide start-up testing of all BAS Components.
	B. Provide start-up of all MEP Equipment. Perform start-up in conjunction with any applicable trades.
	C. Provide start-up testing to ensure all configuration and programming conforms with Sequence of Operation.
	D. Start-up testing will be performed via Owner’s final graphic screens. If start-up testing is performed within the programming function of the BAS, it shall be repeated when the final graphic screens are complete and available for use.
	E. Tune PIDs to provide reasonable speed response to change in variables while having stable operation.
	F. Provide documentation of the start-up testing process, including any modifications made to the Sequence of Operation, for each piece of MEP Equipment.

	3.9. Adjusting and Calibration
	A. Adjust and calibrate all points on the BAS as follows.
	B. Prior to calibration, complete all point-to-point testing/checkout and start-up testing to ensure the BAS is fully functioning.
	C. Calibrations shall be made inside the Niagara wire sheet. Do not calibrate sensors inside the device controller.
	D. Calibrated instrument shall be minimally twice as accurate as the sensor’s installed accuracy.
	E. Using calibrated instruments, document actual value (per calibrated instrument) and indicated sensor reading (per the BAS). Adjust using a single point offset or a double-point calibration. Document calibration value(s).
	F. If sensor reading is within the manufacturer’s stated accuracy, do not calibrate the sensor. Document actual value and sensor reading.
	G. If sensor is greater than manufacturer’s stated accuracy, investigate installation of sensor (i.e., 5-10 pipe/duct diameters downstream, etc), programming of sensor (i.e., SVNTs, range, voltage instead of mA and resistance causing high voltage drop...
	H. If no errors are found and sensor’s accuracy is between 100 and 200% of manufacturer’s stated accuracy, provide:
	1. Single-point offset for sensors whose readings will vary less than 20% (ex., room temperature).
	2. Two-point calibration for sensors whose readings will vary greater than 20%.
	3. Document actual value, sensor reading, and offset/calibration values.

	I. If no errors are found and sensor’s accuracy is greater than 200% of manufacturer’s stated accuracy, replace sensor. Alternatively, provide documentation for approval as to why sensor’s error is more than 200% of manufacturer’s stated accuracy.
	J. Work with Testing and Balance (TAB) Contractor to input calibrations performed within TAB Contractor’s scope of work. Provide dedicated personnel to assist TAB Contractor during their work, provide a fully functioning TAB graphical screen on the BA...
	K. Do not calibrate any sensor which has a guaranteed installed accuracy, such as airflow monitoring stations (AFMS) or water flow sensors.

	3.10. Functional Performance Testing (FPT) Procedure
	A. Perform point-to-point testing/checkout, start-up testing, adjusting/calibration testing, configuration, and programming on all MEP Equipment and the BAS as a whole to provide a complete and fully functioning BAS.
	B. BAS shall be complete and fully functioning prior to any Functional Performance Testing (FPT). Assist Owner and/or Owner Representatives, which may include but is not limited to the Engineer, Architect, Commissioning Agent (CxA), and/or Testing and...
	C. Provide documentation as specified to prove the BAS is complete and fully functional prior to FPT activities.
	D. At a minimum, perform the following FPT procedures. The following may be achieved within a Commissioning Plan or another FPT as required within the Contract Documents.
	1. Provide Owner an agenda and schedule of FPT activities for approval and coordination as part of Action Submittals.
	2. Complete all necessary installation to have a complete and fully functional BAS. Provide written notice that BAS is ready for FPT.
	3. Demonstrate BAS systems to Owner. Perform FPT including but not limited to Sequence of Operation, point-to-point verification to graphical interface, historical data logging, and alarms.
	4. Owner to provide detailed punch list to Contractor.
	5. Contractor to repair issues on Owner punch list within five business days.


	3.11. Closeout
	A. Upon completion of Functional Performance Testing (FPT), Contractor provides all requirements as specified in 1.13 Close-Out Submittals to Owner.
	B. Contractor trains Owner on all aspects of the BAS including architecture, devices, software, and final Sequences of Operation.
	C. Owner issues letter to Contractor declaring that system is Substantially Complete. Date of this letter starts the Warranty Period.
	D. Final Acceptance. Owner issues letter to Contractor accepting system. Final pay app can be issued for release of any remaining contingency funds.

	3.12. Control Panels
	A. Install Control Panels at locations in accordance with the Contract Documents and/or Owner. Ensure proper service clearances will be achieved at the end of construction. Control Panels without proper service clearances will be relocated at no cost ...
	B. For any Control Panel that exceeds 16 inches in any dimension, provide a trough above/below Control Panel. Trough shall be separated into high and low voltage. Provide a high and low voltage conduit or nipple between trough and Control Panel, sized...
	C. Provide a service loop for all controls wiring. Service loop will be installed in trough (where provided) or inside Control Panel cable tray (where allowed).
	D. Contractor shall extend power to the Control Panel from a junction box or an acceptable location.

	3.13. Graphics/Operator Interface
	A. The graphics shall comply with the Owner’s standards and requirements.


	PART 4 - Figures
	4.1. Network Diagram


	15910 - BAS Sensors and Devices Specification, v1_02
	PART 1 - General
	1.1. APPLICABLE SECTIONS
	A. 15900 Building Automation Systems


	PART 2 - Products
	2.1. General
	A. Provide BAS Components as indicated in the Contract Documents, Sequence of Operation, control diagrams, points lists, Specifications, or as needed to perform the intended operations consistent with the design intent of the BAS and design/performanc...
	B. Provide with metal enclosure for all plenum applications. Any sensor mounted in plenum that has a plastic enclosure will be rated for plenum installation or installed in a plenum-rated enclosure.
	C. All sensors shall be vibration and corrosion resistant.
	D. Accuracy statements are written for the specific sensor. Installation shall not degrade accuracy more than double what accuracy statement for sensor requires.
	E. Enclosures:
	1. Provide suitable enclosure for BAS Component for ambient conditions encountered by application.
	2. NEMA Type 1 or 2 for indoor and protected applications.
	3. NEMA Type 3R, 4 or 4X for outdoor and unprotected applications.


	2.2. Temperature Sensors, Standard Accuracy
	A. Manufacturers:
	1. ABB
	2. ACI
	3. BAPI
	4. Distech
	5. Honeywell

	B. General Requirements:
	1. Sensor shall be thermistor or RTD inherently compatible with BMS.
	2. Accuracy: ±0.5 deg F over 32 to 158 deg F range.
	3. Operating Temperature Range: -40 to 300 deg F.

	C. Outside Air Temperature (OAT) Sensor: Sensor installed in wall-mounted weatherproof enclosure with conduit entrance, with PVC sun and windscreen as required.
	D. Duct-Mounted Single-Point Temperature Sensor: Rigid sensor sealed in 0.25-inch stainless steel probe of length between one-third and two-thirds of the duct width in duct-mounted metal housing with conduit entrance.
	E. Duct-Mounted Averaging Element Temperature Sensor: Multi-point sensor, contained in a flexible copper or woven continuous metallic sheath, with length sized for duct.
	1. Provide a minimum of 1 foot of sensing element for every three square feet of duct/coil area. Multiple averaging elements may be required.
	2. Averaging elements shall be used where ducts are prone to stratification, and downstream of heating/cooling coils.
	3. Where multiple sensors are provided, sensors may be wired in a series-series, parallel-parallel pattern (requires four or nine sensors) in lieu of multiple inputs.
	4. Plenum rated sheaths are not acceptable.

	F. Wall-Mounted Flat-Plate Temperature Sensor: Stainless steel, flat plate sensor that fits in a standard 2-inch by 4-inch junction box with tamperproof screws. Provide with insulated back.
	G. Thermowell-Mounted Immersion Temperature Sensor: Rigid sensor sealed in 0.25-inch stainless steel probe, with three-part moisture protection system, that has minimum length of 20% of the pipe width. Provide machined, single-piece brass or stainless...
	H. Strap-On Piping Temperature Sensor: Sensor with metal clamps to fasten to piping. Strap-on sensors are only acceptable where specifically called for in Contract Documents. Thermowell and insertion sensor shall be installed where strap-on temperatur...
	I. Cooler/Freezer Temperature Sensor: Use bullet probe style sensor.

	2.3. Temperature Sensors, Matched Pair
	A. Where two temperature sensors will be used together to calculate a BTU measurement, provide a matched pair.
	B. General Requirements
	1. All requirements for Standard Accuracy Temperature Sensors are applicable, except where more stringent below.
	2. Sensor shall be thermistor or RTD with matched transmitter, bath calibrated, 4-20mA output proportional to temperature range and compatible with BAS and 24 Vac/dc power supply.
	3. Differential Accuracy: ±0.15 deg F at 70 deg F.
	4. Measurement Range: 32 to 200 deg F.
	5. Range of sensor output shall be appropriate for the application the sensor is installed in. Range of the output shall be set at the factory and shown on the provided documentation.


	2.4. Humidity Sensors, Standard Accuracy
	A. Manufacturers
	1. ABB
	2. ACI
	3. BAPI
	4. Distech
	5. Honeywell

	B. General Requirements:
	1. Laser-trimmed thermoset polymer-based capacitive-type sensor, 4-20mA or 0-10Vdc output proportional to relative humidity range of 0% to 100% and 24 Vac/dc power supply.
	2. Accuracy: ±2 percent over 10 to 90 percent range.
	3. Measurement Range: 0-100%.
	4. Operating Temperature Range: -40 to 140 deg F.

	C. Outside Air Relative Humidity (OAH) Sensor: Sensor installed in wall-mounted weatherproof enclosure with conduit entrance, with PVC sun and windscreen as required.
	D. Duct-Mounted Relative Humidity Sensor: Sensor in duct-mounted plenum-rated housing with conduit entrance.
	E. Wall-Mounted Relative Humidity Sensor: Sensor in white plastic enclosure with insulated back.

	2.5. Combination Relative Humidity and Temperature Sensors
	A. Where there is a requirement for the monitoring of both relative humidity and temperature at the same location, provide combination relative humidity and temperature sensors. The individual sensors must each meet the specifications details herein.
	B. Where required in the drawings, combination relative and humidity sensors shall have the ability to output additional parameters, including dew point, enthalpy, and wet bulb temperature.

	2.6. Wall Modules and Room Sensors, Standard Accuracy
	A. General
	1. Wall modules and room sensors cover devices which mount on a wall and provide an interface between the MEP Equipment and the occupant.

	B. Manufacturers: Provide a wall module consistent with the manufacturer providing the overall controls.
	C. General Requirements:
	1. Wall modules which measure including but not limited to temperature, relative humidity, and/or carbon dioxide must each meet the specifications details herein.
	2. Provide with plastic enclosure with display, override switch, override indicator, and setpoint adjustment.


	2.7. Dry (Air) Pressure Switch
	A. Manufacturers
	1. Dwyer
	2. Cleveland Controls

	B. General Requirements
	1. Diaphragm pressure switch with SPDT contacts.
	2. Sensor shall be uni-directional.
	3. Manual or automatic reset, in accordance with Contract Documents.
	4. Setpoint adjustment knob.
	5. Accuracy: ±2 percent of full scale output.
	6. Measurement Range: 0 to 12 in wg.
	7. Operating Temperature Range: -4 to 185 deg F.

	C. “Paddle-style” air flow switches are not allowed. Use dry pressure switch in lieu of paddle.

	2.8. Dry (Air) Pressure Sensor, Standard Accuracy
	A. Manufacturers
	1. ACI
	2. Honeywell
	3. Setra
	4. Veris
	5. ABB

	B. General Requirements
	1. Diaphragm pressure transducer and amplifier type sensor, 4-20mA or 0-10Vdc output proportional to pressure range and compatible with BMS system and 24 Vac/dc power supply.
	2. Sensor shall be uni- or bi-directional for application as stated below.
	3. Sensor shall have local display.
	4. Accuracy: ±1 percent of full-scale output/selected range.
	5. Measurement Range: See applications below.
	6. Operating Temperature Range: -4 to 140 deg F.
	7. Burst pressure: 5 psid.

	C. Duct-Mounted Static Pressure Sensors:
	1. Uni-directional.
	2. Measurement Range: 0 to 5 in wg. for low and medium pressure applications and higher as required for high pressure applications.

	D. Room Pressure Sensors:
	1. Bi-directional.
	2. Measurement Range: -0.2 to 0.2 in wg.
	3. Provide with surge damper (Amphenol SD-01 or equivalent) and room static pressure pickup with fine stainless steel mesh filter.

	E. Building Pressure Sensors:
	1. Bi-directional.
	2. Measurement Range: -0.2 to 0.2 in wg.
	3. Provide outside air reference kit, (Dwyer A-306 or equivalent), with tubing, mounting bracket and required hardware.
	4. Provide with surge damper (Amphenol SD-01 or equivalent) and room static pressure pickup with fine stainless steel mesh filter.

	F. Air Filter/Coil Differential Pressure Sensors:
	1. Uni-directional.
	2. Measurement Range: 0 to 2 in wg and higher as required.
	3. Provide with static pressure probe(s).


	2.9. Wet (Water) Pressure Switch
	A. Manufacturers
	1. Ashcroft

	B. General Requirements
	1. Diaphragm pressure switch with SPDT contacts.
	2. Sensor shall have stainless steel wetted components in a weatherproof wiring housing.
	3. Sensor shall be uni-directional.
	4. Manual or automatic reset, in accordance with drawings.
	5. Setpoint adjustment knob.
	6. Accuracy: ±2 percent of full scale output.
	7. Measurement Range: 0 to two times the setpoint or anticipated pressure.
	8. Operating Temperature Range: -20 to 150 deg F.

	C. “Paddle-style” water flow switches are not allowed. Use wet pressure switch in lieu of paddle.

	2.10. Wet (Water) Pressure Sensor
	A. Manufacturers
	1. Senva
	2. Setra
	3. Veris
	4. ABB

	B. General Requirements
	1. Diaphragm pressure transducer and amplifier type sensor, 4-20mA or 0-10Vdc output proportional to pressure range and 24 Vac/dc power supply.
	2. Sensor shall have stainless steel wetted components in a weatherproof wiring housing.
	3. Sensor shall be uni-directional, unless bi-directional required for reversing flow.
	4. Sensor shall have local display.
	5. Accuracy: ±0.25 percent of full-scale output/selected range.
	6. Measurement Range: See applications below.
	7. Operating Temperature Range: See applications below.
	8. Proof Pressure: two times rated input pressure, or greater.
	9. Burst Pressure: five times rated input pressure, or greater.

	C. Water “Gauge” Pressure Sensors:
	1. Measurement Range: 0 to two times the setpoint or anticipated pressure.
	2. Operating Temperature Range: 0 to 175 deg F.

	D. Water Differential Pressure Sensors:
	1. Measurement Range: 0 to two times the setpoint or anticipated pressure.
	2. Operating Temperature Range: 0 to 175 deg F.

	E. Provide with four or five valve manifold. Sensor to be connected to manifold at factory.

	2.11. Current Switches/Transducers
	A. Manufacturers
	1. ACI
	2. Setra
	3. Veris
	4. ABB

	B. General Requirements
	1. Sensor shall be rated for their associated motor load and voltage, have input and output isolation, and have LED indication of status.
	2. Sensor shall be selected based on application, including but not limited to standard 60 hertz motors, variable speed drive, or ECM.
	3. Accuracy: ±2 percent of full-scale output.
	4. Measurement Range: 0 to two times the anticipated current.
	5. Operating Temperature Range: 5 to 140 deg F.

	C. Current Switch (CS):
	1. Self-powered current switch with N.O. contacts.
	2. Provide with adjustable trip point where indicated in Contract Documents, or as required for proper operation for application.

	D. Current Transducer (CT):
	1. Sensor with 4-20mA or 0-10Vdc output proportional to current draw and 24Vac/dc power supply.


	2.12. Carbon Dioxide Sensors
	A. Manufacturers
	1. Honeywell
	2. Vaisala
	3. Veris
	4. ABB

	B. General Requirements
	1. Non-dispersion infrared (NDIR) type sensor, 4-20mA or 0-10Vdc output proportional to carbon dioxide (CO2) range and 24 Vac/dc power supply.
	2. Sensor shall have local display.
	3. Accuracy: ±2 percent of reading, or 30 ppm, whichever higher.
	4. Measurement Range: 0 to 2000 ppm.
	5. Operating Temperature Range: 32 to 122 deg F.
	6. Standard Calibration: No maintenance or periodic sensor replacement needed. The sensor shall have a 5-year calibration interval, utilizing an automatic unoccupied period calibration.

	C. Wall-Mount Carbon Dioxide Sensors: Sensor with plastic enclosure that fits on a standard 2-inch by 4-inch junction box.
	D. Duct-Mount Carbon Dioxide Sensors: Sensor with sampling tube, duct-mounted metal housing with conduit entrance.
	E. Where CO2 is provided beside temperature and/or humidity sensors, it shall be provided separately and not combined into a single sensor.

	2.13. Airflow Measurement Station (AFMS)
	A. Manufacturers
	1. Ebtron

	B. General Requirements
	1. Thermal dispersion type flow sensor, composed of one or more sensor probes (multiple sensors per probe) and transmitter, 4-20mA or 0-10Vdc output proportional to flow range and 24 Vac/dc power supply.
	2. Measurement will be made using the principle of thermal dispersion. Provide one self-heated bead-in-glass thermistor and one zero power bead-in-glass thermistor at each sensing node. Thermal dispersion devices that indirectly heat a thermistor are ...
	3. Sensor probe tubes and mounting brackets shall be constructed of gold anodized, 6063 aluminum alloy, 304 stainless steel, or 316 stainless steel.
	4. Internal wiring in probes shall be resilient to exposure of moisture and not effect sensor operation.
	5. Sensor probe shall be comprised of multiple sensors, with calibration data stored in the cable connecting plug, such that switching transmitters will automatically read corresponding calibration and sensor data. Quantity of sensors per probe and qu...
	6. Accuracy: ±3 percent of reading over full scale, when installed in accordance with manufacturer guidelines. ±5 percent of reading over full scale for outdoor air intakes, when installed in accordance with manufacturer guidelines. Accuracy is for in...
	7. Measurement Range: 0 to 5,000 feet per minute (fpm).
	8. Operating Temperature Range: Probes: -20 to 160 deg F. Transmitter: -20 to 120 deg F.
	9. Sensing elements will be NIST traceable.
	10. Transmitter:
	a. Heavy-duty construction with LED display with 4-20mA air flow and temperature output signals. Outputs may be field configured for additional signals.
	b. Capable of communicating with BAS on communication protocol as specified in 15900
	c. Transmitter shall generate alarms for individual sensor errors and transmit over the BMS network.
	d. Transmitter will be provided with Bluetooth low-energy interface card, capable of transmitting information to Android or iOS devices.


	C. Duct Air Flow Measuring Stations: Probes will be ordered specific to duct as installed in field.
	D. Fan Inlet Air Flow Measuring Stations: The sensing element shall be specifically designed to measure air flow of a centrifugal fan at the inlet cone. Coordinate mounting style with fan selection and manufacturer recommendations. For double-inlet fa...

	2.14. Insertion Turbine Water Flow Meters
	A. Manufacturers
	1. Onicon F-1000 series

	B. General
	1. Provide with NIST traceable, wet calibrated flow-measuring element, integral transmitter (4-20mA or 0-10Vdc output proportional to flow range), installation valves, depth gage, calibration certificate, and attached tag indicating calibration inform...
	2. Flow meter shall be wet tappable, allowing insertion and removal from the flow stream without system shutdown.
	3. Provide power from 24 Vac/dc power supply.
	4. Contractor shall be responsible for selecting flow meter options submitted based on application. Flow meter shall be constructed, calibrated, and scaled for the intended application in terms of pipe size, pipe material, installation requirements, e...
	5. Single or dual axial insertion turbine design with electronic impedance-based sensing circuit. Dual insertion turbine shall incorporate two contra rotating turbines and an averaging circuit to reduce measurement errors due to flow distortions, such...
	a. Coordinate single or dual turbine requirements with as-built conditions to ensure accuracy is achieved as specified.

	6. 316L stainless steel construction.
	7. Maximum pressure rating: 400 psig or greater.
	8. Maximum temperature rating: 280 F or greater.
	9. Accuracy: ±2 percent of reading from 0.4 to 20 fps, when installed in accordance with manufacturer guidelines.
	10. Flow range: 0 to 20 fps
	11. Provide with installation kit appropriate for application.

	C. Application
	1. Chilled water, chilled glycol, hot water, or any other media which contains minimal particulate.


	2.15. Insertion Electromagnetic Water Flow Meters
	A. Manufacturers
	1. Onicon F-3500 Series

	B. General
	1. Provide with NIST traceable, wet calibrated flow-measuring element, integral transmitter (4-20mA or 0-10Vdc output proportional to flow range), installation valves, depth gage, calibration certificate, and attached tag indicating calibration inform...
	2. Flow meter shall be wet tappable, allowing insertion and removal from the flow stream without system shutdown.
	3. Provide power from 24 Vac/dc power supply.
	4. Contractor shall be responsible for selecting flow meter options submitted based on application. Flow meter shall be constructed, calibrated, and scaled for the intended application in terms of pipe size, pipe material, installation requirements, e...
	5. Electromagnetic sensing element shall utilize two sets of diametrically opposed electrodes to measure the average flow rate velocity.
	6. 316L stainless steel construction.
	7. Maximum pressure rating: 400 psig or greater.
	8. Maximum temperature rating: 200 F or greater.
	9. Accuracy: ±1 percent of reading from 2 to 20 fps, when installed in accordance with manufacturer guidelines.
	10. Flow range: 0 to 20 fps
	11. Provide with installation kit appropriate for application.

	C. Application
	1. Condenser water or any other media which contains particulate.


	2.16. BTU (Energy) Meters
	A. Manufacturers
	1. Onicon System 10

	B. General
	1. Water flow meter, dual temperature sensors, and transmitter, 4-20mA or 0-10Vdc output proportional to flow range and each temperature (3 analog outputs total), and 24 Vac/dc power supply.
	2. Provide water flow meter in accordance with the specification herein.
	3. Provide matched temperature sensors in accordance with the specification herein.
	4. Transmitter
	a. Provide with local display and operator interface. Display shall visually indicate instantaneous flow rate, supply temperature, return temperature, thermal energy flow rate (MBH).
	b. Capable of communicating with BAS on communication protocol as specified in 15900



	2.17. Thermostats
	A. Manufacturers
	1. ACI
	2. Honeywell
	3. ABB
	4. Schneider Electric

	B. General
	1. Label switches "FAN ON-OFF", "FAN HIGH-LOW-OFF", "FAN HIGH-MED-LOW-OFF", or as applicable.
	2. Mount on standard junction box.
	3. Thermostat portion must meet the specifications details herein as required for application.

	C. Digital Stand-Alone Thermostat
	1. Electronic, solid-state, microcomputer-based room thermostat.
	2. Automatic switching from heating to cooling.
	3. PID control to minimize overshoot and deviation from setpoint.
	4. Set up for four separate temperatures/periods per day, with individual programming for each day of the week (4 programs per day, 7 days per week, 28 potential programs).
	5. Instant override of setpoint for continuous or timed period from 1 hour to 31 days.
	6. Short-cycle protection.
	7. Selection features include degree F or degree C display, 12- or 24-hour clock, keypad disable, and fan on-auto-circulate.
	8. Powered off unit 24Vac transformer, with solid-state memory in which programming is retained on power failure. Battery acceptable only for time and date upkeep during power failure.
	9. Thermostat display features include the following: time of day, actual room temperature, programmed temperature, programmed time, duration of timed override, day of week, and system mode indications include "heating," “cooling,” "off," "fan auto," ...
	10. Combination Thermostat, Humidistat, Carbon Dioxide, and/or Occupancy Sensor: Where there is a requirement for a thermostat with humidistat, carbon dioxide, and/or occupancy sensing functions at the same location, provide combination unit. The indi...
	11. Provide remote sensing element (electronic sensor) as required for application.

	D. Low-Voltage, On-Off Thermostats
	1. 24Vac, bimetal-operated, mercury-free, heat anticipator, concealed set-point adjustment, space temperature indicator, 55 to 85 deg F setpoint range, and 2 deg F maximum differential.
	2. Selector Switch: Integral, manual on-off-auto.

	E. Line-Voltage, On-Off Thermostats
	1. Line voltage listed for electrical rating, bimetal-operated, mercury-free, open contact or bellows-actuated, snap-switch or equivalent solid-state type, heat anticipator, concealed set-point adjustment, space temperature indicator, 55 to 85 deg F s...
	2. Electric Heating Thermostats: Equip with off position on dial wired to break ungrounded conductors.
	3. Selector Switch: Integral, manual on-off-auto.
	4. Combination Thermostat and Fan Switches: Push-button or lever-operated fan switch.

	F. Freezestat/Low-Limit Duct Thermostat (LTD)
	1. Manual reset switch.
	2. Snap-acting SPDT with gas/refrigerant filled copper capillary that trips if temperature sensed across any 12 inches of bulb length is equal to or below setpoint. Sensing range 15 to 55 deg F.
	3. Bulb Length: Sized for duct/coil with minimum 5 feet.
	4. Quantity: Provide a minimum of 1 foot of sensing element for each square foot of duct/coil area. Multiple Low-Limit Thermostats may be required.

	G. High-Limit Humidistat
	1. Snap acting SPDT, duct or room mount, automatic reset switch that trips if humidity sensed is equal to or above setpoint. Sensing range 15 to 95% relative humidity.

	H. Strap-On Piping Aquastat Temperature Sensor
	1. Snap acting SPDT, pipe mount, automatic or manual reset switch (as indicated in Contract Documents) that trips if temperature sensed is equal to or above setpoint. Sensing range appropriate for application.


	2.18. Relays
	A. Manufacturers
	1. IDEC
	2. Functional Devices
	3. Veris
	4. ABB

	B. General Requirements
	1. Electrically rated for application, minimally SPDT with 10A (resistive) contacts.
	2. Provide with LED indicator light.
	3. Provide with hand-off-auto (HOA) unless otherwise specified. HOA not required if controller has internal HOA or output being controlled has HOA (i.e. VFD).
	4. Plenum rated where required.

	C. BAS Panel-Mounted Relays: “ice-cube” / socket style with mounting base and replaceable relay. Relays in panel will be screw terminal terminations; relays with wiring whip from factory are not allowed for panel mounting.
	D. Nipple-Mounted Relays: enclosed relay compatible with conduit knockout. Acceptable for field use. With or without factory-provided wiring whip.
	E. Track-Mounted Relays: acceptable for use in terminal unit control panels. Screw terminal terminations. Track-mounted relays are not to be installed in field unless inside an equipment control panel (i.e., no track-mounted relays in electrical boxes).
	F. Combination Motor Starter / Current Switch Relays: allowed only for single-phase equipment and must be mounted such that pilot light is exposed (i.e., combination motor starter / current switch relays which install inside of motor starter/VFDs are ...

	2.19. Additional Sensors and Devices
	A. Shaft-Mounted Limit Switches: SPDT/DPDT mercury-free, gravity-actuated mechanical switch with adjustable shaft connection.
	B. Whisker Limit Switches: SPDT/DPDT mechanical whisker switch with adjustable trim arm.
	C. Condensate Drain Pan Overflow Safety Switch: Low-voltage, float-type safety switch designed for condensate drain pan high-level alarm for unit shutdown and alarming. Little Giant Pump/Franklin Electric (ACS series) or equal. Whisker switch with foa...
	D. Water Leak Detection Alarm: Adjustable-height multi-point water detection sensor constructed to be corrosion and abrasion resistant and configured for normally open or normally closed as required by the application with 24Vac/dc power supply. Provi...
	E. Emergency Stop Buttons: ADA-compliant, red emergency pushbutton in yellow polycarbonate plastic enclosure with clear flip-up cover and stainless steel backplate. Button shall be reset by twisting or pulling out the button; a procedure that requires...

	2.20. Electronic Actuators
	A. Manufacturers: All valve actuators shall be supplied from a single manufacturer. All damper actuators shall be supplied from a single manufacturer. Provide actuators manufactured by one of the following:
	1. Belimo
	2. Honeywell
	3. ABB
	4. Schneider Electric (TAC Dura-Drive)

	B. General
	1. Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque.
	2. Actuators shall operate related valve(s)/damper(s) with sufficient reserve power to provide smooth modulating action or two-position action and proper speed of response at velocity and pressure conditions to which the valve/damper is subjected.
	3. Actuators shall produce sufficient power and torque to close off against the maximum system pressures encountered. Actuators shall be sized to close off against the designed pump/fan shutoff pressure as a minimum requirement.
	4. Select actuators to fail in desired position in the event of a power failure. See Contract Documents for power failure modes.
	5. Provide a position indicator and graduated scale on each actuator indicating open and closed travel limits.
	6. Type: Motor operated, with gears, electric and electronic.
	7. Voltage: 24Vac unless otherwise specified. 120V actuators may be allowed if coordinated by BAS Contractor with Electrical Contractor to provide local disconnect and power. Circuit must be fed from the same power panel as the MEP Equipment or Contro...
	8. Power: Contractor is responsible for sizing control transformers based on the VA of the actuator(s) selected.
	9. Provide electronic overload protection throughout the entire operating range in both directions.
	10. Coupling: V-bolt and V-shaped, toothed cradle. Bolt and set screw method of attachment is unacceptable.
	11. Actuators shall be capable of being mechanically and electrically paralleled to increase torque if required.
	12. Two-Position Actuators: Single direction, spring return or non-spring return type.
	13. Modulating Actuators:
	a. Capable of stopping at all points across full range and starting in either direction from any point in range.
	b. Control Input Signal:
	A) Three Point, Tristate, or Floating Point: Clockwise and counter-clockwise inputs. One input drives actuator to open position, and other input drives actuator to close position. No signal of either input, the actuator remains in the last position.
	B) Proportional: Actuator drives proportional to input signal and modulates throughout its angle of rotation. Suitable for 0-5Vdc, 0-10Vdc, 1-5Vdc, 2-10Vdc, and 4-20mA signals.

	c. Floating control actuators shall be allowed only for damper and valve control for room terminal units where there is not a room pressurization requirement. See General Requirements for definition of those spaces. Use of floating controls must be sp...
	d. Pulse width modulation (PWM), or any other analog signal that is not specified above is not allowed.

	14. Position Feedback: Where indicated, equip two-position actuators with auxiliary switches (SPDT) for remote monitoring of open and/or closed position. Point of open and/or closed position can be adjusted over the actuators range of operation (0-100...
	15. Fail-Safe: Where indicated, provide actuator to fail via a mechanical spring return mechanism, to drive controlled device to an end position (open or close) on loss of power. Electronic fail-safe is not allowed, unless specifically reviewed and ac...
	16. Temperature Rating:
	a. Standard Dampers and Valves: -22 to +122 deg F.
	b. Smoke Dampers: -22 to +250 deg F.

	17. Provide actuator enclosure with a heater and thermostat where required by application.
	18. Stroke Time:
	a. Normal: 120 seconds or less from fully closed to fully open, or fully open to fully closed.
	b. Fast-Acting: 12 seconds open, 5 seconds closed unless otherwise noted.


	C. Damper Actuators
	1. The total damper area operated by an actuator shall not exceed 80 percent of damper manufacturer's maximum area rating.
	2. Provide one actuator for each damper assembly where possible. Multiple actuators required to drive a single damper assembly shall operate in unison off a single control signal.
	3. Avoid the use of excessively oversized actuators which could overdrive and cause linkage failure when the damper blade has reached either its full open or closed position.
	4. Use shaft couplings in lieu of blade-to-blade linkages when driving axially aligned damper sections.
	5. Actuator will mount directly to damper with coupler as described above. No foot mount kits, jackshafts, or linkages shall be used.
	6. Sizing: Size for running torque calculated as follows:
	a. Parallel-Blade Damper with Edge Seals: 7 inch-lb/sqft. of damper.
	b. Opposed-Blade Damper with Edge Seals: 5 inch-lb/sqft. of damper.
	c. Parallel-Blade Damper without Edge Seals: 4 inch-lb/sqft. of damper.
	d. Opposed-Blade Damper without Edge Seals: 3 inch-lb/sqft. of damper.
	e. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1,000 to 2,500 fpm: Increase running torque by 1.5.
	f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2,500 to 3,000 fpm: Increase running torque by 2.0.


	D. Smoke and Combination Fire/Smoke Damper Actuators
	1. Actuator shall come connected to damper as a rated assembly, sized per the damper manufacturer’s requirements, and meet the specifications herein.
	2. Actuators operating in smoke control systems shall comply with governing code and NFPA requirements.

	E. Valve Actuators
	1. Valve actuators will be direct coupled “rotary-style” unless otherwise specified. Where required, direct coupled “linear-style” actuators may be used.
	2. Sizing
	a. Hydronic: Size for torque required to achieve valve close off at 150% of maximum pump differential pressure.
	b. Steam: Size for torque required to achieve valve close off at 150% of steam design pressure.



	2.21. Control Valves
	A. General
	1. Factory fabricated, of type, body material, and pressure class based on maximum pressure and temperature rating of piping system, unless otherwise indicated.
	2. Control valves assemblies shall be provided and delivered from a single manufacturer as a complete assembly, with the actuator installed at the factory.
	3. Control valves shall be two- or three-way as specified in Contract Documents.
	4. Provide with extended neck as required to accommodate insulation thicknesses.
	5. Refer to Division 15 for general information about valve construction and installation.

	B. Hydronic Ball-Style Control Valves
	1. Manufacturers
	a. Belimo (CCV Series)
	b. Honeywell (VB Series)

	2. Construction
	a. 2-Inch NPS and Smaller: 350 psi at 250 deg F brass/bronze body, stainless steel ball with matching blow-out proof stem, full port with stainless steel or composite characterizing insert, Teflon seats, dual EPDM O-ring seals, solder or threaded ends.
	b. 2 1/2-Inch NPS and Larger: 175 psi at 250 deg F iron body, stainless steel ball and matching blow-out proof stem, full port with stainless steel or composite characterizing insert, Teflon seats, dual EPDM O-ring seals, ANSI Class 125/150 flanged ends.
	c. ANSI class IV seat leakage for two-way, ANSI class IV seal leakage for three-way A-Port and class III for B-Port.

	3. Flow Characteristics
	a. Two-way two-position valves shall be full port.
	b. Two-way modulating valves shall have equal percentage characteristics.
	c. Three-way valves shall have equal percentage characteristics on A-Port and linear characteristics for B-Port. Bypass applications shall have linear percentage characteristics.

	4. Sizing
	a. Two Position: Line size or size using a 1 psig pressure differential.
	b. Two-Way Modulating: Size using 4 psig or equal to the load pressure drop, whichever is greater.
	c. Three-Way Modulating: Size using 4 psig or equal to the load pressure drop, whichever is smaller.
	d. Effective Cv: for any valve smaller than line size, the pressure drop due to the reduction in pipe size shall be taken into effect. Provide effective Cv on submittal.


	C. Hydronic Butterfly-Style Control Valves
	1. Manufacturers
	a. Belimo (HD Series)
	b. Honeywell (VFF Series)

	2. Construction
	a. 2 to 12-Inch NPS: Class 125/150 cast-iron full-lugged body, stainless steel disc, EPDM seat and extended neck. Disc-to-stem connection shall utilize an internal spline.
	b. 14-Inch NPS and Larger: Class 125/150 cast-iron full-lugged body, stainless steel disc, EPDM seat and extended neck. Disc-to-stem connection shall utilize a dual-pin method.
	c. Leakage: 200 psid zero leakage for 2 to 12-inch NPS and 150 psid zero leakage for 14-inch NPS and larger.

	3. Sizing
	a. Two Position: Line size or size using a 1 psig pressure differential.
	b. Two-Way Modulating: Size using 3 psig or equal to the load pressure drop, whichever is greater. Size for the design flow with the disc at 60-degree open position and the design velocity less than 12 FPS.
	c. Effective Cv: for any valve smaller than line size, the pressure drop due to the reduction in pipe size shall be taken into effect.


	D. Pressure-Independent Hydronic Ball-Style Control Valves
	1. Manufacturers
	a. Belimo (PIQCV up to 3/4”; ePIV for 1” and up)

	2. General
	a. Valve shall meet all the requirements set forth in the Hydronic Ball-Style Control Valve section, in addition to the requirements below.
	b. Operating Differential Pressure Range: 5 to 50 psid or better.
	c. The flow through the valve shall not vary more than +/- 5% due to system pressure fluctuations across the valve in the selected operating range. The control valves shall accurately control the flow from 0 to 100% full rated flow.

	3. Construction
	a. Mechanical pressure regulation style PIC valves shall have factory installed pressure/temperature test ports (Pete’s Plugs) across the pressure regulator at the factory.
	b. Pressure independent control valves 1” NPT or larger may use ultrasonic flow measurement. The ultrasonic flow meter will meet the specifications herein.

	4. Flow Characteristics: see Hydronic Ball-Style Control Valves.
	5. Sizing
	a. Valve shall be sized at line size for the GPM specified of MEP Equipment.
	b. Provide minimum and maximum full-open pressure drop of valves.




	PART 3 - Execution
	3.1. General Installation
	A. Install aspirating guards on wall-mounted devices in the following locations:
	1. Building entrances.
	2. Public areas.
	3. Where indicated on construction documents.

	B. Exposed wire nuts, including in plenum, will not be acceptable. All connections will be made inside a rated enclosure.
	C. Install labels and nameplates to identify control components according 15190.
	D. Install hydronic instrument wells, valves, and other accessories according to Division 15.
	E. Install refrigerant instrument wells, valves, and other accessories according to Division 15.
	F. Smoke detectors, high and low limit thermostats, high-pressure cut-offs, and other safety switches shall be hard-wired to de-energize equipment as described in the sequence of operation. Switches shall require manual reset. Provide contacts that al...
	G. Coordinate fire alarm relay connections to the fire alarm system with the fire alarm installer.
	H. Where sensors have a display, mount such that display can be read from ground.
	I. Install sensors in visible and accessible areas. Do not hide sensors on top of ductwork or insulate over sensors.
	J. For sensors on rigid insulation for duct or piping, install sensor prior to insulation. Sensors installed after insulation will be required to cut and seal insulation around sensor.
	K. Sensors requiring an external power source shall use DC power from switching DC power supply. Do not use alternating current for sensors unless specifically required by the manufacturer. Do not use on-board DC power for sensors unless specifically ...

	3.2. Temperature/Humidity/Wall Module and Room Sensors Installation
	A. Verify location of thermostats, humidistats, and other exposed control sensors with Contract Documents and room details before installation. Install devices 48 inches above the floor per ADA requirements. The location(s) to be selected by Owner. No...
	B. Air seal wires attached to sensors in their raceways or in the wall to prevent sensor readings from being affected by air transmitted from other areas.
	C. Install outdoor air temperature and humidity sensors on north-facing wall at designated location. If sensor cannot be placed on north wall, submit RFI for approved location and provide with PVC sun shield and windscreen.
	D. Single-point temperature sensors may be used in ducts where there is no air stratification possibilities. Sensor shall be mounted sufficiently downstream to allow for sufficient mixing, five to ten duct diameters at a minimum.
	E. Install mixing plenum sensors in a serpentine manner horizontally (not vertically) across duct. Support each bend with a capillary clip.
	F. Thermowells to be installed in piping. Contractor to “stub-up” any thermowell which is too long to install directly into piping. Install heat-conducting fluid in thermowell prior to installing sensor.
	G. Install heat-conducting fluid where strap-on temperature sensors contact piping. Sand and clean piping prior to installation. Insulate around sensor.
	H. Install cooler/freezer sensors in rubber clamp to isolate sensor from surrounding metal. Run conduit inside cooler/freezer for sensor away from door and storage racks. After sensor has been checked out, seal all penetrations with low expansion insu...
	I. Install humidity sensor in areas where relatively humidity will not rise above 90% RH. If area will have high humidity consistently, relocate to different area and use dewpoint/ psychrometric calculations to calculate relatively humidity of the are...
	J. Wall Modules
	1. Limit setpoint adjustment to ±3 deg F unless otherwise specified on the Drawings.


	3.3. Pressure Sensor Installation
	A. Supply (Positive) Duct Static Pressure. Pipe high-pressure tap to duct using a pitot tube/probe. Make pressure tap connections according to manufacturer's recommendations.
	B. Return (Negative) Duct Static Pressure. Pipe low-pressure tap to duct using a pitot tube/probe. Make pressure tap connections according to manufacturer's recommendations.
	C. Room Pressure: Pipe appropriate pressure sensor port (positive space: high pressure, negative space: low pressure) to room. Pipe opposite pressure point to reference outside of room. Connect to stainless steel mesh snubber mounted to white 2 in by ...
	D. Building Static Pressure. Pipe pressure sensor's low-pressure port to the static pressure port located on the outside of the building through outside air reference kit. Mount kit per manufacturer’s instructions. Pipe high-pressure port to stainless...
	E. Pressure transducers, except those controlling VAV boxes, shall be located in Control Panels, not on MEP Equipment or on ducts. Mount transducers in a vibration-free location accessible for service without use of ladders or special equipment.
	F. Do not install tees for TAB purposes in air pressure tubing. Remove tees where found.
	G. Install differential pressure sensor valve manifold at eye level. Provide hard copper tubing from water mains to valve manifold; soft copper not allowed. Provide isolation valves in tubing prior to valve manifold.

	3.4. Current Switches/Transducer Installation
	A. Wire may be “wrapped” around CS/CT to obtain better status indication.
	B. CS/CTs requiring commissioning/startup will be done per manufacturer installation instructions.

	3.5. Air Flow Measurement Stations (AFMS) Installation
	A. Install AFMS in locations indicated and required to perform the Sequences of Operation. Install AFMS in accordance with the manufacturer’s recommendations.
	B. Do not install AFMS sensors and probes until all sanding and grinding activities are complete to protect them from accumulating dust and debris.
	C. Prior to ordering, measure actual duct size as installed in field and provide to vendor.
	D. Mount transmitter at eye level. Measure distance from probe to transmitter and order wire whip of sufficient length to reach. Install probe wire whip in conduit of sufficient size for connector to pass through.

	3.6. Thermostats
	A. Install Freezestat/Low-Limit Duct Thermostat (LTD) in ducts and plenums in a serpentine manner horizontally (not vertically) across duct. Support each bend with a capillary clip. Provide rows at 12 inch spacing; the element covers a maximum of 6 in...

	3.7. Water Flow and BTU Meter Installation
	A. Install water flow meters in locations indicated to perform the Sequences of Operation. Install water flow meter in accordance with the manufacturer’s recommendations.
	B. Do not install AFMS sensors and probes until all sanding and grinding activities are complete to protect them from accumulating dust and debris.
	C. Prior to ordering, measure actual pipe size and verify furnished material as installed in field and provide to vendor.
	D. Mount transmitter at eye level. Measure distance from probe to transmitter and order wire whip of sufficient length to reach. Install probe wire whip in conduit of sufficient size for connector to pass through.
	E. Provide installation kit (i.e., threadolet, nipple/standoff, pipe tee, isolation valve, etc) to Mechanical Contractor for installation. Kit will be specific to the application. Installation accessories which are not provided by the vendor will not ...

	3.8. Relays
	A. Nipple-mount relays will be mounted at a location where pilot light is visible from floor.

	3.9. Valves, Dampers, and Electronic Actuators Installation
	A. Wire parallel actuators according to manufacturer's recommendations.
	B. Dampers and Damper Actuators
	1. Install automatic dampers according to Division 15.
	2. Mount actuators directly on damper shaft or jackshaft unless shown as a linkage installation.
	3. To compress seals when spring-return actuators are used on normally closed dampers, power actuator to approximately the 5  open position, manually close the damper, and then tighten linkage.
	4. Provide necessary mounting hardware and linkages for actuator installation.
	5. Install damper motors on outside of duct in climate controlled areas, including mechanical rooms. Provide sufficient standoff/offset of damper actuator from ductwork to allow for insulation behind actuator.
	6. Where clearance cannot be maintained, locations exposed to outdoor temperatures, or actuator is inside ductwork, provide 12 inch by 12 inch access door per specifications for any actuator inside of ductwork.

	C. Control Valves and Valve Actuators
	1. Provide sufficient standoff/offset of valve actuator from piping to allow for insulation of valve.
	2. PIC Valves
	a. Where not provided from the factory, install pressure/temperature test ports (Pete’s Plugs) for testing of pressure differential across the PIC valve.
	b. For PIC valves with electronic flow metering, coordinate with mechanical contractor to ensure 5 pipe diameters of straight pipe entering valve.

	3. Steam Valves
	a. Mount actuators at a minimum 30 degree angle compared to vertical. Do not mount actuator directly above steam valve or piping.
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